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INTRODUCTION 

Shipbuilding industry is a highly cost 

industry which can make a huge impact and 

tremendous positive outcomes. This industry 

additionally turns into appealing and viewed as a 

major outcomes industry for some countries in the 

world. In addition, the international shipping 

industry carries about 90% of world trade. [1] 

Shipbuilding and repair work at the shipyard are 

among the riskiest industries in the world, which 

implies that quite complicated tasks have to be 

performed in parallel. Thus, safety in shipyard is 

a very important thing in these industry including 

worker’s awareness towards risk and compliance 

of safety precaution at the shipyard. 

 

EXPERIMENTAL SETUP 

This section presents research instrument 

used for this study. Five-point Likert scale was 

used in the questionnaire that measures the 

severity and frequency of occurrence. The 

questionnaire is consists of 3 section which are 

section A (Demography), section B (level of 

worker’s awareness) and, section C (Compliance 

of safety precaution). The respondent is basically 

shipyard workers in Malaysia.  

The data were analysed by using 

Microsoft Excel and Social Statistical Package 

Science (SPSS). All the data were anayzed using 

two tools which are descriptive analysis and 

relative importance index (RII) 

RESULTS AND DISCUSSION 

At the end of research, the literature 

review was done to improve general 

comprehension of the research to get clear data. 

Books, journals, articles, conference paper and 

others were used as reference for further 

understanding. The main process of shipbuilding 

is identified and discussed. Figure 1 shows the 

main processes are including designing, cutting or 

forming, block assembly, pre-outfitting or 

painting, pre-erection, erection and quay. 

In order to achieve level or worker’s 

awareness at the shipyard, the descriptive analysis 

is used to identify level of worker’s awareness at 

the shipyard by calculated the percentage of 

occurrence and mean score. The lowest mean 

indicated the least aware towards safety and the 

highest mean indicated the most frequent aware 

towards safety at workplace. Based on the 

findings, the average mean score for both internal 

and external factor is 4.08 and 3.85 which are 

highly aware based on the mean score. It can be 

concluded that, the workers at the shipyard has 

highly aware towards safety at their workplace. 

 

 In order to achieve compliance of safety 

precautions at the shipyard, the relative 

importance index analysis is used to identify level 

of safety compliance at the shipyard by measured 

their compliance of safety precautions at each risk 

of workplace.  The method had been proposed by 

determining their level of safety compliance for 

safer ship construction work. Based on the 

findings, the average of safety precautions is 

mostly complied at the shipyard. The relative 

importance index is used for easier method to rank 

the level of compliance of safety precaution at the 

shipyard. 

 

 
Figure 1: Flow chart of ship production process. 

 

 

CONCLUSION 

The problem identified and recommendations had 

been forward in this thesis. An optimization is 

proposed mainly for major concern which is 

safety compliance in shipyard for safer ship 

construction process. Based on the findings, 

several method had been used and proposed in 

determining the level of safety in the shipyard for 

safe ship construction process. It can be 

concluded that, the shipyard has a high level of 

safety compliance of safety precautions. In 

addition, major concern from the employer is 

needed to minimize number of risk as well in 

order to keep good reputation of the company. 
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INTRODUCTION 

 Power plant is very important in industrial 

activities or other activities that use electricity as a 

source of energy. Power plant is a facility for 

the generation of electric power by rotating machine 

that converts mechanical power into electrical 

power. Most power plant contains one or more 

generators and this also same as ship power plant. In 

ship power plant, the main generator on ship usually 

use for propulsion system where by using propulsion 

forces, ships are able to maneuver themselves in the 

water. The most commonly used marine propulsion 

system is diesel propulsion system by converting 

mechanical energy from thermal forces. Diesel 

propulsion systems are mainly used in almost all 

types of vessel along with small boats and 

recreational vessel. [1] 

 

EXPERIMENTAL SETUP 

First, the initial study was conducted to find out the 

problem that was related to research object, which is 

the most common failure in the power plant system 

is boiler. Then the literature review was conducted 

to find out more about what happened to the boiler 

operation and to determine the problem. From the 

potential failure mode, boiler tube is the most 

problem.Then, the data and other information 

required for the assessment are collected. At this 

stage the RBM method is implemented. Based on 

data, risk assessments are performed in the part of 

each section. All medium and high risk areas are 

investigated by PoF and CoF for each item and 

estimate the damage rate, PoF and CoF calculation 

can be done with other alternatives using the FMEA 

method.After the assessment done we will see the 

risk of failure. Then the risk matrix is used when 

designing a check interval. Based on the matrix risk, 

critical risks will be through maintenance planning 

to reduce the risk. Reassessment will be performed 

to compare risk factors and operations will be 

repeated if problems are detected.From the potential 

failure mode, boiler are chooses. 5 types of boiler 

tube are chooses for the analysis. 

 

RESULTS AND DISCUSSION 

Figure 3.1 shows the result of the risk analysis in 

matrix form with the category allocated based on 

API 581. The result show that the highest risk 

present is medium high from tube 2, 3, 4 and 5. The 

lowest risk is in medium category from tube 1. The 

risk values for each tube are 1.03 for tube 1, 13.6 for 

tube 2, 3 and 4 and 15 for tube 5. the probability for 

tube 2, 3, 4 and 5 to fail exceed the medium category 

is on day 20. Therefore, to reduce the probability of 

the risk to occur is by doing maintenance before day 

20. To reduce the maintenance cost, maintenance for 

tube 1 will be delay because the probability of the 

tube to fail does not exceed the medium category 

within a month. 

Feed water and boiler water treatment are added 

in maintenance plan as a preventive method. Feed 

water and boiler water shall be analyzed at least 

twice a day. Amount of chemicals to be added and 

amount of boiler water to be blow down shall be 

controlled referring to the results of the analysis so 

as to maintain each chemical content of the water 

within the prescribed limit. Operators are required to 

have correct understanding about the action and 

effect of each chemical and calculation method of 

required quantity of it.The recommended chemicals 

are as follows For adjusting pH value and PO 3-: Na 

HPO and Na PO.  

For deoxidization and rising pH value : 

Hydrazine hydrate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: shows the risk matrix area based 

category 

 

CONCLUSION 

The potential area to develop an offshore wind 

turbine is at Area 6 in order to harness wind energy 

despite the seasonal variation wind speed. This is 

because there are not much of exploration contract 

area or production of oil and gas at the area despite 

the low of technical energy. 
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INTRODUCTION 

 To minimize the risk of failure for boiler 

operation, the Risk-based inspection (RBI) is 

applied. RBI is an approach which seeks to 

optimize inspection activities based on 

probability and consequence of failure of 

components and systems to optimize the time-

based inspection. Nowadays the requirement of 

using RBI for managing risk is really popular in 

marine power plants because RBI provides a 

methodology for determining the most cost 

effective inspection program. RBI is carried out to 

reduce costs of inspection and maintenance while 

still maintaining an acceptable amount of risk. By 

focusing on equipment which is higher risk, 

inspection and maintenance plans can be 

developed focusing on the higher risk equipment 

while inspection and maintenance on lower risk 

equipment is reduced to appropriate level. Risk is 

defined as the potential consequence based on a 

specific hazard or danger driven by its individual 

probability of occurrence. [1] 

 

EXPERIMENTAL SETUP 

Five types of tube had been taken into 

consideration in this study, they are Rear Bank 

Tube; Screen Tube; Front Wall Tube; Rear Wall 

Tube and Side & Roof Wall Tube. In each type, 

one tube was selected in order to conduct the RBI 

analysis. These tube will be called Tube 1, Tube 

2, Tube 3, Tube 4 and Tube 5. Risk assessment 

will identify the potential failure or degradation 

mechanism, and their potential consequences. 

Analysis on the probability of failure and 

consequence of failure will be done and conduct 

in qualitative analysis. The result is the risk level 

of the pipes and the inspection plan and 

mitigation plan. In case of the inspection plan 

can no longer to give the confident level of risk, 

mitigation plan need to be done.  
 

RESULTS AND DISCUSSION 

 

 
Figure 1 shows the risk matrix for area-based 

analysis. 

 

It is clear that the Tube that has the 

highest risk is Tube 5 because it is the only one in 

medium-high area, this also show that the risk 

faced by Tube 5 is COF driven compared to other 

Tubes. Tube 2,3 and 4 located in medium region 

which is typical, whereas Tube 1 has the lowest 

area-based risk compared to others. 

 

 
 

Figure 2 Risk Matrix for Financial-based 

Analysis 

 

Tube 1 has the lowest financial-based 

risk and the other Tubes; Tube 2,3,4 and 5 has 

medium risk for financial. This may be resulted 

from the cost of repair and production lost are 

low, but the result just for a sample tube taken 

from different location surrounding the boilers. 

The inspection planning is focus on Area-

based risk analysis, since all risk in Financial-

based fall within range. The reassessment of 

mitigation and inspection plan are necessary to 

achieve maximum effectiveness of a mechanism. 

Tube 5 need to have shorter time inspection 

interval and Tube 1 can have longer time interval 

based on area analysis. For Financial, only Tube 

1 need rearrangement of inspection planning since 

the normal procedure waste cost on unnecessary 

inspection. 

 

CONCLUSION 

In conclusion, the main objective which 

is to conduct Risk Based Inspection for boiler 

operation in marine power plant has been 

fulfilled. This analysis produced a qualitative risk 

assessment and comes out with risk ranking for 

tubes in high risk or lower risk region. An 

inspection plan is suggested. 
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INTRODUCTION 

One of the common noise issues in 

automotive industry is disc brake squeal. This 

annoying noise cause discomfort to people and 

warranty issue. The disc brake squeal noise was 

generated in the frequency range between 1 kHz and 

15 kHz with the sound pressure level above 70 dBA 

[1]. Brake squeal can be generated by several 

conditions such as temperature, humidity, pressure 

on the pads, and speed [2]. Previous research has 

been made where the brake pad’s geometry is 

modified either cutting chamfers or slot to reduce the 

high frequency noise [3]. Due to variety of brake 

designs, one type of pad modification may or may 

be not effective in eliminating squeal. 

 

EXPERIMENTAL SETUP 

The experimental test was carried out by 

using a prepared brake squeal test rig in the 

automotive laboratory of the Universiti Teknologi 

Malaysia (UTM). The original brake pads of the 

Malaysian national car were utilized in this study 

experiment by adopting the test procedures implied 

by the SAE J2521 drag test procedures. Multiple 

tests were conducted using the original brake pads 

by varying the brake squeal main parameters which 

are the hydraulic applied pressure and the disc rotor 

rotational speed. 

 

RESULTS AND DISCUSSION 

The brake pads utilized in this project were 

modified in 4 different ways. The first one is 

machined a straight slot at the centre of each pad. 

The second set was machined with a straight slot at 

the centre of pad with chamfer at each pad edge for 

each pad. The third set was machined with a trigonal 

slot at the centre of the pad. The fourth set was 

machined with a trigonal slot at the centre of the pad 

with chamfer at each pad edge for each pad. The 

brake squeal testing on the first brake pads 

modification resulted in a reduction in the brake 

squeal by 6 % with a maximum sound pressure 

squeal intensity of 93 dBA. The testing on the 

second brake pads modification resulted in a squeal 

reduction of 12 % with an SPL maximum value of 

87 dBA. The testing on the third brake pads 

modification resulted in a squeal reduction of 19 % 

with an SPL maximum value of 80 dBA. The testing 

on the fourth brake pads modification resulted in a 

squeal reduction of 22 % with an SPL maximum 

value of 77 dBA. 

 The fourth brake pads modification show 

the greatest reduction of brake squeal noise of 22% 

compared to other modifications with an SPL 

maximum value of 77 dBA.  It is noticed that the 

maximum sound pressure level is detected at Test 1 

with SPL of 77 dBA by referring Table 1. Figure 1 

show the frequency distribution for the fourth brake 

pads modification with a uniform distribution.  

 
Table 1: Squeal data for the fourth brake pads 

modification. 

 
 

 
Figure 1: SPL for the fourth brake pads modification 

with different frequencies. 

 

CONCLUSION 

All the proposed modification can reduce 

the disc brake squeal noise. It is proved that the 

modification with a trigonal slot and chamfer has the 

greatest reduction of squeal compared than other 

modifications. 
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Pressure     

(kg/cm2) 
 Speed  SPL  

Squeal 

Frequency 

    (rpm)   (dBA)   (Hz) 
        

Test 1 1  26  77  4189, 8408 
        

Test 2 1  31  74  4199, 8408 
        

Test 3 1  36  72  4189, 8369 
        

Test 4  1  41  74  4218, 8437 
        

Test 5 1  45  72  4208, 8417 
        

Test 6 1   50   74   4189, 8388 
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INTRODUCTION 

In 21st century, researches had been done in 

investigating the passive cooling techniques to 

improve the energy consumption. Solar chimney 

had been recognize as one of the technique to 

improve the ventilation. Application of solar 

chimney could cause a decrease in room 

temperature for 1.0-3.5 °C lower than ambient air 

[1]. The aim of the project is to explore 

enhancement methods to boost natural convection 

heat transfer to ventilate an L-shaped shipping 

container home using solar chimney. 

 

METHODOLOGY 

An L-shaped shipping container home is modeled 

as well as meshing using Salome. Then, the 

simulation is running using Code_Saturne after 

mesh file is imported. Different case studies on 

the chimney is done. In this case, Boussinesq 

approximation is used without solving full 

Navier-Stokes equation due to density variation: 

ρ_c (1-β(T-T_c ) where β=1/T_c  

 

This equation represents the density law. 

Assumption of only natural convection as heat 

transfer method is applied to this case. The 

boundary condition of each wall, inlet and outlet 

are set up. Then the results are post-processed 

using ParaView to obtain the temperature contour 

distribution of shipping container home. Also, 

EAHE is introduced to enhance the ventilation 

within the container.  

 

RESULTS AND DISCUSSION  
 

 
 

 

Figure 1: Comparison between baseline and 

chimney with EAHE 

 

Application of chimney and EAHE result 5°C 

lower in temperature, 2.97% heat reduction and 

tolerably comfortable environment (PMV≈1) The 

numerical simulation result is consistent with 

experimental results from [1]. 
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INTRODUCTION 

Over the years, the world excessively 

reliant on diminished non-renewable energy source 

such as petroleum, natural gas, coal and fossil fuel. 

Non-renewable is proven very efficient and 

productive however it’s contributed to bad effect, 

damaging the environment and to human health 

(Herzog et al., 2001). Optionally, renewable 

energies such as biomass, wind energy, solar energy, 

geothermal and water energy provides a good 

perspective to be an alternative to non-renewable 

energy such as fossil fuel. As is known that the form 

of hydropower sources, especially ocean energy, can 

be categorized into tidal gradients, waves, currents, 

thermal gradients and thermal cathars (Bedard et al., 

2010). Among them, the marine currents present a 

relatively new and almost unexploited source with a 

worldwide diffusion of potentially highly-

productive sites.  

 

EXPERIMENTAL SETUP 

This paper presents an electrical system for 

a Vertical Vane Current Generator (VVCG) to 

estimate the power produce by vertical axis marine 

current turbine so that the power output can increase 

and generate more electricity. Besides, this paper 

also presents an estimation of power produce by 

multi-turbine system. Moreover, the estimation of 

power produce will compare with the collecting data 

and measure data from experiment. 

 

RESULTS AND DISCUSSION 

For each data and parameter that been set 

will be calculated to get the power output. Through 

the MATLAB, there have several that can be 

collected such as power output, power available, 

RPM, torque and efficiency for every configuration. 

So, will discuss the result of a Simulink of velocity 

and power produce by calculation from the formula 

set. Other than that, it will discuss the effect that 

produced from the array configuration either wake 

effect, blockage effect or turbine interaction effect. 

This is to ensure that the array configuration will fit 

perfectly at the selected location and all the limiting 

factors are fulfilled. 

Figure 1 show the power produce for each 

water velocity. The power produce is increase when 

the velocity of the water is increase.  

 Figure 2 shows a comparison between the 

configuration use. The configuration 6 get the 

highest power available than the others 

configuration. The power available for 

configuration 3 is the lowest. 

 

 
Figure 1: Power available vs velocity. 

 

 
Figure 2: models between control condition 

 

CONCLUSION 

The electrical system for a Vertical Vane 

Current Generator in MATLAB SIMULINK was 

developed. Power available was calculated respect 

to water velocity. The electrical energy produced for 

a multi turbine system were estimated. For 2 

Turbines, Configuration 2 and Configuration 1 have 

high efficiency than others configuration. For 3 

Turbines, Configuration 6 get the highest efficiency. 
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INTRODUCTION 

 The resistance of a ship at a given speed is 

the force required to tow the ship at that speed in 

smooth water assuming no interference from the 

towing ship. This total resistance made up of 

different component, which interact with each other 

in an extremely complicated way. This research will 

focus on the evaluation of the performance of sailing 

Jong stability and propose for its improvements.” 

 

EXPERIMENTAL SETUP 

              In order to evaluate the stability of Sailing 

Jong, we need to have all hydrostatic data. We can 

produce hydrostatic data of Sailing Jong by using 

software such as Maxsurf stability or using manual 

calculation in excel. Before we can use Maxsurf or 

manual calculation, we need to have all offset data 

of Sailing Jong. From the hydrostatic data that 

produce, we can calculate for GZ curve and plot in 

to a graph.  From the GZ curve graph, we can 

evaluate the stability of Sailing Jong by referring to 

IMO criteria. So that we can determine whether the 

Sailing Jong is stable or not. 

               From the offset data that obtain by 

measuring at MTC, Maxsurf was used to calculate 

hydrostatic data by assign the offset data as the 

input. First click on the Maxsurf window and choose 

marker. After that, click on the marker and choose 

add marker. Copy and paste all offset data on the 

marker slot.  

 

RESULTS AND DISCUSSION 

GZ curve is the stage to analyse the basic 

intact stability of Sailing Jong in order to evaluate its 

stability. The easiest and handiest tool for analysing 

a surface ship’s stability, is by graphs or curves. By 

looking on this curve, the stability characteristic can 

be predicted. Since the stability of a ship can be 

directly commented on by the nature and value of its 

metacentric height (GM), a direct method to track 

the stability of a ship for a range of heel angles 

would be, to generate a curve that relates this 

parameter to the angle of heel. Since metacentric 

height is directly related to the righting lever (GZ) 

and angle of heel, the curve of static stability is a plot 

between the righting lever and angle of heel. 

 

 
Figure 1: GZ curve of existing Sailing Jong 

The above graph is plotted assuming that 

the ship is in static condition. Some of the important 

information that can be derived from any GZ curve 

of a ship are discussed. The maximum righting lever 

(GZMAX), represented at 60-degree heel angle, in the 

graph is proportional to the largest static heeling 

moment that is required to bring the ship back to its 

upright position. The value of maximum GZ and the 

angle at which it occurs, are important values. In 

other words, the maximum righting lever when 

multiplied with the displacement of the ship, gives 

us the value of the maximum heeling moment that 

the ship can sustain without capsizing. Beyond this 

angle, the righting lever (in other words, the 

stability) of the ship decreases drastically. 

 

CONCLUSION 

From the analysis, it shows that the Sailing 

Jong is stable enough since it has all criteria that 

follow International Marine Organisation, IMO. For 

this project is still not fully completed since analysis 

of sail that compute to stability of Sailing Jong is 

neglected.   
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INTRODUCTION 

Current manufacturing scenario demands 

performance of production output [1]. Company 

should focus on mitigating non-productive time as 

to remain competitive. The critical element is 

comprising by quick change. Companies essentials 

to reduce setup times as well as eliminate wasting 

time [2]. Quick change refers as changeover or 

conversion reduction which emphasizes on 

eliminating or reducing non-value added activities 

during setup. This helps companies to achieve a 

great amount of efficiency in a way to change tool 

from one specification to another. 

 

PROBLEM DEFINITION 

 Aim to reduce setup time by mitigating 

repetition work during conversion for ejection 

station. The bending displacement of fixture need to 

enhance in order to lengthen life span of good shape 

of fixture. This allow the fixture to be performed 

without having repetition during conversion. The 

process of validating the strength of fixture clamp 

need to be conducted. 

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for validating the fixture. In analyzing the 

fixture, determining the applied pressure via 

comparison of model simulation and experiment 

results. These values involve with strain and 

displacement where it measures with the instrument 

of strain gage and linear variables differential 

transformer (LVDT) respectively. As the pressure 

value which equivalent to rotation of screw had been 

achieved, this pressure indicates as reference level 

for bending displacement. Design of fixture have 

been improved by using concept of Design of 

Experiment (DOE) with the measure response of 

bending displacement. The optimum design is based 

on the least response for bending displacement.  

 

RESULTS AND DISCUSSION 

From the generated result of DOE, the most 

significant is thickness of clamp and followed by 

height. By constructing an optimal setting for a new 

design, the bending displacement could be reduced 

which shown in the Figure 1. By using the reference 

pressure which obtained from model simulation, 

overall bending displacement reduced about 51% 

from existing design. From the obtained pressure 

which specified to each level on X-axis of the graph. 

Both lines are considered linear despite from 0° to 

90° which having an exponentially increased. 

Although the bending displacement is successfully 

improved, the gap between this clamp continue to 

develop as from time to time. This is due to the 

elastic region for clamp only occupied below than 

8.79 MPa which is lower than the practical pressure 

used. The common pressure used by workers are in 

the range more than 16 MPa. 

 

 
Figure 1: Improvement for bending displacement 

 

CONCLUSION 

 From improved design, the rate of 

expanding for fixture clamp is slower compared to 

existing design. This means the life span with good 

condition for improved design is extended which 

results the issues for repetition works can be 

eliminated for certain period. This can be seen in the 

Figure 2 with the estimation of 2 years additional. 

By conducting conversion without having any 

repetition may reduce the conversion time to 12 

minutes per setup.  

 

 
Figure 2: Estimated time saving for conversion 
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INTRODUCTION 

Inspection works inside the vehicle 

inspection pit could be considered as one of the most 

risky and hazardous work at an automotive 

workshop environment. Workstations in vehicle 

inspection pit could have many risks and hazards 

that can lead to unsafe situations to the workers [1, 

2]. Any work areas that has holes or pits can cause 

serious injuries regardless its depth [3].This 

existence of hazards and risks could be because of 

poor design of the vehicle inspection pit 

workstation, working tools or equipment and also 

poor work practice. This project focuses on 

identifying the risk and hazards that are present at 

vehicle inspection pit workstation at an automotive 

workshop and improve the risk levels using 

engineering design approach. 

 

METHODOLOGY 

The methodology that were used to collect 

the data in this study was interviews, observation 

and risk assessment. For the interview, 2 workers 

had been chosen as respondents. For the 

observation, a total of 2 rounds of observation was 

held. The first round was to have a look on the 

condition of the workstation and second one was to 

observe the work activities that has been involved. 

Then risk assessment was done based on condition 

of workplace and based on the work activity 

involved. After identifying the problem, a proposal 

of design was developed using engineering design 

approach as a solution. 

 

RESULTS AND DISCUSSION 

Based on the data collection and data 

analysis, it was found that the access stairs of the 

vehicle inspection pit has the highest risk where the 

worker uses the access stairs to enter and exit the 

workstation. The results of data analysis can be seen 

in Figure 1 and Figure 2. 

 
Figure 2: Paretto chart for HIRARC assessment on 

workplace condition 

 
Figure 3: Paretto chart for HIRARC assessment on work 

activity 

To improve the risk level which was 

identified as the major risk, an elevating platform 

design was developed to be proposed as an 

alternative method for the worker to enter and exit 

the space.The development of the design was done 

by following the arrangement of steps of 

engineering design process. Figure 3 shows the 

Solidworks design which was proposed as the 

solution. 

 

 
Figure 4: Proposed Design of Elevating Platform 

CONCLUSION 

In conclusion, the objective of this study 

which were to identify the risks and hazards that are 

present at vehicle inspection pit workstation and to 

propose an improvement of the risk level using 

engineering design was achieved. 
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INTRODUCTION 

Over recent years, the demand of customer 

for marker product keep increasing. The possibility 

of rejected rate occur during marker manufacturing 

are quite high. Therefore, the company wants to 

have a quick solution on how to handle and reduce 

the number of defects occur during manufacturing 

of marker process and increase the quality of product 

at the same time. Six Sigma methodology has been 

using throughout this entire project to identify the 

problem and completing the objective of the case 

study.  

 

EXPERIMENTAL SETUP 

This section presents the steps taken on 

using DMAIC methodology. Define phase is the 

first phase of the Lean Six Sigma improvement 

process. This phase is used to defining project's 

scope and boundary. 2 tools are used in this project 

which are voice of customer (VOC) and SIPOC 

diagram. The second phase is measurement phase 

which is to evaluate the baseline status of process. 

This phase is highly data driven because 

measurement of current state is based on historical 

data collected. This section include data collection 

plan and Pareto chart for marker defective rate. 

Analysis phase is to identify the causes of the 

problem and selected the root causes with the help 

of data and analysis. Brainstorming has been done 

and all the causes and possible has been list down. 

In this phase, cause and effect diagram is conducted. 

The fourth phase is the improve phase. This phase is 

used to improve the current condition by proposing 

solution that could be a result to decrease the number 

of reject rate in the company. In this phase, results 

are obtain. The final phase is the control phase where 

tools are used to monitor the process to ensure it 

does not vary from optimized state. The tools used 

are Statistical Process Control (SPC) and control 

plan.   

. 

 

RESULTS AND DISCUSSION 

At measurement phase, data is collected, 

and Pareto Chart is plotted. It is shown that the 

highest defective rate occur is at printing process 

which is an average of 554 unit per day. Thus, this 

process become the focus of this project for 

improving the current situation. From the chart, 

cause-and-effect diagram has been conducted. It is 

found that the root cause for marker defects in 

printing process are at the sorting section where the 

current machine does not sort the marker properly 

into conveyer which leave the slot empty. This will 

cause the ink at arm printing to be over spillage and 

cause defect. For improve phase, a new design is 

proposed using a more suitable mechanism for 

maker sorting. It is expected that the new design 

could reduce the reject rate by 75% of the current 

reject rate due to the minimization of critical cause 

in sorting. Figure 1 shows the final design proposed 

to the company. 

 

Figure 1: Final Design for marker sorting      

machine 

 

 However, the process control plan could 

not be carried out due to studies limitation which 

needs to implement prototype in that company.  

 

CONCLUSION 

 The project has been completed by using 

DMAIC methodology. The new design is compared 

with the current design and the result were satisfied. 

The reject rate could be decrease and the company 

could improve the quality of the product and even 

save up more cost. As a conclusion, the objective of 

this project has been achieved successfully. 
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INTRODUCTION 

Rigorous testing need to be performed 

because there are a lot of products that need to be 

recalled. Same goes to the medical device. Based on 

IEC 60601-1 standard, all medical device need to 

undergo the testing. For the hand-held enclosure, it 

need to perform the drop test, push test and mold 

stress-relief test. Drop test should be performed on 

hardwood surface with a density >600kg/m3 (Iec 

and Brousseau, no date). Plastic that undergo push 

test, not suitable to compress up to 60% (INSTRON, 

no date). The purpose mold stress-relief test to find 

the weakness of plastic enclosure [3]. 

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for all the testing. For sample preparation, the 

ABS enclosure was designed as previous study and 

printed using Stratasys uPrint SE Plus 3D Printer. 

For drop test, it was performed on hardwood surface, 

Resak wood and drop on it from 1m. The results 

were complied with the pass-fail criteria. For push 

test, it was performed using INSTRON 5982 

machine using speed 0.5mm/min and compressed up 

to 1%, 5% and 10% for three sample respectively. 

While, for mold stress-relief test, placed the 

enclosure in an oven for 7 hours at raised 

temperature with the minimum 70°C. 

 

RESULTS AND DISCUSSION 

11 ABS enclosure already printed for all 

testing. For drop test, visual inspection was 

performed after the testing and the results were 

complied with the pass-fail criteria. And overall 

results are failed because most of the list of results 

were categorized in fail criteria. For push test, the 

results of testing for three sample were plotted in 

load-displacement curve as shown in Figure 1. 

 

 

 
Figure 1: Load-Displacement Curve 

 

The result of push test is passed because 

the maximum load for the enclosure start to fail is 

5.21kN, while the load requires by standard is 

250N. for mold stress-relief test, CMM used for 

measured the deviation on the sample at each part, 

top, bottom, and battery. Based on the results, it 

shown that the % of shrinkage and warpage, 

mostly the highest is sample 5 where the 

temperature used was 115°C. However, this was 

not give a huge impact to the enclosure and there 

is no any big damage. Based on IEC 60601-1, no 

damage resulting in an unacceptable risk(A and 

Forest, 2013). So, the result is passed. 

 
CONCLUSION 

The performance of 3D printed polymer 

enclosure successfully analysed using mechanical 

test (mold stress-relief test, push test, and drop test). 

The tests results indicated that the enclosure passed 

the mold stress-relief test with temperature of 70℃, 

85℃, 100℃, 115℃ and melts at certain edges when 

reaches 115℃. Next, the enclosure passed the push 

test with the results of test were more than the 

requirement of standard. While, the enclosure failed 

the drop test due to poor mounting and snap fit of 

design. As recommendation in the future, 

improvement focus on the snap fit, cover battery 

pattern, and change the snap fit to use screw as 

connection. 
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INTRODUCTION  

Plastic material has been widely used in 

packaging application. Other than acquire unique 

properties, plastic are widely used in different range 

of temperatures, are resistant to chemical and light 

as well as very strong and tough[1]. The purposes of 

packaging are for shipment and storage of sensitive 

items[2]. Packaging displays the items inside[3] at 

the same time it ensures the authenticity by 

preventing the access to the device packaged. 

Packaging as protection to the packaged items from 

damage[4] and conforms to the product standard of 

the manufacturer(4). In medical field, packaging is 

important to maintain sterilization[5] to reduce the 

rate of infections in hospitals and other healthcare 

settings[6].  

 

EXPERIMENTAL SETUP 

Vacuum forming is performed by using 

Formech 300XQ to fabricate a designed plastic 

packaging for medical device. Polyvinyl chloride 

(PVC) and High Impact Polystyrene (HIPS) plastic 

sheets were used to study and make comparison on 

the effects of materials in manufacturability. A 

Computer Aided Design (CAD) SolidWorks was 

fully utilized in the design activity as an additive 3D 

machine FLASHFORGE was used to print out the 

mould of the illustrated. The prototypes were tested 

the functionality and performance by carried out 

packaging testing methods-visual inspection and 

drop test. 

 

RESULTS AND DISCUSSION  

Webbing is one of the major defects of 

vacuum forming due to absence of draft angles at the 

corners and the excessive material in the small 

mould, depth of mould is too depth from its surface 

as well as the vertical angle of the compartment from 

the surface. Thinning of wall of spray bottle 

compartment is another defect that is observed in 

PVC plastic plackagings due to the formation of the 

plastic sheet in order to conform to the shapes and 

depth of a mould. Both PVC and HIPS plastic 

packagings tend to have misalignment issue due to 

absence of jigs to secure the moulds. Besides, the 

occurrence of blunt corner is due to the vent holes 

are not ideally located, hence the evacuation of air 

during vacuum forming is affected and cause the 

rate of drawing the plastic sheet to be slower and 

inefficient. HIPS plastic packaging has shrinkage 

defect and size variations. 

The impact of falling mostly affect the 

dropped packaging at the edges. The big surface 

areas of both top and bottom side of packaging 

allows even distribution of impact on the packaging 

when hitting on the hardwood and cause no flipping. 

The inspection of the condition of inner packaging 

and items packaged shows that PVC plastic 

packagings tend to deform and crush due to the 

impact of because the strength of the PVC plastic 

sheet which is not rigid and hardly to stand when 

holding the spray bottle and medical device because 

absence of reinforcement rib for strengthening. 

Besides, the deformation of the PVC is due to the 

poor structural integrity caused by thinning on the 

wall of the wall of the packaging. Thin material of 

PVC allows it to absorb the impacts and lead to the 

deformation of the plastic packaging results the soft 

impact and no rebound on the PVC plastic 

packaging. HIPS plastic packagings has no effect 

after the drop test which means the energy is 

penetrated by the packaging due to the hard impact.  

 

 

CONCLUSION  

The thin PVC plastic packaging is 

recommended for single-use purpose to protect the 

medical items during transition due to its low 

material cost yet capable to provide protection to the 

packaged items. While HIPS plastic packaging is 

suggested for multiple usage because of its good 

rigidity and strength. However, the rigid HIPS 

plastic packaging is poor in impact absorption and 

may lead the packaged items to indirectly receive 

the impact when dropping. 
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INTRODUCTION 

The number of injury is increased year by 

year which leads to death, life threatening, disability 

and hospitalization. This shows that medical device 

should undergo rigorous assessment and following 

strict regulations and procedures. Risk assessment is 

a compulsory step for any product development in 

order to get the approval of Medical Device 

Authority (MDA) and Standard and Industrial 

Research Institute of Malaysia (SIRIM) before 

entering commercialization in Malaysia. For 

medical device, risk assessment must be compliance 

by ISO 14971 standard. So, this may be a big 

challenge for medical device manufacturer to get the 

approval from the MDA and SIRIM.  

 

METHODOLOGY 

The risk assessment was using Failure 

Mode and Effect Analysis (FMEA) technique and 

conducted among the expertise person in this 

project. Expert opinions involve in giving the rating 

of Severity (S) and Occurrence (O) for the potential 

failures that may occur for the device. So, from this 

rating, risks prioritization should be calculated by 

multiple the S and O. Then, the risks should be 

categorized into low, medium and high risk. Then, 

the improvements and control measure should be 

suggested and implemented to the high risks and 

medium risks. Hence, the Risk Management File 

should be developed based on the results of FMEA 

and DFMEA analysis.  

 

RESULTS AND DISCUSSION 

Based on the (Carlson, 2017), it states that 

the prioritization of risks by multiple S and O rating. 

This called as “criticality”. So, this technique of 

prioritization of risks was used for this research.  

Table 1 shows the summary of the results 

from the FMEA analysis. The green colour means 

low risk which is the acceptable risk that did not 

need any control measure. Then, for yellow means 

medium risk where the control measure should be 

provided and red is high risk in which the 

improvement should be suggested and implemented 

to reduce the risk. (Grzegorz, Mianowski, Rosołek, 

& Gołaszewski, 2017) said that the preventive 

actions taken have allowed to reduce the level of risk 

to the acceptable level (average and low level of 

risk). 

The high risk that obtained from the FMEA 

analysis was the snap fit lock hinge of the battery 

cover is broken. This is because the current design 

that being used not suitable with the material used. 

We decide to change the design of the battery cover 

into the slide battery cover concept.  

 

Table 1: Summary of FMEA Results 

 

CONCLUSION 

Analysis of FMEA has been conducted and the risks 

categorizations have been identified. The 

improvement and control measure have been 

provided and implemented for high and medium risk 

to ensure the risk is reduced. Lastly, the Risk 

Management File has been developed according to 

the results of FMEA.  
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Step 
No 

Failure 
Critical 
Number 

2 Snap fit lock hinge broken 25 

1b Sharp edges 4 

3a Cable ease to elongate 12 

3b Weak cable joint with steel plate 9 

4b inappropriate knob size and shape 12 

6b Sponge easy to detach from electrode 9 

7a Poor gel absorption 9 

7b Sticky condition 9 

10 Sudden current surge flow 9 

13 Electrode may drop easily 12 

1a Device drop 2 

4a Overturn/under turn due to loose knob 1 

4b knob easy to detach 1 

5 
button switch on broken, unable to 

withstand repeated pressing 
1 

6a sponge easy to detach from electrode 1 

8 Inaccurate electrode position 1 

9 
Unstable current quality resulting longer 

setting 
1 
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INTRODUCTION 

The industry revolution 4.0 is changing 

the landscape of manufacturing industry. The 

revolution is increasing complexity of 

manufacturing process. The operators of modern 

industrial plants face additional challenges 

because of the increased complexity Nazir et al. 

[1]. Due to increasing complexity of the 

manufacturing process, the traditional training for 

the new operator is no longer effective. The skill 

gap between the experienced operator and new 

operator is an issue for most of the manufacturing 

industry. The case study company faces the same 

problems. The company is one of the leading bus 

body manufacturers and bus assemblers 

However, the skill transfer process can be 

improved by the contemporary technology which 

is AR application 

 

EXPERIMENTAL SETUP 

The methodology of this study was 

referred to [2]. This methodology is systematic 

and suitable for the selected case study. By 

referring to the Figure 3, the methodology is 

started with the concept development of AR 

application. The several concepts of AR 

application need to be designed and proposed to 

the process engineer. The process engineer is 

responsible to rate the concepts of application 

base on criteria, if rating of the concepts is lower 

than average rating, the new design of AR concept 

must be proposed again. The purpose of this step 

is to find the best concept of AR application that 

is most suitable to the case study. Next, the step is 

assembly process selection to select the assembly 

process that is fit on this final year project. There 

are many processes that can implement AR 

application. However, due to the constraint of 

time of this final year project, the process must be 

optimum in considering the time constraint and its 

effectiveness of implementation. If rating of the 

processes is lower than average rating, other 

processes must be proposed. 

An evaluation is conducted by using that 

a common quantitative method and 

questionnaires [3]. The quantitative method is 

collecting time taken to complete the assembly 

and number of human errors in the assembly 

process with the augmented reality guide and 

manual work instruction guide respectively. 

Besides, the qualitative analysis is used which is 

questionnaires to assess the experience of the 

users. The questionnaire was developed based on 

the questionnaire used in and aims at assessing 

acceptability in the aspects of ease-of-use, 

satisfaction level, and approval. 

 

RESULTS AND DISCUSSION 

 

 
Figure 1: The average score in each question 

 

From Figure 1, the highest average score is 

question 5 which its scoring is 4.6. Referring to 

Table 1. question 5 is used to analyze 

comprehensiveness of AR application. The 

highest scoring in question 5 indicates that the AR 

application has high level of understand 

presentation of the content to the workers. 

Besides, question 2 and question 6 have the same 

average score 4.2 achieving second highest 

average score. The question 2 is to analyze the 

helpfulness of AR application to solve the current 

issues in the assembly process. 

 

Table 1: Experience survey question 

 

No Experience survey questions 

1 The system was user friendly and 

ergonomic 

2 AR system was helpful to solving 

the issues in this assembly process 

3 It was easy to interact with the 

system. 

4 It was enjoyable to use the system. 

5 I found the AR system easy to 

understand 

6 I found it easy to use the AR 

system to complete the assembly 

process. 

7 I felt that I performed quickly 

with the AR system. 

8 If I had to use an AR system like 

this on a regular basis, this is a 

technique I would appreciate 

having available. 
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Table 2: Comparison of time taken and 

improvement summary 

Parameters Experienced 
worker 

New 
worker 

Assembly cycle time 
with work instruction 
manual guide, minute 

46 93 

Assembly cycle time 
with AR guide, 
minute 

22 43.33 

Improvement in time, 
minute 

24 49.67 

Improvement in 
percentage, percent 

52.17 53.41 

 

 

By referring to Table 2, the improvement in cycle 

time on both experienced workers and new 

workers are up to 50 percent. On experienced 

workers, the cycle time is reduced from 46 minute 

to 22 minute and reduction is 24 minutes. On the 

new worker, the cycle time is reduced from 93 

minute to 43.33 minute and the reduction is 49.67 

minutes. The percentage of cycle time 

improvement on the experienced workers are 

52.17 percent while on the new workers is 53.47 

percent. The percentage of cycle time 

improvement on the new workers is slightly 

higher than experienced workers, it indicates that 

the AR application is more effective on the new 

worker, Hence, it directly indicates that the AR 

application can be the training kit for the new 

workers. 

 
Figure 6:(a) Efficiency of experienced worker 

using two different types of guidance(b) 

Efficiency of new worker using two different 

types of guidance 

 

By referring to Figure 6(a) and Figure 6(b)both 

figures show that the AR application can 

significantly reduce the assembly cycle time. In 

the Figure 6(b), the Figure shows that the AR 

application can reduce the assembly cycle time 

for new worker. This result indicates the AR can 

be the training kit to guide the new workers to 

work 

Based on the results, the developed prototype of 

AR application can improve the assembly 

process. One of the improvements is shortening 

the cycle time of assembly process which similar 

with findings in [4]. One of the findings of the 

paper is that the AR application shorten the cycle 

time to perform the assembly processes. Another 

justification to valid the comparison of result is 

that the concept of AR in the mentioned is similar 

with of prototype of this case study project. Both 

prototypes are is applying handheld tablet or big 

screen of mobile phone to deploy the AR 

application with overlay display. Moreover, [5] 

support results that the AR application can speed 

up performance in works. 

 

CONCLUSION 

The prototype of AR-based instruction manual is 

successfully developed. The demonstrated 

functionality of the AR application has great 

potential to experienced workers as well as new 

workers to use it as training kits. Besides, it also 

increases the understanding level of the work 

procedures of an assembly process. 
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INTRODUCTION 

Over recent years, there has been an 

explosive growth of passenger to 8.2 billion in 2037 

as China will monopoly the market in the next ten 

years [1]. The space saving concept that become a 

trend for airlines operator is achieved by increase the 

density of the number of seat in one aircraft. The 

increase number of seat has increase the weight of 

the aircraft which not only consume a lot of fuel but 

it also contributes to the emission of greenhouse gas 

[2].  

 

METHODOLOGY 

The process of designing is divided into 

three sections where is start with preliminary design, 

strengthen design and topology design. All the 

design process is done in SolidWorks which focus 

on the primary structure of the aircraft passenger 

seat.   

For the FEA section, the simulation is done 

in Abaqus software with focusing into three 

different load condition which are 9G, 4G and 6G 

which based on SAE AS8049(A) requirements. The 

mesh convergence study as the final step to ensure 

that maximum stress is produced. In this paper, the 

deflection of the structure are also being recorded to 

ensure that the value of the deflection is not too high. 

 

RESULTS AND DISCUSSION 

For the 9G load condition (Figure 1), the 

mesh sensitivity study shows that seat rest has a 

good converging result. At the number of elements 

at 314961, the maximum stress 198.3 MPa and the 

safety factor is at 1.772. The deflection also of the 

rod shows the small value which around 3.91mm 

which is still not huge change that can affect the 

structure. 

Figure 2 shows the 4G load condition as the 

mesh sensitivity study show that it converges nicely. 

At the number of elements of 775907, the maximum 

stress produced is 205.75 MPa and the deflection on 

the seat frame is 2.18mm which still does not in a 

big scale.  

For Figure 3, the mesh density or number 

of elements for the seat pan is quite high compared 

to the seat rest. This is due to the large coverage area 

for the element to occupied. The number of element 

increases alongside the value of maximum stress. At 

the maximum stress, the stress that simulates is 

104.3 MPa with the 3801936 of mesh density. The 

deflection of the seat pan also shows the minimum 

change of circular rod which is around 0.3765 mm.

  

 
Figure 1: Mesh convergence for seat rest at 9G load 

condition 

 

 
Figure 2: Mesh convergence for seat rest at 4G load 

condition 

 
Figure 3: Mesh convergence for seat rest at 4G load 

condition 

 

CONCLUSION 

The minimum safety factor requirement for 

all load conditions are still above minimum 1.5 and 

the weight of the structure followed the needed of 

lightweight seat.  
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INTRODUCTION 

  The objective of the study is to compare 

between behaviour in term of theoretical 

formulation, definition and the end results on 

Conventional and Continuum shell element by 

improving the limitation and finally applied to 

carbon laminates case. Continuum defies it shell by 

nodal geometry whereas conventional shell is on the 

mid plane as the reference. Both uses Kirchhoff and 

Reissner Midlin assumption and compute it 

mathematical formulation. On the conventional it 

reduce the effect of transverse shear while the 

continuum model base on the nodes and later shell 

thickness. Reduce integration is use to improve 

locking and modelling of composite on multiplies on 

continuum and single layer on conventional shell. 

Economically, conventional shell is a good 

investment but continuum is good accuracy.[1] 

 

EXPERIMENTAL SETUP 

Beam problem of 2 plies and 3 point 

bending problem on 12 plies oriented symmetrically 

is the cases studied. Processing of the element in 

term of applying defining the geometry, interaction, 

boundary condition, meshing of both cases. The 

mesh convergence study also computed and the data 

is plotted. 4.4822N is applied on beam problem 

throughout the shell element and 70 N is applied on 

the continuum. Load and displacement is also 

plotted on 3 point bending by increasing the load to 

210, 300, 350 and 480 N. the gradient equation is 

plotted for the gap between the continuum and 

conventional result. The CPU for convergence 

study, number of element and the stress and 

displacement and the storage size is obtain and 

plotted  

 

RESULTS AND DISCUSSION 

For beam problem, the modelling using 

continuum shell has more accuracy than 

conventional shell in term of its displacement as 

verified by [2] in his experiment. This inaccuracy is 

result of the conventional shell overestimate the 

effect of transverse stress and the transverse shear. 

The continuum shell also from both problem uses 

more time, space and elements than conventional 

shell in Figure 1 a reason on this is that continuum 

shell uses a node geometry so the formulation is 

much bigger than conventional shell.  

Load against displacement result is plotted, 

both continuum and conventional show an almost 

linear graph and presented a numerical ratio that can 

be formulated its equation. In this case, we are able 

to improve the accuracy of conventional shell by 

formulating the gradient ratio and a new gradient 

ratio equation. As for this most of the stress and 

strain and load and displacement before the failure 

to plasticity the elastic curve, the result of continuum 

can be predicted as in Figure 2. 

 

 
y= 53.28% (x) + x     

 
(1) 

 

 
Figure 1: Beam Problem of its displacement. 

 

 
Figure 2: Elastic Curve of continuum and conventional 

shell 

 
CONCLUSION 

Conventional shell can be modelled and the 

huge gap to the continuum shell result can be 

formulated so that we can use shell element with any 

bucklessness. Conventional show is loss in accuracy 

but improve by the ratio of 53.28% 
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INTRODUCTION 

  The objective of the study is to compare 

between behaviour in term of theoretical 

formulation, definition and the end results on 

Conventional and Continuum shell element by 

improving the limitation and finally applied to 

carbon laminates case. Continuum defies it shell by 

nodal geometry whereas conventional shell is on the 

mid plane as the reference. Both uses Kirchhoff and 

Reissner Midlin assumption and compute it 

mathematical formulation. On the conventional it 

reduce the effect of transverse shear while the 

continuum model base on the nodes and later shell 

thickness. Reduce integration is use to improve 

locking and modelling of composite on multiplies on 

continuum and single layer on conventional shell. 

Economically, conventional shell is a good 

investment but continuum is good accuracy.[1] 

 

EXPERIMENTAL SETUP 

Beam problem of 2 plies and 3 point 

bending problem on 12 plies oriented symmetrically 

is the cases studied. Processing of the element in 

term of applying defining the geometry, interaction, 

boundary condition, meshing of both cases. The 

mesh convergence study also computed and the data 

is plotted. 4.4822N is applied on beam problem 

throughout the shell element and 70 N is applied on 

the continuum. Load and displacement is also 

plotted on 3 point bending by increasing the load to 

210, 300, 350 and 480 N. the gradient equation is 

plotted for the gap between the continuum and 

conventional result. The CPU for convergence 

study, number of element and the stress and 

displacement and the storage size is obtain and 

plotted  

 

RESULTS AND DISCUSSION 

For beam problem, the modelling using 

continuum shell has more accuracy than 

conventional shell in term of its displacement as 

verified by [2] in his experiment. This inaccuracy is 

result of the conventional shell overestimate the 

effect of transverse stress and the transverse shear. 

The continuum shell also from both problem uses 

more time, space and elements than conventional 

shell in Figure 1 a reason on this is that continuum 

shell uses a node geometry so the formulation is 

much bigger than conventional shell.  

Load against displacement result is plotted, 

both continuum and conventional show an almost 

linear graph and presented a numerical ratio that can 

be formulated its equation. In this case, we are able 

to improve the accuracy of conventional shell by 

formulating the gradient ratio and a new gradient 

ratio equation. As for this most of the stress and 

strain and load and displacement before the failure 

to plasticity the elastic curve, the result of continuum 

can be predicted as in Figure 2. 

 

 
y= 53.28% (x) + x     

 

(2) 

 

 
Figure 1: Beam Problem of its displacement. 

 

 
Figure 2: Elastic Curve of continuum and conventional 

shell 

 

CONCLUSION 

Conventional shell can be modelled and the 

huge gap to the continuum shell result can be 

formulated so that we can use shell element with any 

bucklessness. Conventional show is loss in accuracy 

but improve by the ratio of 53.28% 
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INTRODUCTION 

Nowadays, the bone graft has high demand 

and the donator less .Therefore many augment bone 

repair and regeneration requires a bone graft or 

scaffold. The engineer has create the synthetic bone 

graft. Among materials for bone platforms, metallic 

biomaterials, for example, stainless steel, cobalt-

chromium alloys, and titanium alloys are the ones 

most utilized when a mechanical load is available. 

However, despite their high mechanical strength and 

fracture toughness [1], the hardness can make the 

bone broken. This disadvantage has open the new 

era in biodegradable metals.  

The metal is iron, zinc alloys, magnesium 

and its alloys are the most investigated 

biodegradable metals for their potential application 

as biomedical implants this metal and its alloys 

possess interesting mechanical properties similar to 

that of human bone. 

 

METHODOLOGY 

              The firs method, using Solidworks to draw 

3 model bone scaffold. This 3 model has different 

porosity which is 20%,40% and 60%.Then using 

section technique for to get the section every 

increment 0.025mm.Using this section image in 

Image J. Using Image J is to calculate the 

BV/TV,Tb.Th and Tb.Sp. lastly, using abaqus for 

finite element analysis. Using this, must put the 

mechanical properties, displacement, and size global 

.Then it can simulate the model.  

  

RESULTS AND DISCUSSION 

Figure 1 shown that model A is the highest 

between two models. From this model 

A has highest modulus. It mean that the decreasing 

BV/TV will affect the modulus and modulus also 

decreasing. 

From other aspect, model C has the highest porosity 

than two model. From this model C has the lowest 

modulus. It mean the increasing porosity will affect 

the modulus and modulus will decreasing. 

 Figure 2 shows modulus has decreasing. 

This happen because it stiffness has decreasing. This 

decreasing happen because 4 model has different 

morphological characteristic and parameter. The 

highest porosity will affect the modulus, stiffness 

and area under the graph.  

 

 

 

 
Figure 1: The relation BV/TV and porosity with modulus 

 

 
Figure 2: Stress vs Strain 

 

CONCLUSION 

We have shown the highest porosity will 

have the smaller value of modulus. Hence, 

morphological indices will affect the mechanical 

properties. 
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INTRODUCTION 

Tissue engineering can provide solutions 

that can replace the currently used tissue repair 

solutions including transplants, surgical 

reconstruction and mechanical devices. In addition, 

the need of effective regenerative treatment is on the 

rise pertaining to the rapidly aging population, 

growing lifestyle disorders such obesity, diabetes 

and growing in trauma cases.   Bone scaffold were 

created by a wide scope of the biomaterials. Rather 

than metallic biomaterials, others than that have 

been created is unsuitable for load bearing purposes 

[1]. By utilizing load bearing bone scaffold, patients 

will ready to speed up in performing out their every- 

day lives exercises which could likewise add to a 

superior mending process [2]. 

 

METHODOLOGY 

For this study, a methodology of 

experiments were done by using only the facilities 

provided at Faculty of Mechanical Engineering 

Universiti Teknologi Malaysia. By following 

instructions and safety guidelines, all the 

experiments were done successfully and safely as no 

injury at all has been reported. The mechanical 

testing is conducted in this study to investigate the 

mechanical properties of iron porous scaffold of 

20%, 40% and 60% porosity. The properties and the 

characteristics such as stress, strain, young modulus, 

yield strength and compressive strength value are to 

be investigated in this study. Compression test was 

performed using a universal testing machine (The 

FastTrack 8874, Instron, Norwood, USA). The 

mechanical properties of the porous Fe specimens 

before and after the immersion tests were evaluated 

under the compression test, at a strain rate of 

0.005mm/s untill 30% strain. The Compressive 

strength, Yield strength, and Young's modulus were 

determined as per the ASTM D1621 and ISO 844 

standards. Three repetitions were done. 

 

RESULTS AND DISCUSSION 

In Figure 1, the stress strain curve of solid 

and porous Iron under the compression test at 

different porosity is shown. All of the graph show 

the behavior of ductile material, the resulting strain 

is proportional to the magnitude of the forces. The 

straight-line implies that stress and strain share a 

linear or direct relationship throughout elastic 

region, the material obeys the Hooke’s law. Beside, 

point at the end of the elastic region is called the 

proportional limit because beyond this point, stress 

and strain cease to share their linear relationship. 

Solid sample also compressed to set as a benchmark 

to another sample. The trend of the graph show the 

decreasing value of stress as the level of porosity 

increased. The average difference in Young’s 

modulus for all sample as the level of porosity 

increase is observed to be big. The effect of different 

porosity has greatly affect the Young’s modulus of 

Iron. From the stress strain curve the value of Yield 

strength also can be obtained. First, yield point for 

every sample has shown on the curve. Yield point is 

the point on a stress strain curve that indicates the 

limit of elastic behavior and the beginning of plastic 

behavior. The highest compressive strength 

obtained from the experiment is Solid sample that is 

612.62 Mpa and the lowest value of compressive 

strength is Sample C, 183.40 Mpa. 

 

 
Figure 1: Stress strain curve for solid and porous sample 

 

CONCLUSION 

The different porosity level used showed 

significant decrease in mechanical properties of the 

porous Iron. We have exhibited that the level of 

porosity may be used as a dependent parameter to 

evaluate bone structure and adds to the predictive 

power of porosity to clarify the Young’s modulus, 

Yield strength and Compressive strength of human 

cancellous bone. Besides, this method requires 

further approval over a more extensive range of 

porosities and cancellous bone tissues, its potential 

has been demonstrated. 
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INTRODUCTION 

Over recent years, magnesium material has 

been centre of interest as the most suitable material 

for cancellous bone replacement. This is because it 

satisfies the requirement for bone remodelling 

which are allows new tissues growth which is from 

the structure porosity, have load bearing function as 

well as allow nutrient transport. Porous pure 

magnesium is a good material for bone replacement 

because the mechanical properties of the material 

can be manipulated close to mechanical properties 

of cancellous bone [1].  

Major different on the mechanical 

properties of the material with the bone can only 

cause to failure. Very high young’s modulus than the 

one can cause stress shielding in the bone as the 

stiffer material tend to handle all the load and 

prevent the load from reaching throughout the whole 

bone and making the bone become weaker and not 

fully develop. This is because, bone will develop in 

response to the load it is placed under according to 

Wolff’s law [2].  

 

EXPERIMENTAL SETUP 

This section presents the simulation setup 

for the system. We used SolidWorks for CAD 

modelling and Abaqus for finite element analysis. 

The CAD model need to have high porosity (20% - 

95%) in order to satisfy mimicking cancellous bone. 

During initialize of Abaqus, pure magnesium 

properties is inserted which are density of 1.74E-9, 

Young’s Modulus is 3500MPa and poison ratio of 

0.35.  As for boundary condition, the bottom of the 

model need to be fixed (Encastre) and the top of the 

model will undergo displacement.  

 

RESULTS AND DISCUSSION 

At the end of compression test simulation, 

a graph of strain-stress curve plotted in order to 

determine the young’s modulus of each models. The 

stress – strain curve shows only on the elastic region 

as it is the only region we interested. Figure 1 shows 

the young’s modulus of each models. Based on the 

trend alone, it shows decreasing trend as the smaller 

size geometry tend to have higher young’s modulus. 

For bulk, it shows similar trend toward unit cell.  

To observe the different young’s modulus 

between the models, we can explain from Hooke’s 

Law equation (𝜎 = 𝜀𝐸) [3]. The Hooke’s law can be 

manipulated and have directly proportional to the 

stiffness as the smaller size geometry tend to be 

stiffer compare to bigger size. The compressive 

strength is determines using Von Mises Stress 

Criterion as shown in Figure 2 as smaller geometry 

need more energy in order for the model to deform.   

 
Figure 1: The young’s modulus of all the models. 

 

 
Figure 2: The compression strength of all model based on 

Von Mises Stress Criteria. 

 

CONCLUSION 

Based on the results, both bulk model young’s 

modulus is near to cancellous bone which is 

acceptable. However, bulk of 1mm is the closest 

hence it is a better structure for bone replacement. 
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INTRODUCTION 

Miniature Jong races were the popular 

events in Johor in the 1940s, 1950s and 1960s 

especially among those living in coastal areas. The 

performance of sailing boat in any competition are 

very important in order to be the best. The people do 

not practice this knowledge in the tournament. The 

study of performance and resistance prediction have 

not been done before. people have lack of naval 

architecture theory in design the Jong sailboat and 

the study of main hull parameters at the predesign 

state are very essential. Resistance test can be 

conducted to the Jong sailboat to predict the 

behaviour and other characteristic of the Jong 

running at certain speed and conditions. This is 

important to improve the performance of the Jong by 

minimize the hull resistance and increase the 

speed[2]. 

 

EXPERIMENTAL SETUP 

There are various methods used for 

evaluating the model’s resistance that are used 

commonly. In the present, modern methods to 

perform ship resistance evaluation are based on CFD 

(Computational Fluid Dynamics), an easy and less 

time-consuming application. The accuracy of the 

CFD analysis is proven accurate, and most naval 

architects use this method instead of towing tank 

experiment method which is slow and time 

consuming [1]. This research is a resistance 

determination for a planing hull using CFD 

approach. There are two types of planning hull been 

compared which is round bottom hull and v-hulls. 

All the process of the design of the hull is using 

Rhino and Maxsurf. The CFD analysis was 

performed using Ansys Fluent [3].  

 

RESULTS AND DISCUSSION 

In this study, the results are obtained from 

the simulation program are for both model’s round 

bottom hull and v-hulls. The data obtain been 

analyse for prediction of resistance of the hull in 

steady state. The simulation program produced the 

results in term of total resistance of the simulations. 

The round bottom hull indicate Model A and the V-

hull indicate Model B in the simulation. 

 

 
Figure 5: Graph resistance versus draft 

 
Figure 6: Graph resistance versus speed 

 

The objective of this study resistance was 

successfully achieved which is to evaluate the 

resistance of a sailing Jong. In this study, there two 

type of hull of Jong sailboat has been compare round 

bottom hull and v hull. The graph plotted using the 

obtained data give a slight pattern of exponential 

graph. The graph of resistance against draft show an 

increasing pattern. The line graph for Model A show 

higher result compare to the Model B. This show 

Model A show more resistance impact than Model 

B. The graph of resistance against speed been 

plotted show steady increase pattern. Moreover, the 

gap value of resistance different increase as the 

speed increase which show that round bottom hull is 

not applicable at high speed compare to the v-hull 

shape. The analysis of V-hull shape shows reduced 

amount of resistance result compare to the round 

bottom hull. 

 

CONCLUSION 

From the study, it can be concluded that Model B 

show reduced amount of resistance result compare 

to the Model A. This indicate that as the running 

speed and draft of the hull increased, then the total 

resistance will also, be increased. Lastly, this show 

that by changing the hull shape and optimize the hull 

is one method for resistance improvements of the 

sailing Jong. 
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INTRODUCTION 

The velocity for the underwater vehicle 

was low due to the viscosity friction that the vehicle 

undergoes as the vehicle moving. Therefore, the 

supercavitation resistance reduction technology, 

most of the body surface of the vehicle will be 

wrapped with the cavities that results the cut off the 

contact of the liquid with the surface. This 

advantages to supercavitating vehicle received a 

large amount of attention paid by researchers [1]. 

With the application of supercavitation, part of the 

fin surface is wrapped in a cavity. This may affect 

the normal operation of fin stabilizers [2]. 

 

 

EXPERIMENTAL SETUP  

Environment condition setting. The size of 

the calculation domain is 7m in length, 4m in height, 

and 4m in width. The direction of the flow from the 

x-axis negative axis to the x-axis positive axis. 

Geometric condition setting. This article uses 

NACA0012 fins, the span is 3.11m, the chord length 

is 2.59m. Fin boundary conditions set to wall, wall 

model set to free-slip. 

       Material condition setting. The water 

density is set to 998.3 kg/m3, the operating 

temperature is set to 288.15 K the viscosity model is 

set to newtonian, the dynamic viscosity is set to 

0.001 Pa/s. Simulation condition setting. 

Refinement algorithm is set to adaptive refinement, 

resolved scale is set to 0.8, target resolved scale set 

to 0.01m. 

 
 

RESULTS AND DISCUSSION 

This research focuses on the hydrodynamic 

analysis on the supercavitated. 

 

 
Figure 1: Drag Characteristics of Fin Stabilizer 

 

 
Figure 2: Lift Characteristics of Fin Stabilizer 

 
 For the lift forces and drag forces of fins 

wrapped with supercavity was lower than normal 

fins stabilizer. As the angle of attack increases, the 

different between two fins condition gradually 

increases. 

      It can be found by observing that the area 

of the downward surface of the fin stabilizer is 

enlarged with the supercavity when the angle of 

attack increases. The area of the upward surface of 

the fin stabilizer is smaller when the angle of attack 

increases.  

When the angle of attack is close to 30 

degrees, the lift of the fin stabilizer begins to 

decrease. The area of the supercavity wrapped on fin 

stabilizer has been more than 50%, fin stabilizer 

began to stall and may cause the ship to swing 

sharply and cause the ship to capsize. To prevent this 

situation, a dead zone should be set for the range of 

the fin stabilizer. 

 
CONCLUSION 

The drag of the fin stabilizer wrapped with 

supercavity is smaller than the drag of fin stabilizer 

in normal condition. These situations are same for 

lift. The area of the fin wrapped in the supercavity 

increases as the angle of attack increases. The parts 

that are not covered by the supercavity provide most 

of the lift. Therefore, it is necessary to set a limit 

switch to prevent the stall. 

      When the angle of attack is reach 30 

degree, a larger separation zone appears on the upper 

fin surface. As the angle of attack reaches a critical 

value, the lift reaches its maximum. If the angle of 

attack is increased, lift will not increase but fall 

backward which resulting in stall. The set of limit 

the range of motion of the fin stabilizer was 

necessary. 
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INTRODUCTION 

The efficiency of the ship is very important 

to ensure the ship working in a good performance. 

The main factor that influences the efficiency of the 

ship is ship resistance. To know the resistance effect 

is very important to ship operators. This because 

ship operators must find a balance between voyage 

costs, i.e. increase in fuel costs or reduced speed, and 

maintenance costs [1]. Thus, low ship’s resistance, 

which results in decreased fuel consumption, 

increased ship speed and decreased engine stress [2].  

 

EXPERIMENTAL SETUP 

 The differences in resistance 

characteristics of conventional and unconventional 

ships is analysed. The conventional ship is 

representing as Catamaran and unconventional ship 

will be represented as Semi-SWATH. In analysing 

ship’s resistance, the size of the model was modified 

by adjustment the length of the ship and the Froude 

number.  

 The resistance performance of catamaran 

and semi-swath is obtaining from Computational 

simulation using CFD (Computational Fluid 

Dynamics). Hence, the accuracy of simulation result 

will be compare with experiment result for both 

catamaran and semi-SWATH. The experiment 

result was collected at UTM Marine Technology 

Centre.  

 

RESULTS AND DISCUSSION 

The total resistance for both models was 

analyzed based on ANSYS CFD program. The 

differences of resistances characteristics between 

two type of ship has been determined. In this result, 

the graph comparison between conventional and 

unconventional was provided. In addition, the graph 

comparison between simulation and experiment also 

provided for validation purposed. The resistance 

component was determined by using ITTC 1957 

method. 

 

 

Figure 1: Resistance Comparison Between Catamaran 

and Semi-SWATH 

 
Figure 2: Wave Making Coefficient Comparison 

Between Catamaran and Semi-SWATH 

 

 
Figure 3: Resistance Comparison Between Simulation 

and Experiment for Catamaran 

 

 
Figure 4: Resistance Comparison Between Simulation 

and Experiment for Semi-SWATH 

 

CONCLUSION 

The resistances behavior had been 

successfully analyzed and the comparison for 

conventional and unconventional hull form 

completely determines. The performance of 

resistance characteristics for the unconventional hull 

is better than the conventional hull.  
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INTRODUCTION  

Humans have always been curious about 

the powers and capabilities of their brains, and 

scientists have been seeking ways to control its 

amazing feats. A new field of research has been born 

that focuses on a growing technology called brain 

stimulation where healthcare professionals can 

modify the brain to treat diseases. Some recent 

organizations have published astonishing results 

that can lead to the future of medicine and 

completely change the approach physicians take 

with the treatment of diseases. Stimulating the brain 

with a low current that is focused on specific regions 

of the brain has been shown to modify brain function 

and treat various neurological diseases. Transcranial 

direct current stimulation   (tDCS)   has   been   an   

effective   and   life changing alternative treatment 

for a vast range of neurological conditions including 

depression, epilepsy, stroke  rehabilitation,  

addiction  and  chronic  pain  but only if it is 

administered correctly. This study focuses on the 

analysis of electrode positioning for mental illness 

device   and   the   design   development   of   

electrode housing. Data is collected with 

questionnaire and interview in order to develop a 

product design that fulfill the consumer 

requirement. Moreover, the developed design is 

going through design analysis and further 

improvement in order to produce the best final 

design.  

 

PROJECT OBJECTIVES  

The aim of the study is to analyse the 

electrode positioning for mental illness stimulation 

device and designing the electrode housing for the 

mental illness device.  

 

METHODOLOGIES  

The methodology of this study started with 

data collection. The data collection method used in 

this study are survey and interview. The data obtain 

from the survey and interview will be used in the 

conceptual design development process. the concept 

design will go through scoring and further 

improvement to come up with the final design.  

 

RESULT AND ACHIEVEMENT  

After going through design process and 

design analysis, the final design can be developed. 

The final design is the upgraded version of the 

conceptual design 1 that was selected with the 

design selection metric.  The design consists of four 

parts. The parts assembly is divided into two, the 

electrode housing and the housing base. The 

electrode housing is the assembly that used to house  

 

the electrode for mental illness stimulation devise. It 

is key component of the device as its function to 

deliver the direct current for the treatment, the 

housing base on the other hand, is attach 

permanently on the head gear to act as base or 

platform for electrode housing to be attach to. 

 

 
 Figure 1: Final Design (disassembled) 

 

This design is using a better Snap-On 

mechanism that is less complicated than the 

previous version. This Snap-On design eliminates 

the reliability problems on the previous design 

which using the spring type Snap-On. Spring type 

Snap-On have the tendency to break or loss its 

elasticity after long period of usage.  
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INTRODUCTION  

This thesis describes the development 

mental illness stimulation wearable for Malaysian 

population. Mental illness stimulation wearable 

develops for patient of mental illness to use as their 

treatment for overcome their mental illness disease. 

In way to develop mental illness stimulation 

wearable, data collection and analysis will be done 

to collect the suitable size and comfortable wearable 

for the patient. Design process needed to satisfy user 

requirement for this mental illness stimulation 

wearable. Ergonomic can be defined as the scientific 

study of interaction between man-machine at 

workplace. Basically, ergonomic objectives are to fit 

man and machine together to improve the worker’s 

performance and reduce fatigue and stress of the 

workers at workplace.  Application of the 

ergonomics is very useful and significant in area 

where manual activities affect physical and mental 

health of the workers directly [1].Ergonomics also is 

one of the safeties and health components that if 

implemented will contribute to job satisfaction. 

[2].There has been little progress in reducing the 

burden of mental illness around the world, 

prompting calls for improved access to quality 

mental health care and assessment of mental 

disorders and for “programs to prevent mental 

disorders and promote mental health” [3].The 

distinction between mental disorder and mental 

health is a fundamental underlying element of this 

call for improvement, but this important distinction 

is often misunderstood. 

 

PROJECT OBJECTIVES 

Based on the problem statement, this 

research is conducted in order to achieve the target 

and objectives. The objective of this project is to 

classify classes of head profile for Malaysian 

population and to analysis main class of head profile 

for Malaysia Population. Design mental illness 

stimulation device wearable is the main objective. 

 

METHODOLOGIES 

Question been release to hospital that 

having mental illness patient. For this research, this 

questionnaire been responded by Hospital Permai 

and Hospital Sultanah Aminah (HAS), Johor Bahru, 

Johor. From the respond, I got information of 

existing mental illness wearable that being use and 

its usage are support by using slime gel, 20-30 

minutes duration and unfixed positional of hole for 

the electrode Besides, I receive feedback from 

respondent on design wearable requirement of 

future mental illness wearable. Interview held at 

Department of Psychiatry, Hospital Sultanah 

Aminah, Johor Bahru, Johor. Dr Marina from  

 

Department of Psychiatry, Hospital Sultanah 

Aminah, Johor Bahru, Johor help me for some data 

collection in this interview. From the interview, I 

received statistical data for mental illness and 

statistical data for major group of age for mental 

illness patients. Besides, I get to know the effect 

from existing mental illness wearable are not 

portable, fixed sizes and not safe (burn mark to 

patient head). 

 
DESIGN PROPOSED 

 
 

 

Using material of Neoprene Nylon. This 

design requires to flexible and elastic. From material 

selection matrix, Neoprene lead other material. So, 

this design has to suggest of material depend on part 

of the wearable. First suggestion, all part of 

wearable is from Neoprene and for the second 

suggestion is all part made from Neoprene except 

the belt support form rubber because the belt support 

have to used material that have high elasticity. 

Neoprene is available within 1 to 35 mm thickness 

and for this design. Three millimetre of thickness 

being use. (Neoprene: ASTM D 2000, SAE J-200: 

BC-BE). The advantages of Neoprene as the 

material are polychloroprene (PC- Rubber), 

synthetic rubber, latex, electrical insulation, high 

Burning Point (260 Degree/500 Fahrenheit), 

waterproof and, elastic. 
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INTRODUCTION 

Reliability Centered Maintenance II (RCM 

II) is one of the most currently implemented 

maintenance strategies in most chemicals plant 

around the world. But this RCM II has not been 

implemented yet in Emery Oleochemical plant. So, 

RCM II seems to be one of the tools used to 

determine the right maintenance task for all pumps 

in EOS Plant at this company. The main objective of 

RCM II is to preserve the system function of the 

pump in each plant. RCM II also will identify and 

prioritize the failure modes that can affect the 

system function by using Equipment Critical 

Analysis (ECA) and Failure Mode and Effect 

Analysis (FMEA) method. Then, it will select the 

applicable and the most effective tasks in order to 

control the failure modes. 

METHODOLOGY 

This section presents the methodology of 

the research. Firstly, a discussion with a manager of 

Mechanical Department in this company to get the 

confirmation in order to get the research data was 

done. Then, the risk parameter was determined and 

the ECA was start to develop. From the analysis, the 

critical pump was identified and classified into Rank 

A, B and C.  After that, the most critical pumps with 

Rank A classification were selected to be analysed 

on FMEA. Next, the development of FMEA was 

started after all the data of Rank A pumps have been 

collected. Finally, the recommended action was 

proposed on each Rank A pumps in order to 

overcome the maintenance problem in this 

company. 

 

RESULTS AND DISCUSSION 

From Table 1, the total number of the pump 

which have classified into Rank A, Rank B and 

Rank C was 3, 6 and 13 respectively. The pump 

number 2, 14 and 19 in the ECA tools also known as 

feed pump (P1201), blower pump (K1201) and 

thermo oil pump (TOHPO1) were classified as Rank 

A pumps because the pumps have risk value > 100. 

Hence, all these three pumps need to be considered 

as a first priority action plan in EOS Plant. 

Besides that, from Table 2  the main part 

that frequently breakdown in the pumps was the 

bearing part, motor pumps, mechanical seal, 

impeller, V-belt, and gear shaft. Each of these parts 

have their own potential causes that lead to the 

potential failure mode to the pump One of the 

FMEA was done on TOHPO1, the oil refilling part 

has the higher RPN which is 576 compared to other 

part. This is because of the thermo oil contaminated 

with water that will affect the pump operation. The 

bearing part in the pump also frequently breakdown  

 

because of the vibration of the pump was too high 

during operation. So, the gear shaft will rotate 

unsteadily and make the bearing cannot enhance the 

resistance of the shaft. 

 After the problem has been highlight in the 

FMEA, the action plan will be suggested in order to 

overcome the problems. TOHPO1 was come out 

with a new design of concrete plinth and base plate 

that can prevent the thermo oil contaminated with 

water as shown in Figure 1.  

 
Table 1: ECA Table for 22 Pumps in EOS Plant 

 
Table 2: FMEA for TOHPO1 

 

 

 

 

 

 

 

 

CONCLUSION 

By using Equipment Criticality Analysis 

(ECA) and it was able to classified the pump into 

Rank A, Rank B and Rank C. Then, by using failure 

mode and effect analysis (FMEA), the significant 

characteristic that lead to pump problems is 

identified and able to provide the solution. Besides 

that, the new design of concrete plinth and base plate 

for thermo oil pump also produced. 
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INTRODUCTION 

Currently, firefighter’s suit made of 

material that is high in weight per volume and need 

to be improve. Aerogel is a solid material that have 

impressive properties which are specifically in its 

density, thermal expansion and thermal conductivity 

that have in very low value. These remarkable 

properties make it to become one of lightest solid 

and have better heat insulation than current 

firefighter’s suit material. Aramid honeycomb use 

as frame structure of the composite not only good in 

flame retardant but also an effective structure to 

increase strength and stiffness of structure from 

core. [1,2] 

 

EXPERIMENTAL SETUP 

This section presents experimental setup 

for this flame retardant test. Laboratory flame test 

are prime method of qualifying fire-resistant 

materials for use [3]. Thermocouples were clamp at 

both side of the composite surface to measure the 

temperature difference when heat applied from 

flame torch. Data logger (pico technology USB TC-

08) were used for temperature measure of both side 

of surface. The flame torch was then directed to 

composite surface with distance 1cm from surface 

composite and flame torch source. The experiment 

stops until the back temperature reach 43°C as skin 

starts to irritate when further increase according to 

[4]. 

 

RESULTS AND DISCUSSION 

The exact temperature of the flame 

measured is 660°C as illustrates in figure 1. 

Temperature difference is 617°C of heated surface 

and back surface with nearly the same thickness of 

4mm composites. Figure 2 shows the different in 

layer of composites varies in time to reach 43°C. 

From the graph can be observe the full layer 

composite marks as the longest time to reach exact 

temperature which is 54 seconds. Next, composite 

of no aerogel which need 28 seconds to reach the 

temperature which the layer prepared is same as the 

full layer composite just no aerogel presence. The 

second most time to reach the temperature is 35 

seconds which is without aerogel layer composite. 

Meanwhile, the commercial aerogel composites and 

RHA aerogel composites share the same time for 

both to reach 43°C. 

Comparing the burning rate, full layer 

composite has it the lowest which is 0.23 which 

marks the longest time. Without aerogel composite 

also can be observe to be low which is 0.28. 

Moreover, as for no aerogel composite and 

commercial aerogel composite, both have nearly the  

 

same rate of 0.31 and 0.35 respectively. RHA 

aerogel have it the highest rate which value is 0.44. 

 
Figure 1: Maximum temperature of flame torch 

 

 
Figure 2: Time for composites to reach 43°C 

 

CONCLUSION 

In overall, aerogel addition helps to improve thermal 

insulation and RHA aerogel synthesize is 

comparable with commercial aerogel. Aerogel also 

acts as the most function in composite layer as it has 

low in thermal conductivity. 

 

REFERENCES 

[1] Jyoti L. Gurav, In-Keun Jung, Hyung Ho Park, 

Eul Son Kang, and Digambar Y Nadargi (2010) 

Silica aerogel: synthesis and application. 

Journal of Nanomaterials Volume 2010, article 

ID 409310, 11 pages. 

[2] Hafeezur Rahman (2013) Effectiveness of 

honeycomb structure in main battle tank 

design. Thesis for: MSc in Military Vehicles 

Technology  
[3] J. G. R. Hansen, B.J. Frame (2008) Flame 

penetration and burn testing of fire blanket 

materials. Fire and Materials International 

Journal/Volume 32, Issue 8 

[4] Ronald HEUS, Emiel A. Denhartog (2017) 

Maximum allowable exposure to different heat 

radiation levels in three types of heat protective 

clothing. Industrial Health National Institute of 

Occupational Safety and Health, 55, 529-536 



Procedia Undergraduate Mechanical Engineering Research 

Volume 1, September 2019 
 

29 
 

POLYVINYL BUTYRAL (PVB) – AEROGEL COMPOSITE PREPARED FROM RICE 

HUSK ASH PRECURSOR FOR FLAME RETARDENT STRUCTURAL APPLICATION 

Tuan Amir Mohsin Tuan Nordisham and  Muhamad Azizi Mat Yajid 

School of Mechanical Engineering, Faculty of Engineering, 

Universiti Teknologi Malaysia, 81310 UTM Skudai, Johor, Malaysia 
 
INTRODUCTION 

Aerogels are the lightest solid material ever 

known and were discovered for more than 60 years 

ago which were widely used in chemical industries. 

They have various potential in wide range of 

application. In this research it is intended to study on 

the effect of polyvinyl butyral (PVB) -aerogel 

mixture on the flame retardancy property of 

polymatrix composite (PMC). The study will be 

carried out through experimental method for about 3 

– 4 months including the initial preparation of 

hydrophobic aerogels precursor from rice husk ash 

and synthesis of PVB-aerogel composite by mixing 

of hydrophobic aerogel, PVB powder and acetone 

solution with accurate proportion. Samples are made 

based on content of aerogel in percentage in PVB 

matrix. Characterization of microstructure analysis 

by using SEM-EDX and chemical analysis by using 

TGA-IR are made. Horizontal burning is to calculate 

the burning rate of each samples. The paper will 

include the implication of the current research and 

the improvement and suggestion for the next related 

research. 

 

EXPERIMENTAL SETUP 

Hydrophobic aerogel was synthesis initial 

by mixing 33.33g rice husk ash, 250ml of water and 

16.67g sodium hydroxide pallet. Then, it was heated 

at 80°C for 24 hours to produce sodium silicate. 

Sodium silicate will purify to produce aquagel, then 

ethanol was added to produce alcogel. Surface 

modification on alcogel is made by using TMCS and 

n-hexane to produce hydrophobic aerogel. PVB-

aerogel composite was synthesis by mixing 

hydrophobic aerogel, polyvinyl butyral powder and 

acetone solution with accurate proportion. Samples 

are made with different aerogel content in 

percentage.  

 

RESULTS AND DISCUSSION 

 Scanning electron microscope is used to 

characterized the surface morphology of 

hydrophobic aerogel and PVB-aerogel composite. 

Result show that hydrophobic aerogel have a pore 

structure and Atomic % is major in silica and oxygen 

which proof it as an aerogel. Surface morphology of 

PVB-aerogel matrix show that the higher aerogel 

content in PVB matrix, the agglomeration of aerogel 

will decrease. 

 Energy Dispersive X-Ray (EDX) mapping is 

used to detect the dispersibility of aerogel in PVB 

composite matrix. Result show that the higher 

aerogel content in PVB matrix, the dispersibility of 

aerogel is better. Thermogravicmetric analysis 

(TGA) for PVB-aerogel composite is shown on  

 

figure 1 which describe the weight loss % of each 

sample (0% aerogel content, 10% aerogel content, 

30% aerogel content and 50% aerogel content) from 

50°C up to 600°C. result show phase 1 as weight 

loss of water, phase 2 is polymer and phase 3 is 

char/residue. The higher aerogel content, the rate of 

weight loss is lowest at phase 3. Efficiency of 

aerogel affected at phase 2 due to less curing and 

formation of bubble in composite. Horizontal 

burning test show that the higher aerogel content, the 

lower burning rate of composite.   

 
Figure 1: TGA graph 

 

CONCLUSION 

Hydrophobic aerogel is suitable to mix with PVB 

powder with existence of acetone solution but 

manage to mix with right condition which under hot 

pressing mechanism. Based on current result, 

conclusion can be made that the cured PVB-aerogel 

composite will decrease the burning rate.  
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INTRODUCTION 

Al, Si, Ti and N have widely applied as the 

protective films in machining industry due to their 

hardness, good wear resistance and high thermal 

stability at elevated temperature [1]. The thickness 

for machining industry is 2-3µm on the cutting 

tool surface. [2] . The purpose of the study to 

analyse the AlTiSiN dilms by using PVD 

sputtering and identify the influence of various 

temperature and bias voltage on the microstructure 

and mechanical properties. 

 

EXPERIMENT 

 The parameter use is for first temperature 

300⁰C and room temperature. Moreover, the 

different value of bias voltage from 0v to -120v 

was use for deposited the TiN/AlTiSiN on the 

stainless steel substrate. Taget for AlTiSi is 

diameter 70mm and 597 for length. For 

temperature, time deposition for multilayer is TiN 

is 1 Hour and 2 hour for AlTiSiN. Bias voltage 

time deposition change to TiN is 30 minutes and 

1 hour for AlTiSiN. Flow rate 100 sccm for gas 

argon and 50 sccm on nitride gas. By using the 

pressure and rotation is 5mTorr and 5 rpm. Lastly, 

set position pressure was Ti (45%) and AlSiN 

(45.0%). 

 

RESULT 

By using SEM and EDX, the thickness and 

the microstructure result was obtained by 

observed on the mapping and line scan graph. 

Moreover, the AFM was use to do analysis for 

the surface roughness on the coating film. On the 

300⁰C, the thickness was 2.3µm and RT was 

1.5µm. the higher temperature deposition on 

coating it will increase the thickness due to 

nuclei density was increase by deposition rate. Bias 

voltage increase will decrease the thickness 

because high energy come from bias voltage, 

forcing atom to move on voids between the 

grain. The coating will become more compact and 

dense.  

Moreover, higher the bias voltage the 

surface roughness on the coating from rough 

transform to smooth. It happened because 

reduction in grain size due to increase in ion 

bombardment. It helps to anneal the 

imperfections in coating structure. Lastly, for the 

mechanical properties when the higher 

temperature and the bias voltage the coating film 

dense, higher hardness and lower surface 

roughness is also conducive to toughness 

enhancement of film. 

 

 

 

 

 

 

 
 

Figure 1 :The thickness of effect in temperature a) 300 

⁰C b) RT 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 :The graph show different in thickness of 

effect in temperature a) 300 ⁰C b) Bias voltage 

 

 

 

 

 

 

 

 

 

 
Figure 3 :The graph show for bias voltage effect a) 

AFM result and b) relative surface hardnesss 

 

The temperature effect the thickness on the coating 

which is the higher the deposition temperature, the 

coating thickness also increase. The higher the value 

of bias voltage, the lower thickness of coating. 
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INTRODUCTION 
The purpose of the Vehicle Emission Modelling 
is a work to used to reduce the emission pollution 
of the vehicle base and estimate the emission by 
the different type of factor, for example vehicle 
related factor is model, size, fuel type, technology 
level and mileage and operation factor is speed, 
acceleration, gear selection, road gradient, and 
ambient temperature. The main source of the 
vehicle emission is carbon monoxide (CO), 
volatile organic compounds (VOCs), oxides of 
nitrogen (NOx) and particular matter (PM). 
Besides that, the exhaust gas consist the carbon 
dioxide (CO2) and methane (CH4) and nitrous 
oxide (N2O) will causes the greenhouse effect. 
Above all is effect by fuel consumption of 
vehicle.  

 

EXPERIMENTAL SETUP 
The based theory of the QSS Toolbox is 

from the vehicle population system. The idea of 
the QSS Toolbox is reverse the causes and the 
effect relationship in the vehicle dynamic system. 
The QSS Toolbox is using the speed of the vehicle 
with time to calculate the acceleration and 
necessary force. First set the drive cycle need to 
used, after this, the vehicle block will calculate 
the wheel torque based on the vehicle speed and 
acceleration. The transmission converts the wheel 
torque to the engine torque based on the gear 
ratio. The IC engine is converting the engine 
torque to the power produce. The tank is 
converting the power to the fuel consumption, 
liter per 100km.. [1] 

(a) 

(b) 
Figure1: Internal combustion engine structure 

 
 
 

 
Figure 1 (a) Show the model 2 (consumption 
map) (b) Show the model 3 (William 
Approximation) 
 

RESULTS AND DISCUSSION 

Used the experiment data to tuning the model and 

estimate the fuel consumption of 10 cars  

Figure 2: The fuel consumption of 10 cars 

(Official Data) 

 

Figure2 show the comparison result of fuel 

consumption estimate by the model 2, model 3 

and the official data. In the result, the correlation 

of model 3 and model 2 is 0.82 and -0.45.  

 

 
Figure 3: The Fuel consumption of 10 cars  

(Real Drive Data) 

 

Figure 3 show the comparison result of fuel 

consumption estimate by model 3 and the real 

drive data. The correlation coefficient is 0.83. 

 

CONCLUSION 

The model 3 is more precision and accuracy than 

the model 2. The correlation coefficient in model 

3 is 0.82 and 0.83 
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INTRODUCTION 

Coal fly ash are the product of coal 

combustion in thermal power plants that being 

composed of the fine particles of burned fuel driven 

out of coal-fired boiler together with flue gases. 68 

million of fly ash were produced since 2001 [1]. 

Coal fired electric and steam generating plants are 

produced fly ash with air into the boiler combustion 

chamber where it immediate ignites and generating 

heat to produce a molten mineral residue. Particles 

fly ash is a fine powder that is carried on the 

smokestack and captured by the control of pollution 

and coarse material fly ash will fall to the bottom of 

the furnace. In other name, fly ash considered as 

pozzolans because it substance contain silica and 

alumina and has unique spherical shape and particle 

size distribution of fly ash to make it good mineral 

filter in any application that will improve of fluidity 

of flow able fill and grout [2]. During combustion 

the main impurities been found in fly ash are SiO2 

and Al2O3 is merge in suspension and flew away 

with exhaust gases. When it cools down, the fly ash 

being solidifies into spherical glassy particles [3]. 

 

METHODOLOGIES 

Sample preparation was prepared into two 

part of composition, coal fly ash and 25% of waste 

glass was added into the coal fly ash. The 

composition was mix using mixing machine for 15 

minutes at low speed mixing about 100 RPM.  When 

the mix composition was mix properly, it will 

change their physically composition to be forming. 

The green pellet was form with dimension of 15mm 

x 30mm per sample using pressing molding. The 

green pellet was compact at 45kN with 5 minutes 

holding time. The green pellet was sinter at 

temperature between 800℃, 1000℃ and 1200℃ for 

10 minutes using electric high temperature with pre-

heating at temperature 200ºC for 2hour to give the 

sample well dry. Then the specimen was naturally 

cool at atmosphere before their physical and 

characteristic were investigated. 

 

RESULTS AND DISCUSSION 

Figure 1 illustrate the peak of quartz in coal 

fly ash mix with 25wt.% of soda lime silica glass 

have a higher intensity and gradually decrease with 

increasing temperature. This is because sintering 

reaction alters the fractional quartz to the cristobalite 

phase due to high-temperature silica de-verification 

product, and it is thermodynamically more stable 

than silica. In figure 2 give the information of water 

absorption at different temperature. The 25wt% of 

SLSG mix fly ash was about 38% at 800ºC. when  

 

 

increase the temperature the mix composition 

slightly decreases about 20% at 1200ºC. It shows 

that increasing the temperature will reduce water 

absorption because big pore become less. 

 

 
Figure 7: XRD pattern 25wt% of SLSG mix with fly ash 

at different sinter temperature 

 
Figure 8:Water absorption at different sinter temperature 

  

CONCLUSION 

In this research objective was completely achieved 

by glass addition into fly ash able to lowers the firing 

temperature sintering. Addition, addition of glass 

has improved and change the physical and 

mechanical properties of aggregates product. The 

composition mixture of coal fly ash with 25wt% of 

glass at high sintering temperature able to reduce 

water absorption and increase compressive strength 

of the aggregate. 
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INTRODUCTION  

Stress corrosion cracking (SCC) is the 

sudden brittle fracture of specific metals or alloys in 

specific corrosive environment which is subjected to 

tensile stress. The effect of SCC can be devastating 

and catastrophic because of its nature of sudden 

failure. In this case, low carbon steel had been 

selected as candidate material to be tested in 3. 5% 

NaCl simulated seawater environment. Constant 

load test had been conducted using modified creep 

machine. Machine calibration had been done using 

load cell and data logger. Performances of five 

specimens were evaluated, and they are as received, 

annealed, normalized, quenched and quenched & 

tempered specimen. Reduction in grain size is 

effective against SCC. There were several important 

parameters tested including hardness, elongation, 

fracture duration, grain size and initiation site of 

SCC. IGSCC had been observed on fracture surface 

of normalized specimen. The aim of this project is 

to calibrate and verify the parameters of the stress 

corrosion cracking test setup and evaluate the stress 

corrosion cracking behaviour of carbon steels 

exposed in simulated seawater. 

 

EXPERIMENTAL SETUP  

Constant load test had been conducted 

using modified creep machine. Machine calibration 

had been done using load cell and data logger. 

Performances of five specimens were evaluated, and 

they are as received, annealed, normalized, 

quenched and quenched & tempered specimen. The 

schematic diagram of SCC test experimental setup 

after assembly of all machine parts is shown in 

Figure 1. 

 

 
Figure 1: The schematic diagram of SCC test 

experimental setup after assembly of all machine parts. 

 

 

RESULTS AND DISCUSSION  

Improvement and further modifications on 

the creep machine had been successfully completed 

according to the ASTM E8 standard sub-size plate 

specimen. Constant load SCC test had been carried 

out with 3.5% NaCl solution and 13kg load applied. 

The test results obtained were in elongation, time 

taken to fracture / elongate, grain size, hardness, and 

SCC initiation site in microscopic view. Grain size 

reduction had been proven to be effective against 

SCC. This was exemplified by the quenched 

specimen which has the smallest average grain size, 

hence contributing to its highest SCC resistance 

among 5 specimens. IGSCC was the dominant types 

of SCC in low strength steel especially low carbon 

steel, indicating cracking occurs along grain 

boundaries. Transgranular SCC (TGSCC) was not 

found during fractography, since branching of crack 

was absent. There was insufficient time for further 

crack propagation to go through ferrite grains. 

 

  
(a) (b) 

Figure 2: (a) and 2(b) show the occurrence of intergranular 

SCC (IGSCC) 

 
Figure 3: Mean grain size of five specimens 

 

CONCLUSION  

In this project the parameters of the stress 

corrosion cracking test setup has been calibrated and 

verified. The stress corrosion cracking behaviour of 

carbon steels exposed in simulated seawater has also 

been evaluated. Grain size reduction had been 

proven to be effective against SCC. 
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AIM  

The aim of the project is to produce a PCL polymer 

incorporated with Chitosan-xZnO coating which 

can reduce the corrosion speed of magnesium 

substrate which is commonly used for biomedical 

implant. 

 

OBJECTIVES 

1. To synthesis polymer-based coating to be coated 

on Mg-Zn-RE alloy. 

2. To determine effect of different proportion of 

polycaprolactone   

(PCL) and copper addition in coating on corrosion 

behaviour of Mg-Zn-RE alloy. 

3. To evaluate corrosion resistance of the coating 

when coated on Mg-Zn-RE alloy. 

 

ABSTRACT 

Magnesium (Mg) and its alloys have been used as 

biodegradable implant material due to unnecessity 

of removal after primary surgical procedure 

compared to conventional implant materials. 

Besides, its mechanical properties are similar to 

human bone. Apart from that, the shortcoming of 

Mg and its alloy is poor corrosion resistance. Hence, 

this study is to investigate effect of polycaprolactone 

(PCL) and copper (Cu) coating on corrosion 

behaviour of Mg-Zn-RE alloy in Kokubo SBF 

solution. 

 

RESULTS 

The s specimens coated with 100 % PCL has highest 

corrosion resistance (0.004 mm/year) than all coated 

and uncoated Mg-Zn-RE alloy specimens. Among 

the coated specimens, the corrosion rate of specimen 

coated with 5 % Cu and 95 % PCL is highest at 

2.154 mm/year, followed by specimens with 3 % Cu 

and 97 %PCL and 1 % Cu AND 99 % PCL in 

descending order with the values of 2.089 mm/year 

and 1.682 mm/year respectively. In immersion test, 

the pH value is increased due to the formation of 

magnesium hydroxide indicated by pH evaluation. 

Needle-like morphology of hydroxyapatite (HA) 

crystal can be observed in corroded Mg-Zn-RE alloy 

specimens. Pits and cracks also can be observed in 

all corroded specimens. 

 

 
 
 
 
 
 

 

 

 
 

 
Figure 1 Biodegradable materials 
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AIM  

The aim of the project is to produce a PCL polymer 

incorporated with Chitosan-xZnO coating which 

can reduce the corrosion speed of magnesium 

substrate which is commonly used for biomedical 

implant. 

 

 
Figure 1 Biomaterials as implant 

 

OBJECTIVES 

1. To produce and determine the properties of  

 Polycaprolactone (PCL) polymer with  

 Chitosan-xZnO as coating material. 

2. To evaluate the corrosion resistance of the 

coating when coated on Magnesium. 

 

ABSTRACT 

Magnesium and its alloy has been widely used in 

biomedical implant. However, due to its poor 

corrosion resistance, coating should be applied on 

magnesium substrate surface to enhance their 

corrosion resistance. Substrate has been prepared by 

wire cutting and dip coated with 6 types of coating 

slurry which made up of Polycaprolactone, Chitosan 

and varies concentration of Zinc Oxide that is 2, 4 

and 6 wt%. The completed specimens will be Mg, 

Mg – PCL, Mg – PCL/CS, Mg-PCL/CS/2ZnO, Mg-

PCL/CS/4ZnO, and Mg-PCL/CS/6ZnO. After 

coating, the specimens were sent for material 

characterization and corrosion testing.  

 

RESULTS 

Coating slurry were successfully produce and coated 

on substrate surface. Coated magnesium has higher 

corrosion resistance compared to uncoated 

magnesium. PCL/CS/2ZnO slurry has highest 

viscosity, produced thickest coating. As 

concentration of ZnO increase, granular boundary is 

seen on the specimen surface, coating became brittle 

as cracks are observed on coating and fresh metal 

are for further corrosion. PCL/CS/2ZnO produced  

 

 

best corrosion resistance with low corrosion rate, 

that is 0.0385mmpy and with Icorr = 1.707uA/cm2. 

 

 
(a) 

 

 
(b)  

Figure 2 (a) Tafel Extrapolation plot and (b) 

Nyquist plot for EIS testing 
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INTRODUCTION 

 Renewable energy application in Malaysia 

is still in growing state. With the lack of 

professionals, there is quite a challenge to make this 

source being used commercially. With the rate of 

pollution that keep increasing with time, alternatives 

action must be taken in order to reduce the 

dependency on fossil fuel usage. Ship is one of the 

most contributor of pollutant for transportation 

class. With this alternative, hopefully the pollution 

that come from ship can be reduced in the future. [1] 

EXPERIMENTAL SETUP 

This research have been depending on the 

data achieved by researchers and journal about the 

potential of wave energy in Malaysia. With the data 

collected, consideration must be taken in order to 

apply this source of energy. With the patented 

design of wave energy converter, the output of the 

device mainly affected by input that comes from the 

wave energy. With low average of wave energy, the 

output also may be quite low to supply the demand 

of the ship. Basically, this source valid to supply a 

small ships as the big ships demand high power of 

electricity to operate. 

Ferry is chosen to be applied with this 

system as this type of vessel is quite low demand in 

term of electricity power to operate compared to 

huge ships. Idle condition is chosen where loading 

and unloading people occur. Besides the lowest 

electric power demand, this is where the pollutant at 

the current location occur as the vessel is static at 

one place for a certain period in a day. This may lead 

to a high rate noise and air pollution. Gigantic ship 

basically will stop a long time at the port that 

included with wave breastructure that may kill the 

waves for the beginning. It is not practical to apply 

this system for huge vessels where the possibility to 

harvest wave energy is quite low. 

With the data obtained, stability 

assessment can be done by applying Maxsurf 

Stability application. The modified device data 

shows depict the output of electrical power from the 

wave energy.  

 

RESULTS AND DISCUSSION 

From the result obtained, this system is 

reliable for the idle ferry as it demands the lowest 

amount of electrical power compared to other 

condition. Besides that, this system will have a low 

operational cost compared to conventional type of 

ferry that relying on auxiliary engine. With the 

suitable place of installation, the maintenance 

process may be easier compared to conventional 

auxiliary engine.  

 

 

 

 

CONCLUSION 

This system is practical in term of stability and 

economics based on theory and application 

assessment.  To have a reliable result, this system 

need a serious attention and investment to make it 

happen in real life. 
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INTRODUCTION 

As newly introduced to shipping industries, 

performance of x-bow hull still under analysis. Even 

though there are almost 100 unit of ships using x-

bow concept but there are still study need to be 

conduct before this concept can be truly trusted 

among the shipbuilder. The knowledge gap of X 

bow performance on seakeeping study in irregular 

sea lead to conducting research on the behavior of 

ship with X-bow design at regular sea condition. The 

data will be compare with ship using normal 

conventional bow, which will be using bulbous bow. 

Thus, how will the X bow hull response if subjected 

on regular sea condition. 

 

EXPERIMENTAL SETUP 

In his thesis, tanker ship with identification 

number MTL036 was used as parent hull and 

MTL036B is the tanker ship performing x-bow. For 

this project, same ship type with different bow is 

needed. Unfortunately, only lines plan MTL036B 

can readily be used as reference as lines plan for 

MTL036 need to be generate back from body plan 

drawing to produce the hull form. 

Upon completion of the seakeeping 

analysis, the result will determine whether the 

stabilization system is needed or not. The 

determination is based from the result of RAO and 

vertical acceleration. The limiting RAO will be 

based from the regulation from international 

societies and vertical acceleration will be from 

motion sickness incidence (MSI). 

 

RESULTS AND DISCUSSION 

Result from the Maxsurf Motion Advanced 

for both hull is assessed into NordForsk, 1987 

limiting criteria evaluation to observed the 

performance of hull with regulation provided. 

 

 
Figure 1: Overall NordForsk 1987 limiting criteria 

 

Figure 1 summarized the NordForsk 

limiting criteria evaluation for both hull at head sea 

and beam sea condition. From the graph clearly 

show both hull to pass all the limiting criteria stated  

 

by NordForsk 1987, thus actually failed to have 

permission continuing further design process. But 

for this simulation, NordForsk limiting criteria was 

used in comparing performance to decide which one 

better in design. 

 

CONCLUSION 

The objectives of this research have been 

achieved. By conducting seakeeper simulation 

between X bow hull (MTL 036B) and Tanker hull 

(MTL 036). The seakeeping performance between 

the two bow has been compared. The simulation 

result showed that the seakeeping performance for 

tanker which is conventional bow is better than x-

bow hull. From MSI result and NordForsk limiting 

criteria result, tanker hull is more preferable to sail 

rather than x-bow hull. 
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INTRODUCTION 

 Malaysia is way behind in terms of 

development of renewable energy as compared to 

other countries. It is stated that among the major 

problems associated to the implementation of the 

wind energy system were the lack of local expertise, 

spare part availability, transportation and inefficient 

energy management.  However, Malaysia has the 

probable into developing alternative energy. This is 

because wind farming is feasible that offers high 

theoretical potential as a renewable source of 

energy. Therefore, there is an essential 

responsibility to find the potential area at the 

offshore area to develop offshore wind turbine in 

Malaysia. [1] 

 

EXPERIMENTAL SETUP 

15 locations are chosen based on the 

Exclusive Economic Zone (EZZ) with each of the 

location is a square of 2ᵒ × 2ᵒ. 2 types of wind data 

which is the satellite altimeter data and buoy data is 

used to validate the multi-mission satellite altimeter 

data. The method used to validate the data is by 

applying the concept of correlation coefficient 

method and percentage difference between the buoy 

measurement data and satellite data to measure the 

strength of relationship between the two data. 

Thirdly, three offshore wind turbine that is available 

in the market is chosen. From there, an energy 

analysis is made on the three offshore wind turbine 

in order to find and select the offshore wind turbine 

that has the highest capacity factor. Next, other than 

implementing the exclusive economic zone and 

exclusion area. Lastly, 13 practical map 

development will be made with the aid of ArcMap 

10.1 used. 

 

RESULTS AND DISCUSSION 

The result to determine the strength of the 

relationship between the buoy and multi-mission 

data is strong as the value of correlation coefficient 

is 0.806. For percentage difference, the result of the 

percentage difference that correlate with the buoy 

measurement and satellite multi-mission wind speed 

data. The calculation of average percentage 

difference throughout year 2002 until 2011 is 

18.92% which is small difference. Despite the 

difference, the difference between the wind data if 

compared from the several example of data between 

buoy data measurement and satellite data is only 2-

3 m/s. For capacity factor, the result of the capacity 

factor of the three offshore wind turbine. The NW 

40/500 Offshore with rated power 500kW has the 

highest rated capacity factor with 1.332% among the 

others. The capacity factor of all three offshore wind 

turbine is considered really low as the normal  

 

capacity factor of an offshore wind turbine is 20-

30%. Despite that, the NW 40/500 offshore wind 

turbine is chosen to proceed with the map 

development. 

  For map development, Figure 1 shows the 

map development of practical map development for 

year 2010 by using the satellite altimeter data, 

applying the technical power of NW 40/500 

offshore wind turbine and with the consideration of 

exploration contract area and oil and gas field. Based 

on Figure 1, the map shows that the darker coloured 

area has higher technical power value and the lighter 

colour shows that the area has low technical power 

value in 2010.   

 

 
 

Figure 1: The map development of practical map 

development for year 2010 

 

CONCLUSION 

The potential area to develop an offshore wind 

turbine is at Area 6 in order to harness wind energy 

despite the seasonal variation wind speed. This is 

because there are not much of exploration contract 

area or production of oil and gas at the area despite 

the low of technical energy. 
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INTRODUCTION 

Manufacturing is one of the major scopes 

in the Mechanical Engineering. The biggest process 

in the manufacturing is the molding process because 

this process determines the shape of the product or 

part, based on the mold case shape use [1]. The next 

process, lacquering determines the quality of the 

finished product. Quality and productivity cannot be 

separate [2]. Good productivity is the achievement 

when the reject is less and the performance of 

quality is better. By improving the quality, the rate 

of reject product can be reduced. There are about 

only 30% of the total of the pieces' produce can pass 

to the customers. The reason for the high percentage 

of the reject parts suspected on the parameter setting 

of the lacquering machine. 

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for the system. We used Six Sigma Tools such 

as Pareto Chart and Fishbone diagram for the root 

cause analysis and the Design of Experiment (DOE) 

for the optimisation of the lacquering machine.  

The DOE method applied with the 24 have 

been conduct at the company with 16+1 test 

parameter. Each testing use 15 specimens to 

increase the validity of the result comparison. 

 

RESULTS AND DISCUSSION 

From the uses of Pareto Chart in figure 1, 

result shown that there are 3 main defect contributes 

to about 71% of the total number of rejected plastic 

lens part at lacquering process. It is Paint Dust, 

Contamination, and Fisheye. The Fishbone Diagram 

have been used to identify the root cause of the 3 

major defects.  

From the results of fishbone diagram, there 

are 3 common main causes that all 3 defects face, it 

is on the error method of handling, long process 

cycle and outdated machine parameter applied. The 

process improvement modification has been applied 

in DOE method    

 From the DOE method applied, it resulted 

that there are 3 testing parameter have shown the 

huge increment in the number of good product 

produced. The highest percentage of the good 

product produced is from the testing parameter 3. 

 

 

 

 

 

 

 

 

 

 
Figure 1: Pareto Chart of the Defect occur on 

Plastic Lens. 

 

 
Figure 2: Percentage of Good Product 

 

CONCLUSION 

Based on the result from the Design of Experiment 

method, there is about 54% increment of the 

percentage of the good product when using the test 

parameter 3 compare to the OI Parameter. So, the 

objectives have been achieved. 
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INTRODUCTION 

Spot welding is an important joining 

method that joins two or more sheet metals. It had 

been widely used in automotive industry for many 

years. Many materials can be joined by using spot 

welding. The quality of spot welding is greatly 

depends on the important parameter such as welding 

current, welding voltage and welding time. 

However, many problem can occur if the parameters 

of spot welding are not set properly. Hence, the 

purpose of this study is to determine the optimum 

parameter setting for the application of spot welding 

at Hacker machine in order to reduce the wire break 

problem. There are two factors that only considered 

in this research which are welding voltage and 

welding time run with three replication 

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for the system. The number of run order is 9 

which is determined by using Design of Experiment 

as shown in Table 1 below, two-factor factorial 

experiment. All the specimens will be do the pull 

bond test by using the Chatillon X equipment. The 

data collection will be analyse by using Minitab 

Software and generate several result such as 

Analysis of Variance (ANOVA) others statically 

graph. There two type of analysis in this research 

which is first bonding analysis and second bonding 

analysis. 

 
Table 1: The setting of the parameters in the experiments 

Run order 
Welding 

Voltage (V) 
Welding Time 

(ms) 

1 1 22 

2 1.05 22 

3 1.15 22 

4 1 35 

5 1.05 35 

6 1.15 35 

7 1 45 

8 1.05 45 

9 1.05 45 

 

RESULTS AND DISCUSSION 

The data collection for first bonding and 

second bonding will be analyse using Minitab 

software to generate several results. Figure 1 shows 

a main effect plot for first bonding analysis. The 

figure shows that the highest response output which 

is bonding strength for factor welding voltage is at 

low level (1) value while for lowest response output, 

the welding voltage should set at medium level (2). 

For welding time factor, to obtain the highest  

 

bonding strength, the factor should be set at low 

level (1) while to obtain the lowest response output, 

high level (3) setting may require. Figure 2 shows a 

main effect plot for second bonding analysis. The 

figure shows that the highest response output which 

is bonding strength for factor welding voltage is at 

low level (1) value while for lowest response output, 

the welding voltage should set at high level (3). For 

welding time factor, to obtain the highest bonding 

strength, the factor should be set at low level (1) 

while to obtain the lowest response output, medium 

level (2) and high level (3) setting require. 

 

 
Figure 1: Main effect plot for 1st bonding 

 

 
Figure 2: Main effect plot for 2nd bonding 

 

CONCLUSION 

As a result for first bonding analysis, in order to 

obtain highest bonding strength, the welding voltage 

and welding time parameter should be set at low 

level (1). For second bonding analysis, to achieve 

highest bonding strength, the welding voltage and 

welding time parameter is set at low level (1). 
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INTRODUCTION 

Wind power technology has been 

developed rapidly since the end of 1970. The lid 

shroud wind turbine able to create a low-pressure 

area at the downstream of the wind turbine resulting 

in increase of local wind speed through the turbine. 

Diffuser type shroud with flange can accelerate the 

wind by 50 % [3] and [2] stated diffuser augmented 

wind turbines show two times increase of coefficient 

of power compare to bare wind turbine. 

 

SIMULATION SETUP 

ANSYS FLUENT commercial software 

was used to develop an effective numerical model of 

shrouded wind turbine. Optimized blade was design 

based on Betz Theory in term of chord and twist 

distribution at optimum TSR of 6 while the shroud 

was design based on ratio to rotor diameter. There 

were two computational domains and the boundary 

conditions were assigned to the model. For meshing 

processes, structured hexahedral mesh for the 

stationary domain and unstructured tetrahedral mesh 

for the rotating domain. The inlet velocity was kept 

at 5 m/s while the rotor tip speed ratio (TSR) was 

varied from 4 to 8. Steady state time based and k-

omega SST turbulent model was chosen to simulate 

the flow behaviour. k-omega turbulent model able to 

simulates outer region of boundary layer and flow 

behaviour near the wall [1]. 

 

RESULTS AND DISCUSSION 

There are two type of results obtain from 

the ANSYS post-processing which is the qualitative 

and quantitative result. Figure 1 shows the vortex 

formation behind the flange. The formation on 

vortex create a pressure drop from 14.4 to -10.5 Pa 

and thus increase the wind speed through the turbine 

almost 14 % from the actual wind speed. An 

increase of wind speed through the turbine will 

increase the performance of wind turbine as the 

power is directly proportional to wind speed cube. 

Figure 2 shows a parabolic trend for 

shrouded and bare wind turbine at different TSR. By 

analysing the trend, shrouded and bare wind turbine 

operates optimally at TSR= 6 which is the on-design 

operation. The shrouded wind turbine shows an 

increment of performance compared to the bare 

wind turbine and it capable to exceeds the Betz limit 

which is 59.3 %. At every TSR value, the power 

augmentation by shrouding it shows more than one 

times as compared to bare wind turbine. [3] stated 

that shrouded wind turbine capable to increase the 

power coefficient two times compare to bare wind 

turbine 

 

 

 
Figure 9: Vortex formation at downstream the shrouded 

wind turbine. 

 
Figure 2: Coefficient of power vs. TSR. 

 
CONCLUSION 

 The formation of vortex creates a low-

pressure area downstream the wind turbine and 

increase the wind speed through the body. Thus, the 

performance exceeds Betz limit and has improved 

more than 1 times compared to the bare wind 

turbine.  
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INTRODUCTION 

Renewable energy is being commercialize 

to use in this world as it replenished naturally and 

does not have limited supplies compared to non-

renewable energy. There are a few common 

renewable energies that are commonly used which 

are solar, wind, water (hydro), biomass, and 

geothermal. Comparing all these renewable 

energies, wind energy is the cleanest energy, as it 

does not produce any CO2 emissions [1,2]. 

Therefore, wind energy is having a high demand to 

be used and commercialized by installing and 

designing an efficient wind turbine, in order to 

capture the optimum energy from the wind.  

 

OBJECTIVE 

 The aim of this project is to develop and 

effective numerical model for accessing the 

capability of the jet-engine inspired wind turbine as 

a power generation system by determining its 

performance with the influence of the curly shroud 

on the induced flow. 

 

EXPERIMENTAL SETUP 

Computational Fluid Dynamics (CFD) was 

used to simulate the jet-engine inspired wind turbine 

to study its performance. The jet-engine inspired 

wind turbine was designed by using SolidWorks 

before being imported to ANSYS Fluent 18.0. Two 

domains were created to study the flow of the fluid, 

which are rotating and stationary domain. The mesh 

grid used in this study is tetrahedral mesh along with 

the sizing method to refine the meshing and reduce 

the skewness. By varying the Tip Speed Ratio (TSR) 

values from 2 to 5, the simulation was done twice 

for each TSR values, which were jet-engine inspired 

wind turbine with and without shroud. The moment 

values and the contour of the flow were then being 

analysed. 

 

RESULTS AND DISCUSSION 

 Moment data obtained from the ANSYS 

Fluent was used to calculate the mechanical power 

of the wind turbine. From this values of mechanical 

power and wind power, the power coefficient of the 

wind turbine can be obtained. Table 1 shows the 

percentage difference in power coefficient for the 

jet-engine inspired wind turbine with and without 

shroud. The highest percentage obtained is 21.9%, 

which is for TSR value of 5 while the lowest 

percentage is 5% with TSR value of 2.  

 

 

 

 

 

 
Table 2: Percentage difference on the Power Coefficient 

between Jet-Engine Inspired Wind Turbine with and 

without shroud 

TSR 

With 

Shroud 

Without 

Shroud Percentage 

Difference 

(%) 
Power 

Coefficient 

(Cp) 

Power 

Coefficient 

(Cp) 

2 0.20 0.20 5 

3 0.29 0.26 11.5 

4 0.34 0.32 6.25 

5 0.39 0.32 21.9 

6 0.38 0.35 8.6 

 

 Besides that, the influence of the curly 

shroud can be studied from the velocity and pressure 

contour obtained. Figure 1 indicates the swirl 

formation happened at the shroud, which contributes 

in pressure dropping at the back of the wind turbine. 

This will eventually increase the wind speed at the 

inlet of the wind turbine due to the suction happened 

by the high pressure region to the low pressure 

region. 

 

 
Figure 10 Swirl formation at the back of the wind turbine 

 
CONCLUSION 

The positive values of percentage indicate 

that the wind turbine having a shroud can help in 

enhancing the wind turbine performance. This 

shows that jet-engine inspired wind turbine is 

capable to be as a power generation system. 
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INTRODUCTION 

Gravitational Water Vortex Power Plant 

(GWVPP) is another alternative to generate 

electricity and channel it to the rural areas. GWVPP 

is capable to convert low head potential energy into 

kinetic energy to power turbines through a gravity 

vortex pool. In addition, the costs for development 

and power generation in GWVPP are very low as 

simple construction can be conducted. Not only 

financial cost is reduced, the damage towards 

environment also decreased. 

 

EXPERIMENTAL SETUP 

The aim of this project is to develop a 

reliable numerical model of gravitational vortex 

hydro turbine. The model was first being developed 

using Solidworks and then imported to ANSYS 

Fluent for simulation. ANSYS Fluent was used to 

analyze the fluid flow through the channel and 

results were used to identify the optimal condition 

which can maximize its efficiency. The effect of 

parameters such as the rotational speed of output 

shaft and the mass flow rate of water were studied to 

investigate its effect on electricity power generation. 

Lastly, the results was validated by measuring its 

mechanical power generation and comparing it with 

the actual power generation at Lemoi, Cameron 

Highlands. 

 

RESULTS AND DISCUSSION 

There are two fluid domain had been 

created: a stationary domain which the fluid flows 

through and a rotating domain where the turbine 

model will rotates. The fluid domain is shown as 

figure below. Next, the modelled domain was 

imported to ANSYS Fluent for further simulation. 

For the stationary domain, a hex dominant method 

with free face mesh set to “All Quadrilateral” is used 

to get a structured mesh where majority of the cell 

consists of hexahedral cell and small portion of 

prism cell. . Mapped hex meshing also being added 

to obtain a better quality of mesh. Due to the 

complexity of rotating domain’s geometry, 

unstructured mesh is generated for the rotating 

domain which consists of tetrahedral cell 

As for boundary condition, the velocity 

inlet for stationary domain was set to be 0.167m/s 

and outflow with flow rate weighing of 1 was set for 

outlet boundary. The wall surface was set to be 

stationary with no slip condition. The working fluid 

in the computational domain zone condition will be 

set to water. To study the effect of rotational speed, 

the domain motion in rotating domain was varied 

with the angular velocity ranging from 0 to 100 rpm 

in anticlockwise direction. While, the inlet velocity  

 

was varied from 0.1 to 1.0 m/s to study the effect of 

mass flow rate to the turbine performance. For all 

cases, the k- turbulence model has been used for 

numerical simulation process considering the water 

flow is incompressible. 

Figure 1 shows the trend of mechanical 

power changes when the rotational speed had been 

increased. At 60 rpm, the resulted mechanical power 

from simulation is 1046.95 W which is likely close 

with the actual mechanical power in Lemoi. With 

the similar condition of 60 rpm, almost 835.81 W 

had been generated in Lemoi. 

 

 
 

Figure 1: Graph of mechanical power versus rotational 

speed at output shaft 
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INTRODUCTION 

All countries worldwide are searching for 

alternatives to sustain and meet the rising in energy 

demand and reduce carbon emission produced by 

fossil fuel. Water wheel is regarded as clean and 

reliable renewable energy to generate electricity. 

Generation of electricity is produced by the rotation 

of water wheel. However, due to low volumetric 

flowrates of water that goes into the buckets of water 

wheel, the water wheel produce less torque, which 

eventually produce less power output. Thus, a new 

concept is investigated by implementing an 

integrated blades on the water wheel with the 

objective that it could enhance the power output. 

These blades are attached to the wheel and harness 

the air surrounding as the water wheel rotates. 

 

SIMULATION SETUP 

The geometry of integrated blades is 

modelled in 2D by using Solidworks software. Once 

the geometry is imported to Ansys Fluent for 

simulation, the meshing process was performed by 

using triangle methods. The inflation layer is used 

around the airfoils to obtain more precise results. 

Meshing consist of 461608 nodes and 490291 

elements. 

Realizable k-epsilon model is used as 

turbulence model. 8 cases are investigated by 

varying the angle of blades and the speed of rotation 

(rpm). 

 

RESULTS AND DISCUSSION 

The analysis conducted by varying angle of 

blades with 30° and 60° (clockwise and 

anticlockwise) angles respectively. For these four 

model cases, the boundary condition is set for the 

airfoil to make rotation in anticlockwise direction by 

varying the rotational speed (20rpm and 500rpm). 

The velocity contour of 30° anticlockwise angle is 

shown in Figure 1. 

 

 
Figure 1: Velocity contour of 30° anticlockwise angle 

  
It is observed that the velocity on top of the 

blades surface is higher compared to the bottom 

surface. Fundamentally, velocity is inversely  

 

proportional to pressure. Due to the difference in 

pressure between top and bottom surface of blades, 

an external force created a torque to the blades. 

 From the comparison of the results taken 

for four different angles of blades and 2 different 

rotational speed, it is found that 30° anticlockwise 

angle creates the highest torque, which produce 

about 218.86W/m. If this configuration is used with 

the water wheel, the power it could produce is about 

2.2kW/m. Figure 2 illustrate the coefficient 

performance of 4 different blade angles by 

maintaining speed of 500rpm. 

 

 
Figure 2: Coefficient performance for 500rpm speed 

 
CONCLUSION 

As the conclusion, the 30° anticlockwise 

angle of blades could generate the highest torque 

and highest power output. By implementing this 

concept with the optimum configuration, the 

efficiency could increase by 8.5% from 81.5% to 

90% considering there is no power losses by the 

water wheel.    
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INTRODUCTION 

Among renewable energies, the most 

valuable, safe and fastest growing renewable 

energy is wind energy. At the end of 2016, wind 

energy has served approximately 957.94 GW. 

Furthermore, wind energy cost is low (0.12/kWh), 

its carbon footprints is low (<5CO2/kWh), it has 

minimum sound pressure level (50-60 dB from 

100 feet) and it is easy to integrate with other 

sources of energy. However, since wind energy 

requires big land, high installation cost, lack of 

energy storage and not portable, commercial wind 

turbine is not suitable for small scale application. 

Moreover, a commercial or domestic wind turbine 

cannot be run in some places as its wind speed is 

not adequate. Thus, it is necessary to modify a 

wind turbine which can be efficient under this 

kind of circumstances. Consequently, the idea of 

mobile wind turbine for vehicle came along for 

small scale energy harvesting. 

 

CFD SIMULATION SETUP 

This section presents the CFD simulation 

setup for the system of lorry mounted wind 

turbine. At first, optimized small horizontal axis 

wind turbine (HAWT) design was generated 

using Betz Limit Theory. Then, the HAWT is 

modelled mounted on lorry using drawing 

software. The model was then simulated by using 

kω-SST model. Inlet velocity at 27.78 m/s. 

Rotational velocity of turbine at 6366 rpm. The 

scheme used is SIMPLEC. Moment of wind 

turbine is extracted from the simulation to know 

the power mechanical, pmech generated and power 

coefficient produced, cp. Besides that, wind 

velocity with respect to distance from wind 

turbine is also extracted to know the next row of 

turbine location. Lastly, the simulation for wind 

turbine with different tip speed ratio, TSR is run 

to investigate its pmech and cp. 

 

RESULTS AND DISCUSSION 

When simulation is done, it is found out 

that a spiral vortex is formed in the flow which 

agrees to Theory of Betz Limit. Figure 1 shows 

the flow. Besides that, after following the 

flowchart steps to know the next location of row 

of wind turbine, it has been decided to be put at 

distance 0.72m from first row wind turbine. Other 

than that, the graph of different TSR effect 

towards cp is shown in Figure 3. From graph of cp 

vs TSR, power coefficient increases as TSR 

increases. Supposedly, the cp should decrease 

after the design TSR=6 because that is the most  

 

uniform flow. However, we can see that the 

gradient for the graph start to decrease. Perhaps, 

the line can be seen lower after TSR more than 8. 

This might also happen due to the mesh is not fine 

enough in CFD simulation. Moreover, the cp for 

wind turbine 2 and 3 for TSR=8 is 1.00 and 1.02 

respectively. This is not right since there is no 

way a wind turbine can fully capture wind power 

and generate 100% or 102% of it to become 

electrical energy. This may happen due to bad 

meshing in CFD simulation. Other than that, it 

may also happen because convergence criteria 

when running the simulation is not low enough. 

This make the torque not constant yet when the 

scaled residual is already converged.   

 

 

 
Figure 1 flow behaviour of lorry mounted wind turbine 

 

 
Figure 2 Graph of cp vs TSR 

 

CONCLUSION 

The flow behaviour of lorry mounted 

wind turbine has been simulated. It follows Betz 

Limit Theory. The location for next row of wind 

turbine has been decided at 0.72m form first row 

of wind turbine. Increase TSR give increase cp. 
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INTRODUCTION 

Cross flow Banki-Turbine is the solution of 

hydro turbine that requires the low water velocity. In 

this context, the Cross flow Banki-Turbine are 

extensively used due to the simple design [1], easy 

in maintenance and low cost. Although this Banki-

Turbine has moderate efficiency, but it is suitable to 

be apply in rural area with low head. In this research, 

the performance of this Banki-Turbine is run in 

simulation using ANSYS FLUENT 18.2 in 2-D 

design by applying the shear stress transport k-

omega turbulence model. The design of the runner 

blade is taken from [2] as it gives the highest power 

coefficient, Cp. 

 

SIMULATION SETUP 

From the Table 1, we can see that 

simulation is chosen as the steady where, the flow of 

the fluid is constant as the time changing. Then, K – 

omega with Shear Stress Transport (SST) is chosen 

for perfect calculation [3].  

 
Table 1: General setting for the simulation 

Type Setting 

Simulation Steady 

Turbulence Model K – omega, SST 

Cell Zone Water-liquid 

Dynamic Mesh 
Smoothing, layering, 

remeshing 

Scheme SIMPLE, Second Order 

 

RESULTS AND DISCUSSION 

From the Figure 1 below, we can see that 

Cp for the Case 3, (0.775) is the highest followed by 

Case 2, (0.614) and lastly is Case 3, (0.515). For the 

Case 1, the value of Cp is increasing until reach the 

maximum at 0.515 for TSR 0.877 before decreasing. 

Then, the Cp value for Case 2 is gradually increasing 

until 0.614 as the maximum for TSR 1.202. And for 

the Case 3, the highest Cp which is 0.775 at TSR 

1.070. 

Overall we can say that, the increases of 

water velocity, V will increase the power output, 

Pout of this banki-turbine. But keep increasing RPM 

of runner beyond the optimum runner RPM, will 

reduce the power output, Pout. 

From the Figure 2 below, we can see that 

Ct for the Case 3, (0.333) is the highest followed by 

Case 2, (0.331) and lastly is Case 3, (0.330). For all 

3 cases, the pattern of the graph of Ct against TSR is 

quite similar where the graph is gradually decrease 

as TSR increase.  

 

 

 

Overall we can say that, the torque 

coefficient, Ct also will decrease as the angular 

velocity of runner, ω increase. 

 

 
Figure 1: Graph of Cp against TSR 

 

 
Figure 2: Graph of Ct against TSR 

 

CONCLUSION 

As conclusion, from the numerical 

investigation, we can study on how efficient the 

performance of Banki-turbine. We also can get the 

optimum parameters and optimum TSR for this 

Banki-turbine. 
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INTRODUCTION 

 

The design process of the multipurpose 

corn seed sowing jig undergoes several stages before 

the fabrication process can start. First and foremost, 

literature review was done on patent that includes 

necessary function and mechanism, existing product 

and also the tractor specification. Next, several 

design methods or tools are used to develop the 

concept design. Methods or tools that was used are 

Functional Block Diagram, Morphological Chart 

and Concept Selection by using Evaluation Matrix 

and Pugh Matrix. These tools are used to generate 

three concept design and final concept design. Then, 

the first detailed design is created and analysed by 

using Design for Manufacture and Assembly 

(DFMA) analysis and Failure Mode and Effect 

Analysis (FMEA). From there, an engineering 

analysis was done on the final detailed drawing. 

Engineering drawing was also generated for the 

fabrication of prototype. Lastly, the prototype was 

tested by a car. 

 

METHODOLOGY 

 

1. Functional Block Diagram 

2. Morphological Chart 

3. Three Concept Design 

4. Concept Selection 

5. Final Concept Design 

 

RESULTS AND DISCUSSION 

 

The figure below shoes the final detailed design in 

the form of CAD modelling and the prototype for 

multipurpose corn seed sowing jig. Due to 

miscommunication with the farmers, I was not able 

to have access to their land and tractor. Hence the 

prototype was tested by hitching it to a car. The 

result is that the jig is able to drop the seed one by 

one and dislodge it at the correct interval. However 

the jig is quite inconsistent as the prototype have a 

low fabrication quality and incorrect testing 

parameter. 

 

 
     (a)     (b) 

Figure 1(a) : CAD model for multipurpose corn seed 

sowing jig (b) : Prototype of multipurpose corn seed 

sowing jig 

 

CONCLUSION 

The multipurpose corn seed sowing jig for a tractor 

has been designed, fabricated and tested. From the 

result of functionality testing, the multipurpose corn 

seed sowing jig can’t assist farmers in reducing the 

plantation time if it’s not fabricated properly 

according to the design. 
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INTRODUCTION 

 The ideal condition in a car cabin with 

equally distributed airflow velocity and temperature 

are desirable in any vehicle. However, in a real 

condition, there is uneven airflow velocity and 

temperature distributions in the cabin. Therefore, 

this study is intended to improve the airflow velocity 

and temperature distributions inside the car cabin. A 

simulation work on the airflow velocity and 

temperature was carried out by using the 

commercial CFD software. Then, parametric 

analysis was carried out to investigate the suitable 

enhancement in terms of geometry and layout that 

can be implemented inside the car cabin. 

 

EXPERIMENTAL SETUP 

This section presents the numerical setup 

for the system. The simplified model was developed 

using SOLIDWORKS software based on the actual 

dimension of the PROTON Iriz interior car cabin. 

The computational domain is needed for CFD 

software to generate a meshed domain. Mesh 

generation is the practice of generating a polygonal 

or polyhedral mesh that approximates a geometric 

domain.  

The result obtained from the CFD 

simulation was compared with the experimental data 

provided by PROTON. From the literature review, a 

20 % difference between the simulation and 

measured data is considered acceptable [1]. 

 

RESULTS AND DISCUSSION 

  To improve the airflow velocity and air 

temperature distributions inside the car cabin, 2 

additional air vents were added to the B-pillar at rear 

passenger section (Case 4).  

 Figure 1 shows the comparison of airflow 

velocity contour between baseline case and Case 4. 

From the figure, the average airflow velocity 

distribution is improved a lot compared to the 

baseline. For the rear section, the average airflow 

velocity increased significantly by 155.74 % 

 From the figure 2, the air temperature 

distribution improved a lot compared to the baseline. 

For the rear section, the average air temperature 

decreased by 11.71 %. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 11: Comparison of airflow velocity 

contour between Case 4 and baseline 

 

 
Figure 12: Comparison of air temperature 

contour between Case 4 and baseline 

 
CONCLUSION 

 From the CFD analysis, It was found that the 

additional air vents at the B-pillar is capable of 

providing more uniform distributions of air flow 

velocity and air temperature for the front and rear 

passenger sections. Higher air flow velocity is 

obtained in the rear passenger section. 
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INTRODUCTION 

Plasma is considered to be fourth state of 

matter [1] after solid, liquid and gas. It is fully 

ionized gas that consists of ions, electrons and 

uncharged particles such as atoms, molecules and 

radicals. Non-thermal plasma has become one of the 

new technologies which are rapidly developed. This 

happen due to ability of cold plasma to modify the 

surface properties of a material or product without 

changing the original characteristics of the material.  

 Oyster mushroom is the most versatile 

mushrooms and in Malaysia, oyster mushroom can 

easily obtained in market because it’s generally low 

in saturated fats and high in fiber and protein, and 

may reduce harmful blood cholesterol and act as an 

appetite suppressant [2]. Immune system can also be 

enhanced using mushrooms. 

 

EXPERIMENTAL SETUP 

To treat the spawn, plasma pencil is used. 

Treat the spawn with different flowrate (2 SLM – 6 

SLM) and duration of treatment (5s – 60s) with 

constant carrier gas (air) and voltage output (8 kV). 

After plasma treatment, the spawn is inject 

into substrate. To observe effectiveness of treated 

spawn, mycelium growth, quantity of mushroom 

and characterization of mushroom are investigated 

 

RESULTS AND DISCUSSION 

 

 

 

 

 

 

 
Figure 1: Duration of mycelium growth 

 

Figure 1 shows that from overall graph, 5 

SLM and 15s treated spawn fastest to complete the  

 

mycelium growth with only need 4 week compare to 

untreated that need 6 week.  

 

 
Figure 2: quantity of mushroom produce by 

treated and untreated spawn in the 1st cycle 

 

Figure 2 shows quantity of mushroom 

produce by treated and untreated spawn in the 1st 

cycle where 5 SLM 15s treated spawn produce 

highest amount of mushroom more than 500g 

compare to untreated spawn only produce almost 

150g. Table 1 shows diameter of cap, length and 

stalk thickness of mushroom where no significance 

different between them. The different only can be 

seen in quantity of mushroom where 5 LSM 15s 

produce 30 mushroom compare to untreated spawn 

only 10 mushroom at one time. 

 

CONCLUSION 

Spawn was successful treated with cold 

plasma. 5 SLM and 15s duration of treatment is the 

best parameter. 5 SLM and 15s has the highest 

growth rate of mycelium and produce the most 

mushroom. 
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INTRODUCTION 

Plasma is considered to be fourth state of 

matter [1] after solid, liquid and gas. It is fully 

ionized gas that consists of ions, electrons and 

uncharged particles such as atoms, molecules and 

radicals. Non-thermal plasma has become one of the 

new technologies which are rapidly developed. This 

happen due to ability of cold plasma to modify the 

surface properties of a material or product without 

changing the original characteristics of the material.  

 Oyster mushroom is the most versatile 

mushrooms and in Malaysia, oyster mushroom can 

easily obtained in market because it’s generally low 

in saturated fats and high in fiber and protein, and 

may reduce harmful blood cholesterol and act as an 

appetite suppressant [2]. Immune system can also be 

enhanced using mushrooms. 

 

EXPERIMENTAL SETUP 

To treat the spawn, plasma pencil is used. 

Treat the spawn with different flowrate (2 SLM – 6 

SLM) and duration of treatment (5s – 60s) with 

constant carrier gas (air) and voltage output (8 kV). 

After plasma treatment, the spawn is inject 

into substrate. To observe effectiveness of treated 

spawn, mycelium growth, quantity of mushroom 

and characterization of mushroom are investigated 

 

RESULTS AND DISCUSSION 

Figure 1 

shows that from overall graph, 5 SLM and 15s 

treated spawn fastest to complete the mycelium 

growth with only need 4 week compare to untreated 

that need 6 week. Figure 2 shows quantity of 

mushroom produce by treated and untreated spawn 

in the 1st cycle where 5 SLM 15s treated spawn 

produce highest amount of mushroom more than 

500g compare to untreated spawn only produce 

almost 150g. Table 1 shows diameter of cap, length 

and stalk thickness of mushroom where no 

significance different between them. The different 

only can be seen in quantity of mushroom where 5 

LSM 15s produce 30 mushroom compare to 

untreated spawn only 10 mushroom at one time. 

 

CONCLUSION 

Spawn was successful treated with cold 

plasma. 5 SLM and 15s duration of treatment is the 

best parameter. 5 SLM and 15s has the highest 

growth rate of mycelium and produce the most 

mushroom. 
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INTRODUCTION  

The transient dynamic behavior of ship is a 

result of coupling between three non-linear effects: 

sloshing of flood water, wave loading and ship 

dynamics. CFD shows great potential in simulating 

these transient effects. In this research, the 

OpenFOAM simulation was done for flooding of 

primitive shape barge as shown in Figure 1. 

     

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Dimension of Model of Primitive Shape Barge 

 

OBJECTIVE 

(a) To determine the dynamic response of ship 

structure under the effect of floodwater and 

wave in a transient stage 

(b) To determine the flooding time of the 

transient stage of a damaged ship structure 

 

METHODOLOGY 

The research methodology is separated into two 

part: 

(a) Simulation and experiment of damaged 

stability in still water condition with 

different size of water inlet and air outlet. 

(b) Simulation of damaged stability in Stoke 

fifth-order beam wave and head wave of 

period 2.06s, wavelength 4.2m, and wave 

height 1m. 

 

RESULTS AND DISCUSSION  

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Surface Plot of Volume Flow Rate for Still 

Water Condition 

 

 

 

 

 

 
Figure 3: Flow Visualisation Comparison 

 

 
 

 

 

 

 

 

 

 

 

Figure 4: Wave Input 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Roll Motion Under Beam Wave 

 

 

 

 

 

 

 

 

 

 

Figure 6: Roll Motion Under Head Wave 

 

 

 

 

 

 

 

 

 

 

Figure 7: Volume Flow Rate Under Beam Wave 

 

CONCLUSION  

It can be concluded that the flow visualization 

comparison between simulation and experimental 

result also showed an acceptable agreement. The 

larger the water inlet area and air outlet area, the 

higher the volume flowrate. Sloshing of floodwater 

will cause ship structure to vibrate in the secondary 

vibrational motion.
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INTRODUCTION 

The primary sources of parasite drag for the 

helicopter is source by bluff body drag which is from 

pylon, rotor-hub, fuselage and landing gear flow 

separation and interference [1]. Drag of the 

helicopter is also caused by flow separation in the 

region where the pylon to the tail boom. Large drag 

penalties results when using pylon with large frontal 

area because these can promote flow separation and 

also the formation of wake region at the end of 

fuselage. A great design of pylon can reduce the 

drag of helicopter but other consideration must be 

taken to avoid the others effect such as tail shake 

phenomenon. Due to the lack of experimental drag 

data, this research aims to investigate the 

aerodynamic drag characteristic on the helicopter 

fuselage by conduct wind tunnel testing and 

numerical analysis. 

 

EXPERIMENTAL  

This section presents the experimental 

setup for the system. We used single EEG signals of 

10- 20 international standard location (F8). The 

reference potential position was placed at the right 

ear lobe. An EEG paste was used to increase the 

electrode conductivity. The channel was directly 

connected into BMA-400 EEG-amplifier which 

provides specific gain constant for bio signal 

amplification. 

The EEG signal was digitized using 

National Instruments (NI)-PCI-6229 Data 

Acquisition Card (DAQ) which was connected into 

Peripheral Component Interconnect (PCI) slot of a 

personal computer’s (PC) motherboard. 

 

RESULTS AND DISCUSSION  

 The wind tunnel testing were conducted at 

the Universiti Teknologi Malaysia-Low Speed 

Tunnel (UTM-LST). The test section size is 2m x 

1.5m x 5.8m and the maximum wind speed of 80m/s 

[2]. Model that selected in this investigation is an 

ellipsoidal fuselage based on a simplified NASA 

standard model [3]. Main rotor-hub and pylon (or 

fairing) is also added were attached with the 

fuselage for the investigation. The wind tunnel tests 

were conducted for three different configuration of 

pylons which, 1) no pylon, 2) ellipsoidal pylon, 3) 

rectangular pylon. This experiment was test at 20 

m/s and 30 m/s wind tunnel speed and at -5 ̊ angle of 

attacks. Each configuration of pylon was run with 

the variation of rotor-hub speed which is 0 rpm, 

1400 rpm, and 1600 rpm. In addition, numerical 

analysis were also conducted to validate the results.  

The Figure 1 depicts the results of the 

comparison between these three configurations of 

pylon with two differences wind tunnel airspeed. 

The drag coefficient show the same trend for the 

both velocities. The results show that at 0 rpm of 

main rotor speed, the drag coefficient for rectangular 

pylon is the highest for the both wind speed. The 

value of drag coefficient for rectangular pylon is 

0.35998 at 20 m/s and 0.35585 ant 30 m/s. Besides, 

the drag coefficient for the no pylon configuration is 

the second highest while the fuselage with 

ellipsoidal pylon configuration has experience the 

least drag. When the main rotor rpm is increasing, 

the trend for the drag coefficient for no pylon 

configurations become the lowest. It means that, the 

main rotor speed is also contribute and effects the 

helicopter aerodynamics drag. The results for 30 m/s 

wind speed is can acceptable when validate and 

proven with the previous. The results for theirs study 

are within 0.2 to 0.3 where in the same range with 

this research [4]. While the range for drag 

coefficient at 20 m/s wind speed is slightly high and 

not stable when the rotor speed is increase. 

 
Figure 1: Comparison of drag coefficient for different 

type of pylons at wind speed, V=20m/s and 30 m/s and 

variable rotor-hub speed. 

 

CONCLUSION  

In conclusion, the objective of this study is 

achieved. Drag coefficient of the helicopter is 

dependent to the shape of pylon while it was 

independent to the wind speed and rotor-hub speed. 
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INTRODUCTION 

This research been done to investigate 

the aerodynamic drag characteristics, longitudinal 

and directional static stability on 3 three 

difference helicopter tails where it is chosen by 

commonly used and rarely used in real world. As 

we all know that the helicopter tail is contributed 

of vertical and horizontal stabilizer [1]. All the 

data for drag characteristic, longitudinal and 

directional static stability were gained by wind 

tunnel test at UTM-LST and Computational Fluid 

Dynamics (CFD). 

 

EXPERIMENTAL SETUP 

For making the wind tunnel models, 3 

processes are taken into account which are lathing 

and milling process, finishing process and 

attachment process. Next, for CFD models it all 

been designed by using Solidworks application 

using same dimensions that can be used at 

ANSYS application. 

 

RESULTS AND DISCUSSION 

For Figure 1 the graphs for all three 

models portray increase in drag coefficient with 

increase of angle of attack and at zero angle of 

attack, the least drag coefficient is produced like 

example research done by Ishak, Mansor, and 

Lazim [2] and by Batrakov et.al [3]. 

 For Figure 2, the fuselage only pitching 

moment coefficient graph portrays unstable 

longitudinal static stability which it has positive 

slope graph. Meanwhile, the graph for model 1, 

model 2and model 3 graph respectively show 

negative slope graph where it is considered stable 

in longitudinal static stability like example 

research done by Ishak, Mansor and Lazim [2]. 

 For Figure 3, as we can analyze, all 

helicopter models with tail show positive slope 

graph for yawing moment coefficient against yaw 

angle. This can be said that for the three of the 

models is directionally stable as shown research 

done by Ishak [4]. 

 

 
Figure 13: Comparison drag coefficient of all 

models for wind tunnel test in pitch 

 
Figure 2: Comparison pitching moment 

coefficient of all models for wind tunnel test 

 
Figure 3: Comparison yawing moment 

coefficient of all models for wind tunnel test  

CONCLUSION 

Based on all the results gained from both CFD and 

wind tunnel testing, it finalizes that fuselage with 

set pair of stabilizer of model 2 is the best for 

aerodynamics in drag characteristics and stability 

performance. 
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INTRODUCTION 

In helicopter performances, tail shake 

phenomenon plays an important role as it can affect 

overall performance, occupant comfort and handling 

qualities of helicopter. By knowing cause of tail 

shake phenomenon can help rotorcraft industry to 

manufacture helicopter with a good design. General 

complexity of modern, compact helicopter design, 

associated with scaling difficulties, are contributing 

factors towards limited success in predicting 

Interactional Aerodynamic (I/A) related vibration 

problems[1].  

 

OBJECTIVE 

 The objective of this undergraduate project 

is to conduct wind tunnel tests and numerical 

analysis to investigate the pressure characterization 

on fuselage in relation to the helicopter tail shake 

phenomenon. 

 

EXPERIMENTAL SETUP 

This experimental study is based a 

simplified NASA standard fuselage model was 

mated to a main-rotor-hub assembly from a remote-

control helicopter[2]. The model also equipped with 

two different types of pylon which is ellipsoidal 

pylon and rectangular pylon. The width of the pylon 

is 66mm, 296mm of length and 35mm of height. 

Blade-stubs configuration is a combination of main-

rotor-hub assembly with short blades. To determine 

the pressure distribution around the helicopter 

fuselage, the model was equipped with 28 pressure 

taps.  

 

RESULTS AND DISCUSSION 

The tail area shows that for fuselage 

rectangular pylon, the pressure slightly changes as 

the reduction of tail shake for rectangular pylon is 

the lowest. This shows that the rectangular pylon 

reduces the effect of rotation of rotor hub. The 

pressure changes for fuselage without pylon is 

decreases as rotation of rotor hub increases. This 

show that as the pressure increases the tail shake 

reduction decreases. Pressure in front of rectangular 

pylon is highest may cause from turbulence occur 

there. Meanwhile at the both sides of pylon the 

pressure distribution is unsymmetrical in 

comparison because the complex flow 

phenomena[3]. At tail area the rectangular pylon 

also has the highest pressure while most of time the 

fuselage without pylon has the lowest pressure. 

When no rotation of main rotor hub the pressure for 

fuselage with ellipsoidal pylon decreases but 

fuselage with rectangular pylon increases the 

pressure when compare to fuselage without pylon 

for right side of fuselage for both speed. This shows 

that when reduction of tail shake phenomenon from  

 

wake of rotor hub is decreases the pressure at the 

area of tail increases. Figure 1 show pressure for left 

fuselage with different configuration of pylon at 

different rotation of main rotor hub at 30 m/s. 
 

 
Figure 14: Graph of Cp against x/c for left fuselage 

with different configuration of pylon at different 

rotation of main rotor hub at 30 m/s. 

CONCLUSION 

As conclusion the rotation of main rotor hub does 

affect the upper part of fuselage at tail area and in 

front of pylon that does not change with rotation of 

main rotor hub. The rotation of main rotor hub will 

cause the wakes that make the pressure changes does 

contribute to tail shake phenomenon. The presence 

of pylon does decrease the tail shake phenomenon 

while increases the pressure around the pylon 

especially in front and rear of pylon. The side of 

fuselage also changes when the main rotor hub 

rotates according to direction of flow and the 

configuration of pylon.  
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INTRODUCTION 

Quadcopter or quadrotor aircraft is one of 

the UAV that is major focal points of dynamic 

researches as of late [2]. These days installed sensors 

are executed on the MAV, for example, IR sensors, 

Laser sensors, Stereo cameras and Ultrasonic sensor 

in order to evade obstacle and improve quadrotor 

flight control [3]. The linear control procedures 

dependent on PID feedback structure are habitually 

utilized with smaller scale copters for flight control. 

The quadrotor used ultrasonic as a sensor to measure 

distance and the data will be used to trigger the 

avoidance mode. During flight, the measurement 

experience noise which will disturb the flight mode. 

Therefore, a filter should be applied to reduce those 

noise such as median filter method according to 

Muhammad Fazlur Rahman [4].The obstacle 

avoidance algorithm or concept divides into two 

parts which are operation control and collision 

avoidance control. Then, the collision avoidance 

control divided into slow avoidance area and rapid 

avoidance area in order to make sure the pitch angle 

not to be changed largely. In this project, the 

algorithm of obstacle avoidance system is design 

and implemented to the quadrotor in order for the 

quadrotor to avoid obstacle. The result of pitch angle 

and roll angle will be discussed to prove that 

quadrotor able to avoid obstacle. 

 

EXPERIMENTAL SETUP 

The study of quadrotor with 

implementation of obstacle avoidance by using 

ultrasonic sensor is carried out. Quadrotor is 

fabricated with additional ultrasonic sensor to aided 

the obstacle avoidance system. The fabricated 

quadrotor undergoes flight testing and the 

performance and response will be analyses and 

discussed. 

 

RESULTS AND DISCUSSION 

Two types of flight test method are 

conducted in this project which is static test and 

flight test. Initially, static test is carried out to ensure 

the quadrotor calibration process and the obstacle 

avoidance response accordingly. 

When there is an obstacle detected, at 

around time 07:59:56.000 the output value of roll 

angle increase drastically which show that the 

quadrotor reacts when there is an obstacle detected. 

There are several reasons for this behavior, the 

increasing in output value of roll angle tells that the 

quadrotor moving to the right. The more positive 

value of roll angle show that the quadrotor moves to 

the right while the more negative value of roll angle 

means vice versa which is to the left. For about 6 to 

8 seconds the roll angle stay higher or maintain the  

 

output value around -0.7 where the motion of 

quadrotor is moving to the right because the obstacle 

is still detected. After certain amount of time the 

output value of roll angle decrease and return to its 

original level and stabilize the quadrotor again. 

At the start. the pitch angle also begin with 

around 0.8 this is because there might be some error 

or miss calibration occur. However, the quadrotor is 

still stable in this flight mode. Let assume the pitch 

angle begin with 0, the result of roll angle and pitch 

angle is quite the same, both of them gives 

appropriate response when there is an obstacle 

introduce to the sensor. The output value of pitch 

angle around 07:59:56.000 decreasing or towards 

negative value which means that the quadrotor is 

moving to the front because the obstacle is at the 

back of quadrotor. After the obstacle is clear from 

the sensor detection range, the pitch value of 

quadrotor return to its original point to maintain 

back the attitude position of quadrotor. 

 

 
Figure 1 : Pitch angle result 

 
CONCLUSION 

The implementation of obstacle avoidance 

for quadcopter using ultrasonic sensor have been 

done. The result shows that quadcopter successfully 

avoiding or keep distance in obstacle avoidance 

flight mode when the obstacle’s distance is less than 

defined distance parameter. This project can be 

further studied to development more stabilize and 

improve quadrotor with obstacle avoidance system 

by using ultrasonic sensor. 
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INTRODUCTION  

FlightGear is used to simulate the flight of 

A380. FlightGear is a free, open-source flight 

simulator. A380 is the largest double-deck 

commercial aircraft flying today. It is the world’s 

largest passenger airliner manufactured by Airbus. 

In this study, only one type of aircraft motion is 

focused – longitudinal motion. The mode for the 

longitudinal motion of an aircraft can be divided into 

two: short period and phugoid. The dynamic 

response of A380 is then studied and compared to 

the longitudinal flying qualities. 

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for the system. By setting and communicate 

between FlightGear and Octave programs, 

FlightGear able to send the flight data to Octave. 

Then, A380 is flied the simulation software. The 

baca2.m is run simultaneously in Octave to record 

the flight data for analysis purpose. 

The short period and phugoid motion of the 

aircraft are performed in the FlightGear simulation. 

The flight data is plot by using Octave and the 

graphs will show the motion of the aircraft.  From 

the graphs plotted, the damping ratio and natural 

frequency for that particular flight condition can be 

obtained. The damping ratio for both motions are 

compared to the aircraft longitudinal flying qualities 

(Ref: MIL‐SPEC‐8785C). 

 

RESULTS AND DISCUSSION  

A380 is flied in FlightGear with different 

flying conditions. The flying conditions are changed 

with different altitude with constant speed. The 

flight data is recorded and the aircraft’s dynamic 

response is plotted. From the data and graphs 

obtained, analysis on the damping ratio of the 

aircraft can be done and make a comparison. 

Table 1 demonstrates that the damping 

ratio for A380 flying at various altitude (with and 

without autopilot) has fulfilled the Level – 1 of 

flying quality which is the damping ratio is between 

0.35 and 1.3. Level – 1 of flying qualities. Besides, 

when autopilot is activated, the damping ratio for the 

aircraft is greater compared to without autopilot 

activated when flying at the same altitude.  

In order to fulfil Level – 1 of flying quality, 

the phugoid damping ratio has to greater than 0.04. 

Table 2 shows that the phugoid flying qualities for 

all the flying cases (with autopilot and without 

autopilot) is Level 1. And similar to the short period 

motion, the damping ratio for phugoid motion in 

activated autopilot mode is greater compared to 

flying cases without autopilot. 

 
 

 

Table 1: Short period results 

 

 

 
 

 

Table 2: Phugoid results 

 

 
 

 

 

CONCLUSION  

From the analysis on A380’s longitudinal 

motion, the results show that A380 has a very good 

and stable longitudinal flight control as the flying 

qualities are all in Level – 1.  The damping ratio of 

the aircraft is significant affected by the flying 

altitude.  For both short period and phugoid motion, 

the aircraft will damp less when it is flying at higher 

altitude.   
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Altitude (ft) Velocity (knots) Damping ratio Flying Quality

8202.5 540.0 0.551867798 Level 1

27560.4 545.0 0.540864641 Level 1

41645.7 523.8 0.508345549 Level 1

Without 

AUTOPILOT

Altitude (ft) Velocity (knots) Damping ratio Flying Quality

6562.0 550.8 0.786714635 Level 1

27752.5 560.1 0.669171918 Level 1

41583.4 545.3 0.580435721 Level 1

With 

AUTOPILOT

Altitude (ft) Velocity (knots) Damping ratio Flying Quality

8202.5 540.0 0.360128697 Level 1

27560.4 545.0 0.352481147 Level 1

41645.7 523.8 0.306077806 Level 1

Without 

AUTOPILOT

Altitude (ft) Velocity (knots) Damping ratio Flying Quality

6562.0 550.8 0.59919326 Level 1

27752.5 560.1 0.428602967 Level 1

41583.4 545.3 0.404368797 Level 1

With 

AUTOPILOT
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INTRODUCTION 

The engineering flight simulators reduce 

lifecycle costs because development and testing 

of complex aircraft systems can be done before 

actual flight tests[1]The simulator provides useful 

data that can be used to assess performance and 

behaviour of the aircraft and its systems. 

Moreover, the response of aircraft systems can be 

visualized in various platforms[2]. Flying 

qualities of an aircraft are related to the stability 

and control characteristics. It can be used to 

describe the stability and control characteristics of 

an aircraft for given flight cases which allow pilot 

to give opinion toward the level of flying 

qualities[3].  

 

EXPERIMENTAL SETUP 

The aircraft will be experimented with 

the PID systems or the autopilot system turn off 

and turn on. Thus, we can see whether the 

autopilot system is helping the aircraft in terms of 

stability or not. The aircraft also will be flying at 

3 different altitudes; 10,000ft, 35,000ft and 

50,000ft. From these 3 altitudes, there might be a 

relationship between the altitudes and the stability 

system of the aircraft. Specifically, we will be 

investigating its Pitch Rate and Pitch Angle 

Response, obtaining the damping ratio, 𝛿 , and 

natural frequency, 𝜔𝑛, can be calculated. These 

damping ratio values will be compared with the 

aircraft Flying Qualitites and get the level at all 3 

different altitudes for short period and phugoid 

motions. 

 

RESULTS AND DISCUSSION 

At all 3 experimental altitudes show that 

the aircraft is flying with stability. We can see that 

for both motions; Phugoid and Short Period, when 

the aircraft is flying with PID systems turn off, the 

damping ratio is much higher as compared to 

when the aircraft is flying with the PID systems 

turn on. This can be assumed that the PID systems 

would allow the aircraft to fly with a better 

stability as the damping ratio is higher thus the 

aircraft can perform both motions; Phugoid and 

Short Period, easily and without causing a mess 

or disturbances on the aircraft. Table below shows 

data for short period motions. 

 

CONCLUSION 

In short, as the aircraft possess PID 

system that would definitely help with the  

 

 

stability augmentation of the aircraft, it is correct 

to assume that with the use of PID system the  

 

Table 1: Aicraft Characteristic Without Autopilot 

Table 2: Aircraft Characteristic with Autopilot 

aircraft can produce a better flight dynamic. The 

use of control laws with non-conventional 

response characteristic, specifically a normal 

acceleration response characteristic, gives very 

desirable flying qualities for the approach and 

landing task with a reduced workload compared 

to a classical aircraft, and these control law types 

may be used in other tasks such as a formation 

flying task. 
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Altitude, 

ft 

Velocity, 

knots 

Damping 

Ratio 

Flying 

Quality 

With 

Autopilot 

10,000 543 0.389376986 Level 1 

35,000 541 0.27281987 Level 1 

50,000 540 0.417530827 Level 1 

  Altitude, 

ft 

Velocity, 

knots 

Damping 

Ratio 

Flying 

Quality 

Without 

Autopilot 

10,000 543 0.482859977 Level 1 

35,000 545 0.4054794 Level 1 

50,000 545 0.383831896 Level 1 
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2. INTRODUCTION 

In SLAM, a robot must construct a map 

of the environment, while simultaneously 

localizing itself relative to this map. The 

problem of SLAM is described in probabilistic 

form of robot state vector [1]. There exists a 

probability of robot in estimating its state vector 

while observing any landmark. This problem is 

more challenging than localization or mapping, 

since neither the map nor the robot poses are 

provided making this problem a ‘chicken or a 

egg’ problem. While the robot vehicle is 

mapping its surroundings and localizing itself at 

the same time, it is possible for the vehicle to 

collide with the obstacle either in manual or 

autonomous mode, especially UAV with 6 DOF 

motion. 

 

3. FLIGHT TESTING SETUP 

The simulated UAV is assembled with 

3DR Iris quadcopter body model, multiple HC-

SR04 ultrasonic sensors and Microsoft Kinect 

camera controller with Ardupilot as autopilot 

firmware. It will be tested with Software In The 

Loop (SITL) and Gazebo simulator on top of 

Robot Operating System (ROS). MAVlink will 

be used as the communication protocol with 

UAV during flight testing. The simulated indoor 

environment is constructed with multiple walls 

to form a sets of maze-liked obstacles. Each wall 

is differentiated with uniques images for testing 

of visual odometry performance. 

 

4. RESULTS AND DISCUSSION 

The UAV flight evaluation test is 

performed by evaluating its localization 

performance to hold vehicle altitude and 

position using visual odometry data from 

RTAB-Map VO node. Figure 1 and 2 shows that 

the x-axis and y-axis localization data from 

mavros indicates that EKF2 system of UAV 

fails to fluctuate along the two axes but keep 

deviating from its origin as simulation time 

increases. Although RTAB-Map visual 

odometry provides larger errors of localization 

data from origin in both axes, the EKF2 system 

of UAV only accepts localization data from  

 

RTAB-Map with errors less than certain guess 

values. 

UAV is then manually positioned in the 

simulated indoor environment at guided flight 

mode. The results collected is the constructed 

3D maps in the representation form of 

octomap as shown in figure 3. All the walls 

had been successfully mapped with their 

respective location but some alignment of the 

walls are not properly mapped. These mapping 

errors of structure alignment occur when UAV 

yaw angle is not exactly of 90 degrees in 

turning motion of headings. 

 

Figure 1: Graph of x-axis localization data for 

simulation of loiter mode 

 

Figure 2: Graph of y-axis localization data for 

simulation of loiter mode 

 

Figure 3: Plan view for constructed octomap 

 
5. CONCLUSION 

UAV flight testing had been performed 

through simulation with evaluation of SLAM, 

collision avoidance and path planning 

performance. 
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INTRODUCTION 

EMDAP CVT uses an Electro-Mechanical 

(EM) actuation that consist of DC motors, gear 

reducer and power screw mechanism. DC motor 

plays the main part for this system as it actuates the 

power screw mechanism to move the pulley sheaves 

simultaneously in order to change the CVT ratio. 

A control system is needed in order to get the desired 

CVT ratio as it can control the final position of the 

pulley sheaves. In order to developed a control 

model, a DC motor model must be developed first to 

get the output that will needed for the actuation 

system. In this project, a DC motor model is 

developed and a simulation is running using Matlab-

Simulink. 

 

MODELLING OF A DC MOTOR 

In EMDAP CVT, DC motor acts as the main 

actuator for the system. The related equation for this 

system will be used to get the transfer function and 

block diagram for DC motor.Then the parameters 

values are identified by using the equation and the 

model of a DC motor is developed by using Matlab-

Simulink software. The specification of the DC 

motor used in this project is shown in Table 1. 

 
Table 1: Specification of the DC motor 

 
 

The block diagram of a DC motor is as shown in 

Figure 1: 

      
Figure 1: Block diagram of a DC motor 

 
Table 2: DC motor parameters values 

 
 

 
Figure 2: DC motor Simulink model 

Figure 3: Speed-torque curve simulation result compared 

to data sheet 

 

RESULTS AND DISCUSSION 

The simulation results is plotted and 

compared with speed-torque curve given on data 

sheet. The maximum data sheet torque is 4 Nm 

while simulation result is 3.948 Nm. As for the rated 

torque, from the data sheet the value is 0.731 Nm 

while simulation result is 0.657 Nm. By compared 

the result of the simulation and the data sheet curve, 

the mean error percentage calculated is 1.3 %. The 

small percentage of error make the result reliable 

and conclude that this DC motor Simulink model 

can be used for EMDAP CVT simulation to vary the 

ratio. 

 

CONCLUSION 

The simulation results show that this model can be 

apply to vary the ratio of the EMDAP CVT. The 

study of the project had shown that the EMDAP 

CVT actuator behaviour can be ideally modeled by 

mathematical equations.  
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INTRODUCTION 

Pulley-based continuously variable 

transmission (CVT) with Metal Pushing V-belt is a 

variety of automotive transmission that is commonly 

applied by many car manufacturers worldwide. The 

motivation for using a continuously variable-

transmission in an automobile is to achieve a 

continuously variable-transmission of power, which 

allows the internal combustion engine to operate at 

its most efficient operating point for a given power 

requirement. Since CVT is only able to transmit the 

power from input to the output in one direction, 

therefore a reverse-forward mechanism is needed 

for the CVT. Electro-Mechanical Dual Acting 

Pulley (EMDAP) CVT consists of two movable 

primary pulley sheaves at the input shaft, two 

movable secondary pulley sheaves at the output 

shaft and a metal pushing V-belt joining these two 

pulleys. In this project, to design reverse-forward 

mechanism for CVT. The reverse-forward 

mechanism must be able to adapt Electro-

Mechanical Dual Acting Pulley (EMDAP) CVT 

UTM. 

 

EXPERIMENTAL SETUP 

The study is focusing on the basic concept 

for reverse-forward mechanism. Problem identified 

by go through the existing design of reverse-forward 

mechanism. Product design requirement need to be 

done after identify the problems. Several conceptual 

designs are proposed and evaluated to select final 

design. When the final design has been decided, 

each of the component will be considered based on 

force flow analysis. Any modification can be made 

if there is any problem. 

 

RESULTS AND DISCUSSION 

In neutral mode, neither synchronizer nor 

brake band mechanism is engaged. Power inputted 

to the sun gear will not transmitted to the output 

Assume the sun gear is rotating in clockwise 

direction. First planet gears are rotated by sun gear 

in opposite direction while second planet gears are 

rotated by first planet gears in clockwise direction. 

Ring gear is forced to rotate same direction as the 

second planet gears. No power transmitted to the 

planet carrier and the output is stationary. In forward 

motion, the synchronizer which is splined on the 

input shaft slides to engage with the planet carrier 

second side member. The synchronizer sleeve slides 

over the external protrusions of the synchronizer 

ring and planet carrier second side member. This 

locks the planet carrier side member to the input 

shaft. As a result, the planet carrier is forced to rotate 

as input shaft. All gears in the planetary gear set 

rotate synchronously as a single unit.  

 

In reverse mode, the synchronizer is disengaged 

from the planet carrier second side member. Next, 

brake band mechanism is engaged to locked the 

rotation of ring gear. In this state, power flows from 

sun gear to planet gears to planet carrier. Assume 

sun gear is rotating in clockwise direction. It turns 

the first planet gears in opposite direction and 

second planet gears are rotated in clockwise 

direction by the first planet gears. Since the ring gear 

is locked by the brake band mechanism, the planet 

carrier is forced to turn in opposite direction as the 

input shaft. As a result, it will move in reverse 

motion. 

 
 

 Figure 1: Power flow through the reverse forward 

mechanism (forward mode) 

 

 
 

Figure 2: Power flow through the reverse forward 

mechanism (reverse mode) 

 
CONCLUSION 

The design consists of a planetary gear set 

with double planet gears, synchronizer, and brake 

band mechanisms. It is capable to operate in three 

output modes which are reverse, forward and neutral 

mode. 
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INTRODUCTION 

In recent years, the world fuel price 

continue rise and give an impact on cost of living 

standards [1]. Therefore manufactures have focused 

on the production of a vehicle that can save fuel 

consumption. The products is on the development of 

an efficient automotive transmission and a pulley-

based continuously variable transmission (CVT) has 

been selected as the best transmission to eradicate 

the problem [2]. However todays, there are many 

type of CVT transmission and some consume high 

power from the engine. So there is a solution which 

to use the Electro-Mechanical Dual Pulley 

(EMDAP) CVT. EMDAP CVT utilizes with two 

brushless DC electric motors as actuator and power 

screw mechanism [3]. These two brushless DC 

(BLDC) motor are uses to actuate axial movement 

of primary and secondary pulley during the 

changing of ratios transmission. Thus, it can save 

power consumption from engine.  

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for the system. There include of the 

mechanical setup and the electrical setup. For the 

mechanical parts, the BLDC motor should be place 

at the motor holder and with the 24v battery, the 

BLDC motor will directly operate. For the electrical 

setup only focus on the connection between the 

force sensor LC8300 Series Donut and the Arduino 

Leonardo Microcontroller. This sensor is set to read 

the force up to 22kN and gives 5v signal voltage 

with the help of DMD4059 amplifier. After that, 

MATLAB Simulink Arduino Model is being builds 

so that clamping force and torque of BLDC motor 

required well earned. 

 

RESULTS AND DISCUSSION 

There are two outputs obtained from the 

experiment conducted on the EMDAP CVT. The 

two outputs are the clamping force from the disc 

spring and the torque from the BLDC motor. The 

results of the clamping force should be taken from 

both side of the V-belt because the force occurs in 

between the V-belt. The experiment result also has 

been shortened because the condition only consider 

the earlier process of clamping, middle clamping 

and the maximum limits for the clamping force. The 

result of the experiments is as shown in the Table 1. 

The simple graph as shown in Figure 1 also has been 

made to show the relation between these two outputs 

which are the torque from BLDC motor and the 

clamping force from disc spring. The torque from 

BLDC motor rises as the clamping force from the  

 

 

disc spring increase. The sufficient clamping force 

is important to the performance from CVT. 

 
Table 1: Experiment results 

 
 

 
Figure 1: Torque BLDC motor against clamping force 

 

CONCLUSION 

As the conclusion, the objective of the final 

year project that been carried out is successful 

archived since the specification of the brushless DC 

(BLDC) motor obtain is suitable with the Electro-

Mechanical Dual Acting Pulley (EMDAP) CVT test 

rig.  
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INTRODUCTION 

 Transmission is mechanism that transmit 

the power developed from the engine to the driving 

wheels. For manual transmission, the driver has to 

manually select and engage the gear ratio. However, 

the visibility of the manual transmission operation is 

hard to be seen in real life as it works in internal 

housing. The objective of this study is to design a 

test rig that will demonstrate the operation of 

changing ratio in manual transmission. The design 

should be done until CAD (Computer-Aided 

Diagram) and also come along with analysis of 

structure. 

 

EXPERIMENTAL SETUP 

This section presents the information 

gathered and setup for the design process. Start with 

the gear selector of manual transmission. It is 

controlled by a shift lever that connected to 3 rods 

and each of them connected to a fork. The fork will 

engage to the gear ratio desired.  

Some study on existing test rig also has 

been done. There are some improvement need to be 

done based on the existing test rig. The input shaft 

of the transmission should be operate to make the 

operation more clear. Then, it also not portable to 

make it easier for exhibition.  

Design needs have been listed before it 

comes to design requirements and also PDS 

(Product Design Specification). Several conceptual 

design sketched based on the PDS. Then, the 

conceptual designs evaluated to be chose as the best 

conceptual design.  . 

 

RESULTS AND DISCUSSION 

In this chapter, the final design has been 

selected based on the ability of the design to achieve 

the main objectives and also the design 

requirements. The design concepts also produced 

with some changes and improvements on the 

selected proposed design concepts. The 

improvements are needed so the final design 

concepts is suitable to be fabricated. 

 

 
Figure 1: CAD drawing of final design 

 

Figure 1 shows the final design concept 

being simulated by using Computer-Aided Diagram 

(CAD) software. The design of the Manual 

Transmission Test Rig comprises of a few primary 

significant parts which is rig structure, gear shifter, 

the wall structure and also the adapter.  

 
Figure 2: Stress analysis on the wall of final design 

  

Analysis has been done in several relevant parts. 

Figure 2 shows o the stress analysis simulation done 

by using SOLIDWORKS after taking consideration 

of 10kg load. the stress occur at the wall is not in 

critical condition. The maximum stress occur on the 

component is around 1.795e+005N/m2  

 

CONCLUSION 

Manual transmission test rig is designed according 

to the factor of safety and customer needs. The main 

objective for the test rig is to demonstrate the 

operation of changing transmission ratio in the 

manual transmission. For this project, test rig can 

help the development of transmission and study 

their behaviour 
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INTRODUCTION 

This paper introduces an electro-

mechanical, dual acting pulley, continuously 

variable transmission (EMDAP CVT) in term of 

measuring the ratio by simple manual calculation. 

The power screw mechanism introduces in 

EMDAP CVT, hence there is a relation between 

the DC motor to the CVT ratio. This system use 

DC motor to rotates the power screw mechanism. 

So, the relation from DC motor is determine to 

know the ratio because there is still no system that 

relate the DC motor to the CVT ratio. The rotation 

of DC motor determines how much the CVT ratio. 

Hence this objective is to establish the 

relationship between DC motor and CVT ratio 

and also to design and develop MATLAB 

Simulink to the corresponding relation. EMDAP 

CVT consists of sheaves that control the 

arrangement of the pulley whether to clamp or 

release according to its corresponding action [1] 

and also consist of two DC motor which control 

the movement of the primary pulley and 

secondary pulley which is triggered the power 

screw and also adjusting the clamping force [2]. 

As conclude, the relation from DC motor to CVT 

ratio is increasing linearly and positive slope.  

 

METHODOLOGY 

Depending the angle wrapped pulley 

which is from 0° to -12°, the value for primary 

and secondary radius will be identified and to be 

used to calculate the power screw movement. 

This is to ensure the problem might be happening 

can be reduced when conduct the project. 

Before proposing a measuring system for 

this project, several assumptions for this system 

conditions are made to simplify the calculation for 

this EMDAP CVT. The ratio consider is 

underdrive ratio which is from 1.0 to 2.0 and the 

angle wrapped pulley is set up from 0° to -12°. 
 

RESULTS AND DISCUSSION 

 At the end of control procedure, the 

reference value for the calculation is set up which 

is angle wrapped pulley (𝜃). Next, the equation 

length of belt equation is use to gain the value 

radius of primary and secondary pulley by 

simultaneously with equation radius of primary. 

Then, the value obtained is use to fit in to the 

equation form displacement to get the value. To 

get the relation, value of displacement calculated 

is applied to get the relation to the DC motor. 

After that, the voltage from position sensor or  

 

potentiometer is achieved followed by axial 

movement from the both pulley. Hence, the result 

is discussed and analysed.  
 

 

Figure 1: Power screw Vs Rotation of DC motor 

 

 

Figure 2: Voltage Vs Primary Axial Position 

 

CONCLUSION 

We have shown the relation of the DC motor to 

the power screw. The value can be used to 

calculate the CVT ratio. Also, the voltage gain is 

increasing linearly to the primary axial position.  
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INTRODUCTION 

Low carbon steel pipeline is being widely 

used in oil and gas industries due to its flexibility to 

low cost and ease of fabrication. However, the 

drawback of using this kind of steel is low corrosion 

resistance due to its low carbon content in it, only up 

to 0.3%, added with exposure to harsh environment, 

causing high tendency to increase the corrosion rate. 

As for that, the right choice of coating material on 

the pipeline may reduce the frequency of painting 

maintenance and the pipe life. Recently, Graphene 

Oxide had been studied by many researchers in 

alternative to enhance corrosion protection. 

However, its application is not well reported 

especially in offshore industries.The aim of this 

study is to compare the effectiveness of zinc rich 

epoxy coating with GO as a filler on corrosion 

resistant. 

 

MATERIALS AND EXPERIMENT SETUP 

Zinc rich epoxy was mixed with GO at 1% 

wt., 3% wt. and 5% wt. GO. and the thickness that 

were study were 80 µm, 160 µm and 240 µm. The 

substrate material was a low carbon steel with 0.3% 

Carbon content. Corrosion performances on the 

coated pipes were evaluated using OCP and 

Potentiodynamic Polarisation curve. Salt solution 

used in Potentiodynamic tests was 3.5% wt. NaCl. 

 

RESULTS AND DISCUSSION 

Based on OCP plot in Figure 1, the studied 

samples from 80 µm, 160 µm and 240 µm for 

different composition of GO show the same trend 

overall in which it observed that 5% wt. GO is 

thermodynamically resistant to 3.5% wt. NaCl 

followed by 3% wt. GO and 1% wt. GO. This trend 

is compatible to previous study such that the nearest 

OCP that shifted to positive values is the one that 

added GO in the coating system. 
Based on Potentiodynamic Polarization 

curve in Figure 2, the studied samples at 160 µm for 

different composition of GO show the trend such 

that 5% wt. GO show significance value of corrosion 

rate that is slower compared to 1% wt. GO. The 

lowest corrosion rate was in the 5% wt. GO at 

4.31633e-6 mmpy compared to 1% wt. GO, the 

corrosion rate calculated is 0.117451e-3 mmpy. The 

corrosion rate is decreasing in the trend of increasing 

composition of GO. This is understandable since the 

polymer in paint combined with high surface area of 

semi-conductive properties and oxygen 

functionalities introduce in GO structure [1,2] make 

the behaviour of coating insulated to the resistive 

electrolyte and thus slowing down the charge  

 

transfer from metal substrate to corrosive 

environment. 

 

 
Figure 1: OCP plot 

 
Figure 2: Potentiodynamic Polarisation curve 

 

CONCLUSION 

The OCP and Potentiodynamic Polarisation curve 

have proved the fact that it is possible to develop anti 

corrosion properties for low carbon steel pipe in 

offshore industries. 
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INTRODUCTION 

 Nowadays, the urgency of the always 

growing markets require continuous adaptation of 

company offers. The development and constant 

improvement of the quality would be to anticipate 

the developments to fully satisfy the requirements 

and expectation of each partner (staff, customers and 

other stakeholders) and to maintain competitive 

value. Company will try to minimize the cost with 

the increasing of the revenue, same goes to the 

company that we conduct our experiment. The 

product ring tag need to be done in a good condition 

between the specification because it’s used for 

medical purpose but with the high of reject finished 

product, the company suffer loss thus improvement 

should be made to reduce the overall defect rate of 

the final product as well improve overall process.  

 

METHODOLOGY 

The methodology of the project comes out 

as a step by step process. First is to be looking at 

defects data that have occurred for the past one-year, 

raw data will be obtained and then analyzed using 

quality control tools. The steps to defining the 

problem, to measuring the problem, to analyze the 

factor that affecting the problem, to improve process 

so that the yield loss can be reduce and to control the 

improved process 

 

RESULTS AND DISCUSSION   

 An experiment has been conducted for the 

product by using full factorial experiment based on 

three factors with two levels for each factors, and 

from the result we plot the main effect and the 

standardize pareto chart to determine the optimum 

parameter and significant factor, as shown in Figure 

1 and Figure 2. 

 

 
Figure 1: Pareto chart of the standardized effects 

 

 

 

 

 

 

 

 

 
Figure 2: Main effects plot for inner diameter 

fitted means 

 

CONCLUSION 

It can be concluded that optimal 

combination of process parameters toward the 

response for inner diameter of the ring tag which 

is the normal viscosity glue, without using pp plug 

and aluminum tray material increase the process 

capability from 1.10 to 1.55 as shown in Figure 3 

(a) and (b). 

 

 
Figure 3: Optimal combination of process 

parameters (a) for current process (b) after 

confirmation run 
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INTRODUCTION  

The case study is done at a brush 

manufacturing company. This company is located at 

Senai, Johor. The company actually need to produce 

the products according to Dyson’s specification 

because this company is a sub-contract to Dyson. 

There are a lot of variety of component for vacuum 

parts such as motor head, brush bar, air brush and 

others. The main focus of this case study is for brush 

bar component. DOE method is use because it is a 

systematic method which can determine the 

relationship between factors affecting the 

manufacturing process and the output of the process. 

 

EXPERIMENTAL SETUP  

This experiment is actually to identify the 

most crucial factors which is in term of impact on 

the response variable by consider the number of 

factors that can be deal with feasibly. Then, the 

process identification for desirable levels of the 

selected factors need to be done [1]. By focusing on 

ultrasonic thermoplastic welding process, full 

factorial experiment design is used and there are 

three control factors that affecting the strength of 

welding that have been identified. Since the number 

of factors is not too many, this full factorial 

experiment design is suitable to use. The total 

number of treatments is 2𝑘. Thus, three factors, each 

at two levels, 8 treatments. The full flow of 

experimental procedures which indicate the 

ANOVA been adopted for determining the optimal 

conditions. 

 

RESULTS AND DISCUSSION  

The parameters and the high and low 

setting of each parameters is based on discussion 

and brainstorming among the engineers at the 

company which is weld time, pressure and delay. 

From the result of ANOVA table, we assume that 

the confidence interval will be (α=0.05). The results 

of Pareto Chart in Figure 1 exists when data have 

been analysed. The bars that represent factors C, 

ABC, AB and A cross the reference line in Pareto 

Chart which is at 2.12. These factors are statistically 

significant at the 0.05 level with the current model 

terms. 

Model development and prediction of weld 

strength. Confirmation runs is done after the 

analysis of the experiment was completed. The 

value coefficient of significant factor from the 

AVOVA table will be included in the calculation. In 

order to increase the weld strength, the optimum 

setting will be selected from main and interaction 

plot which have the high mean value of strength 

weld. A new model and setting has been develop.  

 

The run for confirmation run test will based on the 

new model as shown as in Table 1. The results 

obtained for average strength weld at the optimal 

condition is about 33.33 N which is plus/minus 10% 

from the predicted value, so the results is valid. 

Besides, the effect on the microstructure at welding 

surface also been explained and the experiment was 

conducted by Scanning Electron Microscope (SEM) 

machine. 

 

 
Figure 1: Pareto Chart of the Standardized Effects. 

 

Table 1: Confirmation Run Test Results 

 
 
CONCLUSION  

The objectives of this study have been 

achieved which is to identify the parameters that 

affect the ultrasonic welding process, performing 

the DOE and to verify the factor that affected the 

strength of welding. 
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INTRODUCTION  

With the increasing use of pipelines, it is 

necessary to assess the long–term operation of 

pipelines in the ocean. Over the last decades, the 

stability of submarine pipelines has been a subject 

of significant concern for engineers and researchers. 

They found it is often the currents and the waves that 

lead to scouring below the pipelines and cause 

pipelines to become suspended, and finally broken. 

They also realized that in scouring it is always the s 

factor that induces failure of submarine pipelines. 

With the force of currents and waves, the sediment 

under the pipeline is first eroded, and then a hole is 

formed, and then, the hole becomes deeper and 

wider, at the same time, scouring propagates along 

the axis of the pipeline. That is briefly the scour 

process. 

 

NUMERICAL MODEL 

 
Figure1: Computational domain and phase configuration 

 

Simulations showed that this time-step is 

small enough to ensure the solutions and are 

independent on time-steps. 

The steps for our simulation can be 

summarized as follows: 

1) Generate the grid. 

2) Use the mixture turbulence model in the 

Flow 3D solver to calculate the fully 

developed velocity and turbulence for the 

fluid phase. 

3) Use the Eulerian two-phase model in the 

Flow 3D solver to calculate the solid-fluid 

interactions as well as the velocity of solid 

phase, using fully developed velocity from 

step 2) as the input. 

 

RESULTS AND DISCUSSION 

The current scouring around the pipelines 

are concern in engineering safety. Meanwhile, the 

pipeline will also cause local hydrodynamic 

environment changes. The simulation results 

showed that for several depth of pipeline, 

considering only unidirectional currents caused by 

local scour. The location of maximum scour depth is 

at the downstream side of the pipe. Along with the 

narrowing of the initial gap between the pipeline and 

sand bed, scour depth increases. Around the 

pipeline, strong wakes and vortexes usually occur,  

resulting in even stronger scour around the pipeline.  

 

 

For the deep water, tidal flow is thought to be the 

main factor that induces local scour. 

 A faster scouring rate during the period 

between 500 and 1,500 minutes indicates that the 

bottom layer depth determines the initial scour rate. 

The solid line shown indicates that the scour depth 

no longer changes after 2,500 minutes. The effects 

of initial velocity, pipe diameter and sediment 

particle size are considered simultaneously in 

analysing the movement of sediment around the 

pipeline. The scour depth shows a general 

reasonableness for sediment particle size 

distribution. When sediment particle size is large, 

the bed surface sediment gradually becomes 

difficult to start. This can be reflected in the figure 

6.9. When the sediment particle size is small, the 

situation is not different, which results in the size of 

the relevant response for scour depth. The scour 

depth increases with time and then tends to limit the 

final equilibrium state. 

 
Figure 2: Comparison between 4 different grain size 

 
CONCLUSION  

Scour prediction scour depth and scour 

protection showed in this paper. 
 

REFERENCES  

[1] Mao, Y. (1988). Seabed scour under 

pipelines. In OMAE 1988 Houston.  Proc. 

7th Int. Conf. on Offshore Mechanics and 
Arctic Engineering, Am. Soc. Civ. 

Engineers, Houston, TX, 7-12. 

[2] Sumer, B. M., & Fredsoe, J. (1991). Onset of 

scour below a pipeline exposed to waves. 

The First International Offshore and Polar 

Engineering Conference.  
 

 

 



Procedia Undergraduate Mechanical Engineering Research 

Volume 1, September 2019 

 

68 
 

ALLOWABLE FREE SPAN LENGTH OF OTEC COLD SUBSEA PIPELINE 

Hariz Azhar and Jaswar Koto 

School of Mechanical Engineering, Faculty of Engineering, 

Universiti Teknologi Malaysia, 81310 UTM Skudai, Johor, Malaysia 
 

INTRODUCTION 

Ocean Thermal Energy Conversion 

(OTEC) is a marine renewable energy technology 

and a process that can produce electricity by using 

temperature difference between the warm surface 

ocean water and deep cold ocean water. The OTEC 

power plant uses warm water at sea level with 

temperature around 25 degrees Celsius to vaporize a 

working fluid, which has a low boiling point, such 

as ammonia [1]. The water vaporizes ammonia will 

drive the turbine and generate electricity. The 

critical part of the entire operation for this subsystem 

is the cold water pipe (CWP) due to its large size of 

diameter and height, and the operating environment. 

The OTEC power plant extract large amount of cool 

water from the deepest layer of the ocean through a 

long cold-water pipe (CWP). The floating ocean 

thermal energy conversion (OTEC) system usually 

consist an up to 500m long cold-water pipe (CWP) 

[2]. This study mainly focuses on the design criteria 

and allowable free span length analysis of OTEC 

cold water. 

METHODOLOGY 

This section presents the research flow of 

the study. The procedure of the cold water pipe 

design was calculated based on the allowable code  

[3]. Next, the allowable free span length is then 

calculated by using the recommended practice 

allowable code [4]. The initial span length of the 

cold water pipe is 1000 meters. 

If the span length of the cold water pipe has 

exceeded the allowable limit, the top mooring line is 

proposed to hold the pipeline structure at fixed 

position. Then, the deflection and the span length of 

the cold water pipe is analysed. 

 

RESULTS AND DISCUSSION 

The pipeline analysis is performed to verify 

the pipeline is within the allowable stresses. The free 

spanning in cold water pipe occurs due to un-

uniform vertical current acting on the pipe. The 

deflection of pipeline in different span length is 

analysed. 

Based on the calculation of allowable span 

length for the cold water pipe in dynamic analysis, 

1000 meter has exceeded the limit criteria of 230m. 

Therefore, the top mooring line is proposed to 

reduce the span length of the structure. The 

maximum deflection of 1.448m can be reduced to 

0.09m. Reducing the span length may reduce the in-

flow effect on the pipe structure. 

 

Figure 1: Deflection of pipeline without mooring 

 

 

Figure 2: models between control conditions 

 

CONCLUSION 

The cold water pipe design stresses have 

not exceeded the stresses limit that was set by the 

allowable code [3]. Apart from that, both static and 

dynamic analysis methods were used to study the 

maximum allowable span length in the deep water. 

Improvement can be practiced in further studies by 

considering the RAO effect of the floating structure 

and the wave effect. 
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INTRODUCTION 

Ocean Thermal Energy Conversion 

(OTEC) cold water pipe (CWP) is a large slender 

pipe extended to deep water and thus required 

mooring system to avoid failure in bending or 

buckling. Relatively, the load on CWP and mooring 

system will be transferred to anchor as anchor load. 

Thus, the anchor required sufficient capacity to 

resist the anchor loads. For this research, floating 

OTEC in Layang-Layang Island [1] is considered to 

use suction caisson anchor with taut mooring 

system. The source of anchor load considered was 

drag force due to current flow Fx, buoyant force Fz 

and tension Tp of mooring lines.  

 

METHODOLOGY 

Finite element analysis was performed for 

the response of CWP to current flow by using 

MATLAB. By that, the suitable mooring system 

with appropriate number of mooring lines and 

material were chosen.  

Since the sources of anchor loads were 

determined, simulation of anchor loads was done. 

With regards to the loads determined, a preliminary 

design parameter of suction caisson anchor was 

proposed with calculated capacity with respect to the 

anchor loads. Then, the design was verified with 

regards to recommendations. 

 

RESULTS AND DISCUSSION 

The MATLAB output of OTEC CWP with 

mooring system response to the current flow as 

shown in Figure 1 indicated that the design of 

mooring system is suitable. 

Then, the simulation of anchor loads was 

done by assuming anchor installation on flat seabed. 

The anchor loads were resolved into horizontal (H) 

and vertical (V) components. The resulted inclined 

anchor loads were ranged from 926.2 kN to 2802.3 

kN. Thus, the designed anchor capacity in horizontal 

(Hmax)and vertical (Vmax) directions respectively 

as tabulated in Table 1. The safety factor of the 

designed anchor was about the recommendation of 

2.10 for ultimate limit state [2].  

 Nevertheless, the simulation was repeated 

according to topography of Layang-Layang Island 

[1]. The main modification required was the length 

of the mooring line as illustrated in Figure 2. Thus, 

this also affected the design of anchors. Due to the 

uncertainties of the actual topography, the design 

safety factor was increased to 3.10. 

 

 

 

 

 

 
Figure 1: Graph of depth vs deflection of OTEC CWP 

with mooring. 

 
Table 1: Capacity of designed anchor 

Sets of Anchor Vmax (kN) Hmax  (kN) 

1, 2, 3, 4 4490 4675 

5, 6, 7, 8 3549 3669 

9, 10, 11, 12 2398 2448 

13, 14, 15, 16 1348 1347 

 

 
Figure 2: models between control condition 

 

CONCLUSION 

The risk of floating OTEC CWP failure was 

resolved by mooring system that strengthen it. The 

relative anchor loads of the entire system was also 

determined partially. It is recommended to include 

more consideration of environmental effect to 

increase the reliability of the simulation. 
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INTRODUCTION 

 Conventional electricity generation using 

fossil fuels alone is no longer sufficient and 

sustainable to meet the demands of the global 

population. Additionally, the burning of fossil fuels 

emits undesired greenhouse gases. Thus, developing 

the potential renewable energy is an urgent affair 

and much focus has been placed on this field. 

Among the plenty of renewable energy resources, 

the regular and predictable tidal current energy is 

great potential which is environmentally friendly to 

reduce both visual and noise pollution. In order to 

have better utilize the tidal current energy, plenty of 

researchers focus on the analysis and design of tidal 

current turbine. The vertical axis current turbine is 

the most developed type and can be used to extract 

a large amount of tidal current energy from tidal 

streams.[1] 

 

EXPERIMENTAL SETUP 

 The research consist of influence of 

vertical blade to mooring line system experiment at 

Kukup and measuring current speed at 15 position 

around Kukup including selected location of Fish 

Farm. The measurement is conducted at different 

location around Kukup, with the same setup. Before 

the experiment start, the wire rope was fixed at 

current meter. Buoy also is attached at current meter, 

in order to ensure the device is safe and can be detect 

if any incident happen. Current meter is hanging 1 

meter below the surface of water. The experiment 

setup began with the process of fabrication for 

supporting structure and load cell calibration. The 

whole model consist of supporting structure, vertical 

blade, floater and single wire mooring will be float 

1m from the surface of water. The experiment will 

manipulate the surface area of vertical blade and 

fixed the dimension of wire mooring. 

 

RESULTS AND DISCUSSION 

 Based on the measured current speed 

around Kukup, the suitable water depth to conduct 

experiment is at 1m from the surface of seawater. 

Most of position experience highest current speed at 

1m from the surface of seawater. Moreover, the 

selected highest current speed was at position C 

which is located at Fish Farm. The measurement of 

current speed continue after selecting Fish Farm as 

the potential by conducting measurement around 

fish farm to select the suitable location to conduct 

mooring line experiment. After analyse the data and 

compare with other position, position A is selected 

due to several reason by considering factor such as 

environmental effect and the distance of location 

 

 

with power source generator. Based on the 

experiment conducted, the data analysis show 

constant average force of mooring line which is 7N 

for each of design vertical blade. The result of 

experiment is validated with drag force calculation. 

The percentage difference between experiment and 

calculation is small thus it made the influence of 

vertical blade to mooring line system is 

insignificant. 

 

 
 

Figure 1: Kukup Current profile and direction in 24 

hours at position A 

 

 
 

Figure 2: Comparison mooring line force data between 

experiment and calculation 

 

CONCLUSION 

As a conclusion, the objective of all experiment 

achieved successfully by conducting experiment. 

The high performance location already decided with 

the outcome Position A as the selected position with 

coordinate 1.3378°N 103.4354°E. The influence of 

blade design of vertical current turbine to wire 

mooring system is insignificant. The research 

regarding wire mooring related with renewable 

energy is conducted through this study. 
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INTRODUCTION 

Extraction of current energy using vertical axis 

current turbine, is necessary in order to counter wise 

the global warming, hence a solution to encounter 

associated with turbine configuration, enhancing the 

efficiency and achieve high output power using the 

best design of turbines that can be employed in low 

speed current. We chose an innovative vertical axis 

current turbine design for low speed current turbine 

as the water turbine because the tidal current 

changes direction periodically. The turbine has a 

vertical axis of rotation and therefore is 

perpendicular directional to tidal current. 

 

EXPERIMENTAL SETUP 

The research methodology to investigate 

effect of arm and self-adjusting blades on vertical 

axis current turbine (VACT) performance in low 

speed current is explained. The research 

methodology is divided into two areas. The areas of 

research are Experimental design methodology to 

determine and analyse data of characteristics of 

turbine performance such as torque calibration, 

design and fabrication of cage structure, blades and 

determination of design speed of current speed and 

Experimental tests on 4 different type of blade 

designs and fixed arm turbine. To achieve this, 

model tests have been carried out on Marine 

Technology Centre (MTC) -Universiti Teknologi 

Malaysia (UTM). 

 

RESULTS AND DISCUSSION 

Based on graph, TSR vs torque coefficient, 

RPM vs current speed, and power vs current speed, 

the result shows self-adjustable turbine blade #3 has 

the highest efficiency followed by self-adjustable 

turbine blade #2. This is due to the surface area of 

convex side is reduced. The convex side have a 

greater force due to self-adjusting blade and the 

surface area is constant while on the concave side, 

the drag force applied on the blade is smaller caused 

by self-adjustable blade that turned almost 90 

degrees in angle to the outflow of the direction of 

current. Hence, the hydrodynamic characteristics 

which is the drag force reduce significantly.  The 

power produce for self-adjustable turbine blade #3 

and self-adjustable turbine blade #1 demonstrate 

almost the same values. This is because the surface 

area of concave and convex side is same. Thus, the 

drag force of the both blades may almost the same.   

 The error of the experiment may cause by 

the turbine cage structure itself. During the 

experiment, the vibration occurred because of the 

size or the design not too strong enough to overcome 

turbulent flow of produced by turbine cage structure  

 

itself when towed by towing carriage. Next, torque 

meter is too sensitive to the surrounding, such as 

vibration from generator and electric drive motor of 

the towing carriage. 

 
Figure 1: RPM vs current power 

 
Figure 2: Power vs current speed 

CONCLUSION 

The results show that surface area of concave has a 

strong effect on the performance of turbine. The 

lesser surface area of concave side, the lesser drag 

force acted on it. Thus, increase the power output of 

turbine. The self-adjusting blades increased the 

power and RPM compared to the fixed blades 

turbine. This fact happens because the returning 

blade angle is in closed position, which decreases 

the hydrodynamic resistance which is the drag force 

acting on the blade. 
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INTRODUCTION  

One of the major causes of jams in cities, 

are the existence of ineffective traffic lights. 

Existing traffic light control either deploys fixed 

programs without considering real-time traffic or 

considering the traffic to a very limited degree. In 

this research, we propose a deep reinforcement 

learning algorithm that can extract all key features 

useful for adaptive traffic signal control from raw 

real-time traffic data. A deep reinforcement learning 

model is a reward-based algorithm that can learn to 

select an optimal action selection policy using 

feedbacks from rewards [1]. 

 

RESEARCH OBJECTIVES 

To determine if deep learning-based traffic 

light algorithm can perform better than conventional 

traffic management at Pulai Perdana intersection. 

 

 

METHODOLOGIES 

Deep Q Learning is used to find the optimal 

traffic action control policy for Pulai Perdana 

Intersection. The goal of the agent is to reduce the 

cumulative waiting time of vehicles at the 

intersection. The states are defined as velocity, 

position and traffic light states. The actions the agent 

can take are to control the green signal time of each 

of the direction at the junction. The rewards were 

defined as the different between cumulative waiting 

times of vehicles at the intersection. A Deep 

Convolutional Neural Network is used to 

approximate the Bellman’s Optimality Equation. 

 

𝑄𝜋∗
(𝑠,𝑎) = 𝐸𝑠′ [𝑟𝑡 + γ max

𝑎′
𝑄𝜋∗(𝑠′, 𝑎′)|𝑠, 𝑎|] 

 

 

RESULTS AND DISCUSSION  

 

 
Figure 1: Cumulative waiting time of vehicles against 

epoch 

 

 

Figure 1 shows results of the agent after 

2000 epochs. We can see that the agent starts off by 

taking more explorative actions, it explores the 

environment searching for actions that leads to 

reduction in waiting time. After running the training 

for 2000 episode, the agent learnt a good action 

selection policy and managed to reduce the 

cumulative waiting time. It is proven in the 

experiment that a deep reinforcement learning 

model was able to reduce the cumulative waiting 

time of all the vehicles at a given traffic intersection 

as compared to a fixed time algorithm-based traffic 

management system at Pulai Perdana by 47.31%. 

When the traffic is scaled down to 50% and 20 %, 

the agent improved the waiting time by 69.56% and 

68.36 % respectively. 
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INTRODUCTION 

Sloshing motion within the Liquefied 

natural gas (LNG) carrier’s tank can cause structural 

damages. Hence, the purpose of anti-sloshing device 

is to reduce the sloshing displacement and impact 

pressure toward the tanks wall. In this paper, the 

slosh behaviour with floating baffle in membrane 

tank was excited in regular unidirectional sway 

motion y (t) = A sin (2πt/Tp) with amplitudes, A = 

3.0 cm, and period, Tp = 1.1 sec. was investigated 

numerically. 

 

 
Figure 1: Principal Dimensions of the model of floating 

baffle (unit in centimetre) 

 

This study was verified by comparing the previous 

experiment research. The objectives of this study are 

to numerically analyze the surface deformation and 

pressure of liquid with- and without floating baffle 

by using CFD software, OpenFOAM and to evaluate 

the sensitivity of different excitation period for 

floating baffle in suppress liquid sloshing. 

 

METHODOLOGY 

The methodology of the simulation are 

i. Pre-processing( Define solver, Geometry 

modelling, Floating baffle Modelling, Dict 

Setting (amplitude and frequency 

identification) 

ii. Run simulation ( Filling ratio= 30% and 50%, 

various excitation period ratio= 

0.5,0.8,1.0,1.2,1.5 and 2.0) 

iii. Post-processing (sloshing profile and Pressure 

indication) 

 

RESULTS AND DISCUSSION 

 
(a) 

 

 
(b) 

Figure 2: The comparisons between experiment and 

simulation with (a) and without (b) floating baffle on 

30% filling ratio 

 

 
(a) 

 
(b) 

Figure 3: (a) Comparison of pressure at location sensor 1 

between simulation and experiment result at 30% filling 

ratio, without floating baffle and (b) with floating baffle  

 
Figure 4: Comparison of maximum pressure at various 

period between with- and without floating baffle at 30% 

filling ratio 

 

CONCLUSION 

a) Flow visualization of simulation (OpenFOAM)  

and experimental showed an acceptable 

agreement. 

b) The floating baffle suppresses the impact  

pressure effectively at various period. 
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INTRODUCTION  

Failure in the mooring/hawser system has 

been a major problem in offshore safety and 

reliability. The snap load along the hawser line is 

still unresolved due to its non-linear force. The snap 

load can lead to catastrophic failures and structural 

destruction which may cause fatality to personnel. A 

mooring system consists of a mooring line, anchor, 

and connectors. It is used to hold a ship or a floating 

platform in all depths of water. A mooring line 

connects an anchor with a floating structure to the 

seabed. Next, hawser system consists of thick rope 

or cable used in mooring or towing a ship. The 

breaking loads of these mooring ropes will depend 

on the quality of the synthetic material used to make 

them.  

 

EXPERIMENTAL SETUP  

The experiment was conducted with 2 

different setups. The first experiment is run without 

the MR damper and the second is run with MR 

damper installed. The experiment was conducted by 

the Universal test machine (UTM) pulled the cable 

(rope) until reached its maximum breaking load 

(MBL). The force caused the line to generate a high 

inline tension is then measured by the load cell pre-

installed in the machine. The maximum load is then 

recorded for further comparison with the MR 

damper install. The experiment was repeated for few 

times with the different condition of the input 

current.  

 

RESULTS AND DISCUSSION  

The data of the rope test is compared with 

and without damper installed. The main contribution 

to of this experiment is at the compensation region. 

The extension elongation made by the damper is an 

important part of this experiment. The comparison 

between of data is shown in figure 4.1. 

  

 
Figure 1: Graph of rope with and without damper 

installed. 

 

Based on the graph plotted, the rope can 

extend their displacement few millimetres compared 

with the rope without damper. For the rope at 3V, 

the rope that installed with damper able to elongates 

up to 254mm before reaching its breaking point 

compares with the rope without damper that reaches 

up to 120mm. With this, the total extension by these 

2 different cases is 134mm. Next, figure 2 shows a  

 

comparison graph on a rope with 4.5V. The total 

elongation for the rope until reaches breaking point 

is at 205mm. This shows the extra displacement up 

to 85mm. 

 
Figure 2: Comparison of rope extension at 4.5V 

 

Finally, at 6V of the input voltage. The 

maximum elongation of the rope is at 168mm and 

the maximum force is at 496N. The total extension 

compares without is about 48mm. The data is shown 

in figure 3 below. 

  

 
Figure 3: Comparison of rope extension at 6V 

 

CONCLUSION  

Based on the experiment, the result 

obtained manage to solve the problem of reducing 

the extreme mooring tension by using the magneto-

rheological damper. With damper install, it able to 

give an extra extension of the rope before reaching 

its breaking point. With this, it can reduce the 

likelihood of snap loads in the hawser line to occur.  
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INTRODUCTION 

 The shallow water mooring system of 

floating offshore wind turbine (FOWT) is modified 

into tension-leg mooring system with artificial 

seabed to reduce the footprint area.  However, the 

tension-leg mooring system is affected by the tidal 

effects such as tidal force and the variations of sea 

level that will produce excessive in-line tension to 

the mooring line.   

 Therefore, the experiments are conducted 

to determine the minimum breaking force (MDF) 

that can be supported by the mooring line.  The 

magneto-rheological (MR) damper is incorporated 

with the mooring line in the experiment to determine 

its efficiency in increasing the MDF of mooring 

lines. 

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for the experiment.  Firstly, the nylon line is 

selected as the mooring line sample in the 

experiment.  Next, the force-displacement and 

force-velocity characteristics of MR damper are 

tested by using the Instron universal testing 

machine. Then, based on a specific part of the 

FOWT, a free body diagram is drawn from the real 

scenario.  The free body diagram can be classified 

into two types which are mooring line with and 

without MR damper.   

The free body diagram is then converted 

into the experimental setup.  The apparatus and 

instruments used in the experiments including 

20cm, 80lb nylon line, a MR damper model LORD 

RD-8041-1, a MR damper holder and the universal 

testing machine.   

 

RESULTS AND DISCUSSION 

 

 From the force-displacement and force-

velocity characteristic testing of MR damper, the 

maximum damping force from MR damper 

increases when the voltages input increases from 

1.5V to 3V and 4.5V and the velocity of stroke of 

MR damper increase from 20mm/min to 40mm/min 

and 60mm/min respectively.  The distance of stroke 

moving from all cases are constant which is 20mm.   

 Figure 1 shows trends of force of nylon line 

against its displacement integrated with MR 

damper.  Comparison is made between the nylon 

line with and without MR damper.  The nylon line 

without MR damper extends from region 1 to region 

2 until it breaks at MBF of 486N and 83mm.  The 

nylon line integrated with MR damper extend at 

region 1 and the extension of nylon line is  

 

 

compensated by the stroke of MR damper in region 

2 and finally breaks at MBF at region 3.   

 

However, the MBF and final extension are not 

consistent due to non-linear properties at the 

breaking phase.   

 The average value is obtained from the 

experiments at different voltages input and it is 

showed in Figure 2.   

 

 
Figure 1: Graph of Minimum Breaking Force of 20cm, 

80lb Nylon Line with MR Damper (Divided by 

Regions). 

 

 
Figure 2: Range of Effective Values of Force and 

Displacement for Different Voltages Input 

 

CONCLUSION 

From the experiments, we conclude that the 

compensation on the extension of length of nylon 

line shifts backwards when the voltages the voltages 

input of MR damper increases.  The MDF and final 

extension of nylon line should be always constant.   
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INTRODUCTION 

 Offshore structures have been rapidly 

growth in sea regions. Ships and offshore structure 

in the sea are exposed to effect of rogue wave thus, 

need to design with a very high safety factor and 

undergone rigorous model testing in order to make 

sure it is safe to be used. A common approach of 

model testing is by conducting the experiment in 

laboratory wave tanks. But this approach has 

significant problems such as the model test are 

costly and subjected to the instrumentation and 

physical limitations of the wave tank. By using wave 

simulations, it can give comprehensive time history 

data in terms of waveforms, flow velocity fields and 

energy variation to understand the evolution and 

impact mechanism with less costs and technical 

limitations [1]. However, combination of laboratory 

experiment and numerical are preferred because it 

can complete the weakness of each approach. 

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for the system. We used OpenFOAM v1812 to 

generate 2D regular wave in numerical wave tank. 

OpenFOAM solves the Stokes equations for two 

incompressible phases. The solver used in this 

operating system is interFoam. interFoam is used to 

tracks the free surface movement by using the 

Volume of Fluid (VOF) method which is to describe 

an incompressible of two-phase flow mixture. The 

method to generate simulation wave by OpenFOAM 

is separated into three significant stages which are 

pre-processing, solver and post-processing. 

 

RESULTS AND DISCUSSION 

There a 4 set of data that are used to study 

the behaviour and the accuracy of wave elevation 

between experimental dan simulation result. This 4 

set of data in divided into two categories which 

based on the wave steepness. The first category is 

wave steepness below 0.05 and the other one is 

above 0.05. Figure 1 shows the wave elevation of 

wave steepness of 0.025 with the wave height. 

Hw=0.06m and wave period, T=1.49s. The results 

in represent the case of wave steepness below 0.05. 

While, Figure 2 shows the other case which wave 

steepness above 0.05. Wave steepness in Figure 2 is 

0.134 with a wave height, Hw=0.17m and period, 

T=0.9s. Table 1 shows the root means square error 

for all cases study. From the results, there is a 

limitation in OpenFOAM where on wave steepness 

below 0.05 can be generate properly and show a 

good degree of accuracy with experimental data. 

 

 

 

 

 
 
 
 
 
 
 
 

Figure 1: Wave elevation of wave steepness 0.025 

 

 

 

 

 

 

 

 

 
 

Figure 2: Wave elevation of wave steepness 0.134 

 

Table 1: Root Mean Square Error 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSION 

 OpenFOAM can successfully model a 

numerical wave tank for regular wave if the 

condition and parameter are appropriately set. 

OpenFOAM can be a valuable tool for the wave 

energy industries especially in order to study the 

behaviour of the wave. 
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INTRODUCTION 

Over recent years, sustainability issue has 

always been one of the major problem in industries. 

Losses of energy in vehicle came in many form. 

Vibration is one of the contributor where 70% of the 

fuel combustion energy goes to the surrounding 

instead of producing power [1]. Previous studies 

have demonstrated various method to generate 

electricity with few modification to the internal 

system being made [2]. By channelling extra source 

of power to the vehicle battery, its surely improve 

the efficiency of the car energy usage and profitable 

to the user in long term application. 

 

EXPERIMENTAL SETUP 

We use concept of linear electromagnetic 

induction which consist of an insulated copper coil 

and two unit of permanent magnet (N35) which act 

as the excitation and levitation unit. 

Theoretical analysis being made by 

applying Faraday’s Law of electromagnetic 

induction which observed the manipulation of 

several important parameter. The no of turn of coil, 

the magnetic field strength, diameter of coil 

(resistance related) and the speed of excitation. 

Electromagnetostudy was done on the module by 

using EMS on SolidWorks to describe the pattern of 

flux density on the coil. 

The test was conducted using fabrication 

module which consist 6 tube harvester. The test unit 

is clamped around the shock absorber perimeter. 

The clearance gap was checked to avoid interference 

with the car’s internal component. Result was tested 

using multimeter to find the output power under 

different situation which expect various excitation 

input to the harvester. 

 

RESULTS AND DISCUSSION 

The testing was made to stimulate usual 

daily driving, consisting driving on the road, facing 

a bumper and taking a corner. 

To observe the generation of power, we can 

only manipulate the coil turn, diameter and magnet’s 

grade. Speed of excitation is dependent on the road 

condition. In road roughness condition, average 

power obtained is 0.8Watt and highest at 

10.39Watts. During cornering test, the highest 

output reading recorded at 1.85Watts and average at 

0.44Watts. In both of this testing, its been prove by 

the result that the speed and cornering is not 

significant enough to excite more power instead it 

need more impact and shock. Figure 1 illustrates the 

power output generated during bumpering which 

taken at initial speed of 30km/h.. 

 

 

 
Figure 1: Power output vs no. of bumper. 

 

Highest power emitted by the module 

obtained during bumper test which is expected to be. 

Most of the rebound from contact with the bumper 

exerts an impact and recoil during and after facing 

the bumper. Average power of 5Watts achieved and 

11Watts recorded at the highest reading. Comparing 

with the theoretical data , the value is off by nearly 

70% since the maximum excitation occur is not in 

continuous mode but rather on a step input. 

 

CONCLUSION 

We have shown the feasibility of the harvester to 

extract a small amount of electrical power from the 

shock absorber. Better scale of electricity can be 

estimated by using stronger permanent magnet, 

thicker coil diameter (less resistance and support 

higher current transmission) and higher no of turn of 

coil. 
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INTRODUCTION 

There are several ways to dispose this 

waste material from the houses and one of it is get 

rid through the burning process [1]. This process of 

handling waste usually had been completed without 

proper method where people will burn it in open area 

which easily for them to access. The way of 

handling municipal waste from domestic users are 

being an issued where it is a big concern of the 

environment, society and health. Collect, bury and 

covered-up the waste with a layer of soil on a patch 

of identified land is one of the common methods 

used for disposal of solid waste [2]. To reduce the 

harmful potential from the material waste, 

incineration is one of the most effective method 

comparing incineration to other dumping options 

such as land burial, and disposal at sea or in lagoons. 

 

DESIGN METHODOLOGY 

Idea concept generation generated a few 

ideas before proceeding to the final design scoring 

matrix. The highest mark for the evaluation meets 

the criteria of the product design specification 

needed. The final design was simulated using 

Computer Aided Engineering (CAE) and the 

validation proposed concept to use the high-pressure 

steam for filter the fly ash was confirmed by the 

prototype demonstration. 

 

RESULTS AND DISCUSSION 

The results for the internal flow simulation 

shown in figure 1. For this simulation, the flow of 

the flue gas from the waste combustion was 

simulated through the flue gas tube and the chimney. 

Figure 1 shows the flow of flue gas from the 

combustion chamber. One of the objectives of this 

project is to reduce the air pollution generated from 

the waste combustion and it is important to know the 

quantity of carbon dioxide and nitrogen oxide before 

released it to the atmosphere. Two aluminium cones 

were designated to obstruct this air pollution from 

directly flow out through the chimney while the 

high-pressure steam from the water tank will trap 

and confined the fly ash particle to fell into the water 

tank. This proposed idea used to reduce the air 

pollution by trap the fly ash. From this simulation, 

mass fraction of nitrogen and carbon dioxide was 

measured at eight different places along the flue gas 

tube and the chimney.  

 

 
Figure15: Contour of The Mass Fraction of Nitrogen and 

Carbon Dioxide in The Flue Gas Tube 

 
Figure 16: Mass Fraction of Carbon Dioxide and 

Nitrogen Against Displacements 

CONCLUSION 

In conclusion, the air pollution from the combustion 

process can be reduced by using the proposed 

concepts in the final design of the portable 

incinerator. 
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INTRODUCTION 

It is seen that there is a major problem in 

people carrying heavy load while climbing upward 

and downward the staircase which is very dangerous 

to their safety, as it is prone to incident. It is 

important to reduce injuries that we can prevent 

before we experience it.  

Also, frequent strain injuries 

predominantly for the lower back, shoulder and arm 

muscle joint restrain people to do job better. Even 

though there is available product that could help 

ease their work, they are considering that it is not 

worth it based on its prices and its limited 

functionality. As, most of it difficult to travel with 

more luggage, cannot move over obstacle, and hard 

to manoeuver on uneven ground. Additionally, some 

people occasionally bumped their lower leg to the 

wheel of the trolley, as example, the 4-wheel trolley 

that is commonly used at supermarket. The slipping 

and skidding also cause a difficulty to the user 

during moving load between two place. This is due 

to the wheel tire has worn out or disorientated wheel.  

 

EXPERIMENTAL SETUP 

A few test was conducted by using 5 

different type of load and the degree of difficulty 

was determined. The staircase for the experiment 

has 8 steps with 17 cm height, so the total height is 

1.36 m. A few steps of procedure need to be used to 

make sure the control condition was maintained 

throughout the testing. The procedure of the 

experiment are as follows: 

a) Position the trolley perpendicular to the 

staircase. 

b) Place the load at the middle of the front plate to 

make sure it is in balance. 

c) Simultaneously, turn on the switch for motor 

and start climbing the staircase. 

d) The climbing was at slow pace to avoid the load 

from staggering and sliding from the front plate.  

e) The climbing end at the 8th step. 

f) Step 1 to 5 was repeated for other loads. 

 

RESULTS AND DISCUSSION 

First run was tested by placing the rubbish 

in box onto the middle position of the front plate of 

trolley. The first step quiet easy to climb and 

effortlessly. This might due to it is lightweight 

compare to other load. Second run was by using a 

bucket with a pile of clothes. The climbing become 

slightly difficult due to extra load than previous test. 

There different is hard to distinguish between the 

two first run. Possibly the margin between both load 

is small. The third run become much harder. The 

climbing pace helps maintained the load positioned 

on the trolley efficiently. The motor seemed to help  

 

providing a small force to climb the steps better. The 

wheel rotates slowly due to the presence of much 

bigger load. Fourth run was tested with the mineral 

water with weight about 5 kg. The difficulty 

increased greatly, as a step by step climbing was 

harder. A portion of the load was supported by the 

motor. The motor maintained the climbing activity 

and prevent from the trolley to slip downward the 

staircase. The climbing much easier than without 

using motor. Final run was tested using the water 

extinguisher with a weight of 6kg. This is the hardest 

climbing tested with the biggest load type available. 

At first the trolley hardly abled to climb the stair. 

With an extra force applied upward and force 

provided by the motor, the climbing take place at 

slower rate than the controlled pace. The weight of 

6 kg seemed to be the maximum load the trolley can 

handle for this experiment. It is still possible to 

increase the load until about 15 kg at most, with 

efficiently and safe to the user.   

 

CONCLUSION 

Although there are a few limitations from 

the design built and strength, it still considered as 

small step forward to improve the trolley. The 

testing has been conducted to prove that the trolley 

able to help reducing load during staircase climbing 

and the posture used also much lower risk than using 

normal hands lifting activity. The product could be 

widely commercialized to suit the needs of the 

consumer. 
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INTRODUCTION  

Bird and insects have evolved to fly with 

flapping its wings, unlike aeroplane and helicopter 

which are designed with fixed-wings and rotary-

blades, respectively to fly up from the ground. 

Flapping wings flight is more complicated than light 

with fixed wings because of the structural 

movement and it results unsteady fluid dynamics. 

Flapping wings mechanism is also called as 

Ornithopter. In this project, with a full 

understanding in aerodynamics principle, relative 

flight parameters and appropriate design 

consideration, a motorized flapping wings machine 

can be designed and built.  

 

SYSTEM DESIGN  

There are four main components or parts 

that need to be considered in designing an 

ornithopter – flapping mechanism, power 

transmission, wings, and power supply. Firstly, 

flapping mechanism must perform upstroke and 

downstroke to produce propulsion. Flapping 

mechanism was designed by using reciprocating 

motion and done by position analysis. Secondly, 

power transmission was design by using spur-type 

gearing system to transmit motor speed and power 

to flapping mechanism. Gear design was analysed 

by geometry, nomenclature, and gear force analysis. 

Next, the geometry of wing is quarter elliptical 

shape with 140mm major and 100mm minor. Aspect 

ratio of the wings is 3.46 which suitable for flapping 

flight. Lastly, a very light and small Li-Po battery 

with 3.7V was used as a power supply for flapping 

mechanism. After obtaining these four main 

components, prototyping was conducted for testing 

purpose.  

 

RESULTS AND DISCUSSION  

Flapping mechanism was designed with 

dihedral wings with angle of 20°. There were four 

sheets of wings attached to the arms. Average flap 

frequency was 30 Hz (cps) by using Pennycuick’s 

Power Law equation [1]. One of end side of 

connecting rod was attached to the gear and another 

end side attached to the wing arms. This results in 

reciprocating motion. Figure 1 shows the flapping 

mechanism.  

Power transmission system consists of two 

gears with diameter of Ø15mm, and a pinion with 

diameter of Ø4mm. Both gears have the same 

number of teeth – 39 teeth, while the pinion has 10 

teeth. Gear ratio is 4. Input speed from  

 

 

 

motor is 21,000 rpm, and the output speed is reduced 

to 5,348 rpm. The magnitude of output speed is 

established to perform flapping operation.  

Geometry of wings used in this project. The 

geometry of wing is quarter elliptical shape with 

140mm major and 100mm minor. Aspect ratio of the 

wings is 3.46 which suitable for flapping flight in 

steady airflow.  

Figure 2 shows a 3D modelling as a final design. 3D 

model was built by using SOLIDWORKS 2018. 

 

 

 
Figure 1: Flapping mechanism and gear design 

 

 
Figure 2: 3D model of final design 

 

 

CONCLUSION  

During the testing session, the model was 

successfully fly up from the ground and hovering in 

the air for approximately 10 minutes before land 

down. Objective of the project is achieved.  
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INTRODUCTION 

 Nowadays, people always overly 

dependent on electricity. People use electricity for 

their needs in everyday life. For example, using 

laptop, charging smartphones. 

conditioner and other electrical appliances which 

uses more energy from electricity. The utilization of 

waste energy of foot power with human motion is 

very important for highly populated countries. India 

and China have the most populated people in the 

world. They have millions of people move around 

the clock. The major problem that can be figure is 

people always waste their energy by walking or 

running. For an example, people go to the park for 

jogging or sightseeing. We can see that the people 

waste their energy and got tired. By using this 

design, people can fully utilize their energy. This 

design can convert mechanical energy into electrical 

energy [1]. This design also can help people who 

needed electricity if they are no current supply. For 

example, the problem that occur for traveler is 

charging their phone. If this design is applied to 

them. It will help them to generate electricity by 

their own by just walking. In this project, I use piezo 

disc. It used to produce low voltage of supply [2]. 

 

METHODOLOGY 

This section presents the method that being 

used to develop the product. The first step is doing 

functional analysis. It describes the desire part we 

want to do and try not to limit down the design 

choices. Then we will identify alternatives, optimize 

them, and select the best ones to make up the 

complete system. The second step is do 

morphological chart. Morphological chart is a table 

based on the function analysis. On the left side of the 

chart the functions are listed, while on the right side, 

different mechanisms which can be used to perform 

the functions listed are drawn. It is a visual aid used 

to come up with different ideas. 

 

RESULTS AND DISCUSSION 

 At the end of the fabrication. The data has 

been recorded to observe the voltage supply when 

apply on certain pressure or load. The figure 1 shows 

the voltage generated versus weight and energy 

generated per tap versus weight. When the weight is 

increase, the voltage will increase too. This is 

because to generate an electricity by using piezo, it 

needs to applied a force into it. When the applied 

force is huge, the piezo can generate more voltage. 

It same goes to figure 2 which is energy generated 

per tap versus weight. The higher the applied force, 

the higher the energy generated per tap. 

 
 

 

 
Figure 1: Graph of voltage generated versus weight 

 

 
Figure 2: The graph of energy generated per tap vs 

weight 

 

CONCLUSION 

 As conclusion, the objective of this project 

has been achieved which is to design and fabricate 

footstep power generator system that capable to 

generate an electricity, to reduce the cost of 

electricity and to reduce the waste energy develop 

by a person. The piezo disc can produce electrical 

energy when the pressure was applied on it. This 

project is used to supply a low voltage. 
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INTRODUCTION 

In this modern era, transportation in 

Malaysia was dominated by engine powered vehicle 

such as car, motorcycle, bus, and much more. This 

is because this type of vehicles are very convenient 

to travel. However, engine powered vehicle is one 

of the air pollution source. Beside that, majority of 

the transportation in Malaysia is on road vehicle 

which has high running expenses. The fuel expense 

is one of the expenses that need to be paid for the 

engine power vehicle. Hence, one of the best way to 

save our earth and also our pocket is reducing the 

dependency to this type of vehicle by riding the 

human power vehicle. While the existing human 

powered vehicle such as bicycle and trishaw 

required a lot of human energy to go off road. Going 

uphill or going through uneven terrain required a lot 

of driving energy to overcome the drag force. 

Because of that it is necessary to improve the power 

transmission system. One of the best way to produce 

high mechanical power is using hydraulic drive 

system. A hydraulic drive system is a hydro-static 

drive or transmission system that uses pressurized 

hydraulic fluid to power hydraulic machinery. The 

term hydro-static refers to the transfer of energy 

from pressure differences, not from the kinetic 

energy of the flow. The function of hydraulic drive 

system is to transmit a small torque into a large 

force. 

 

FUNCTIONAL ANALYSIS 

The product will be functioning went there 

is a rider who give power to the bicycle pedal that 

connected to the pump. The pump will operate when 

the pedal crank rotating and produce pressure to the 

fluid. The pressurized fluid will flow to the 

hydraulic motor and the motor will produce 

mechanical energy that will rotate the tire. 

 

RESULTS AND DISCUSSION 

Hydraulic bicycle is a non-motorized 

vehicle that used hydraulic system to transmit the 

cycling power. Current bicycle using chain to 

transfer rider's power to the driving wheel that need 

a lot of energy during climbing uphill terrain.The 

purpose of the design project is to develop a bicycle 

that more convenient to the cyclist and passenger 

during climbing uphill. Most of the bicycle parts are 

standard parts that can be obtain from the bicycle 

shop. The special parts such as the frame, pump, 

hydraulic motor,and reservoir have been designed 

specifically to fulfill the objective of the project 

Figure 1 shows the final design of 

hydraulic bicycle. The frame for the selective design 

has been modified to improve the performance of 

the hydraulic system and also to reduce the cost of  

 

product. The brake system was not included in this 

3D drawing because the braking system used is 

standard. This bicycle has 1.15m length, 0.5m width 

and 0.8m height. The bicycle has been design to 

used a pair of 17 inch tires. 

 

 
Figure 1: Hydraulic bicycle 

To calculate the gain ratio of the bicycle the 

volumetric displacement of the pump and the motor 

had been analyse.    

  

CONCLUSION 

The objective of this project can be achieved with 

this hydraulic bicycle. The bicycle can transmit 

rider’s cycling power to driving wheel by using 

hydraulic system. The reason to used hydraulic 

system is to produce higher torque compare to 

average bicycle. 
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INTRODUCTION 

In 2014, a new invention has been made on 

process of cooking lemang from UTM student. The 

machine is made to ensure the cooking process is 

more environmental friendly and convenient to be 

used. It is using natural gas as the burning material 

and the rotating mechanism is using the motor to 

operate the gearing scheme with the electric 

automobile generation of elevator car battery. [1] 

 

EXPERIMENTAL SETUP  

 The lemang machine is using natural gas as 

the burning material and the rotating mechanism is 

using the motor to operate the gear system with the 

electric generation of car battery. 

 

 
Figure 1: Setup of experiment 

 

 First experiment was conducted and two 

location of lemang were taken for the experiment as 

shown in Figure 2. The experiment was held for 1 

hour and 30 minutes and 2 hour and 30 minutes for 

the second experiment with the same location of 

lemang 

 

 
Figure 2: Location of Lemang 

 

RESULTS AND DISCUSSION 

At the end of experiment, the result for the 

quality of lemang was observed. Figure 3 shows that 

at location 1 have a good quality of lemang 

compared to location 2. 

 

 

 

 

 

 

 

 

 

 

 
Figure 3 Lemang at location 1 (left) and lemang at 

location 2 (right) 

 

 A plate with dimension 5cm × 12cm × 

0.5cm were cut to be added below the spring. In 

order to add the plate, the welding process was 

occurred. Arc welding is used to join the plate and 

the base. 

 

 
Figure 3: Plate was added as support element 

 

CONCLUSION 

 The lemang machine after improvement 

consists of support element for the spring to 

overcome the issues of vibration that constitute the 

rotating mechanism is not smooth. The chain will 

not fall from the spring as the gap between the spring 

and the support element is too little. Besides that, a 

new fabrication of washer to make the cup stable 

when rotates. The diameter between the new washer 

and the cup is not too big. 
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INTRODUCTION 

  Facilities layout design refers to 

the arrangement of all equipment, machinery, and 

furnishings within a building [1]. Based on 

observation made during Industrial visit to Siantan 

Wangi Enterprise Sdn. Bhd, their existing layout 

planning designed in the factory is not systematic 

and efficient. There are few techniques in facility 

planning but Systematic Layout Planning (SLP) is a 

highly used methodology especially in small or mid-

size companies, due to its accessibility [2]. Hence, 

the main objectives in this study are to propose 

improvements on facility planning and design and 

evaluate its performance. 

METHODOLOGY 

Identification of problem is done by using Industrial 

Engineering tools. The first IE tools used is Pareto 

Chart. By applying this tool, the main products can 

be recognized. This study proceeds by creating 

Process Flow Chart for each product. Process Flow 

Chart helps in constructing From-To Chart. 

Function of From-To Chart is to calculate the total 

distance travelled. Ishikawa Diagram is constructed 

to identify and analyse factors that caused the 

problem. Relayout process basically based on SLP 

method. WITNESS Simulation Software is used in 

evaluating the proposed solution. 

RESULT AND DISCUSSION 

This study will discover on quantitative and 

qualitative analysis. Better rating will be selected as 

finalized closeness rating after merge both results to 

each department pair. Space analysis is done by 

calculating required and available space. Space 

Relationship is designed to illustrate the relationship 

between the department pair’s closeness rating and 

space required. Several alternative layouts are 

generated based on the activity relationship chart 

and the space relationship diagram. The evaluation 

is conducted by comparing several layout features 

that are total travelled material distance, number of 

backtracking and cross traffic, and monthly 

production capacity. Alternative 2  as shown in 

Figure 1 is selected as an optimum alternative 

compare to Alternative 1 due to its higher 

percentage of improvement. 

 

 

 

 

 

 

 

 

Figure 1: Alternative 2 
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INTRODUCTION 

This research was conducted at HID Global 

Sdn. Bhd. Every month, the number of scraps 

produced by the Rapidline Machine were very high 

and the main contribute to those problems are the 

chip clamp. Daily adjustment are needed to that part 

since the components are too small, easy to 

misplace, wear and tear. A solution is recommended 

in the form of a jig designed to standardize the 

spring force and positioning the screw level. The jig 

enable to reduce one wire bonding, chip crack and 

chip missing problems.  

 

PROPOSED DESIGN 

The engineering design process step is 

followed to make sure the designing work is done 

correctly. Figure 1 shows the sketching based on the 

product design specification and morphological 

chart while figure 2 shows the final CAD drawing 

using SolidWorks. Push and pull gauge are used in 

order to measure the spring force of the chip clamp 

which could give high impact to the chip condition. 

The frame are designed in order to positioning the 

screw level of the chip clamp. 

 

 
Figure 1:   Sketching of the jig 

 

 
Figure 2:  Final CAD drawing 

 

 

ANALYSIS 

Engineering analysis is executed using 

Solidworks simulation, force parameter is applied at 

the middle of the T-Joint. Largest Von misses stress 

occurs at the both side of T-Joint of the component 

with the value of 16.504 N/mm2 (MPa) whereas the 

yield strength of the component material is 172.369 

N/mm2 (MPa). These values would yield 10.44 

safety factor and it should not break in case the force 

is apply. For the displacement analysis, the 

maximum deflection is at the middle of the bottom  

 

part where the maximum value is 0.034 mm, which 

is insignificant to make any visible shape distortion 

on the components.  

Next, cost analysis was carried out to 

calculate the cost involved for this project. By 

referring to table 1, the total number of rejects 

produce in July 2018 is 154 077 unit and the 

company had lost about RM120180.00. The product 

cost per unit is RM0.78. Based on table 6.2, the jig 

cost is estimated about RM102.50. By investing 

money to produce the jig, if the jigs can reduce the 

rejects by 0.086 % that is 132 unit, the jig is already 

economical. 

 
    Table 1:   Cost Analysis 

Product cost per 

unit 

RM 0.78 

Reject  154 077 Unit 

Total Lost RM120,180.00 

Jig Price RM102.50/unit 

Saving if 100% 

reject is eliminate 

RM120, 180.00 

Saving if 50% reject 

is eliminate  

RM60, 090.00 

Saving if 0.086% 

reject is eliminate  

RM 103.00 

  

CONCLUSION 

Both objectives have been achieved. Even though 

the jig is not actually tested but costing analysis 

showing that a reduction of 0.086% (132 unit out of 

120800 is already sufficient to make the jig 

economical / break-even. Thus, it is confident that 

the use of this jig will produced more benefit. 
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INTRODUCTION 

Unmanned Aerial Vehicle (UAV) is an 

aircraft without human on-board has become 

popular due to rapid growth of its application in 

the most field exist. Many researches has been 

focusing on technology advancement of UAV to 

increase its operational experience[1]. Since there 

are no humans on-board so, for this research we 

are interested to develop the control system using 

PID controller. The development of the transfer 

function should be done first using the linearized 

lateral motion equations since the manoeuvring 

for the UAV are using the coordinate turn[2]. 

With helps of the PID gain in PID control system 

could make the UAV can follow the desired 

trajectory to avoid the obstacle with stable [3]. 

 

EXPERIMENTAL SETUP 

First we need to do a linearization 

process upon the twelve non-linear, ordinary 

differential equation that comprise the equations 

of motion for an aircraft. From that, we will obtain 

the transfer function for rolling angle due the 

deflection of aileron and rudder. Next we can 

introduced the PID controller to the system with 

the reasonable PID gain for the system and we can 

see either the UAV can response to the trajectory 

desired quickly or stable or not. 

 

RESULTS AND DISCUSSION 

For both transfer function 
∅

𝛿𝑎
 and 

∅

𝛿𝑟
 are 

not stable when the system are in open loop (no 

feedback) but when give a feedback to the system 

the UAV become stable but still not follow the 

trajectory So, because of that this system are 

implemented the PID controller with the suitable 

gain and we can see that the UAV are stable 

following the trajectory path desired. 

 

CONCLUSION 

In short, as the aircraft possess PID system that 

would definitely help with the stability 

augmentation of the aircraft, it is correct to 

assume that with the use of PID system the 

aircraft can produce a better flight dynamic. The 

use of control laws with non-conventional 

response characteristic, specifically a normal 

acceleration response characteristic, gives very 

desirable flying qualities for the approach and 

landing task with a reduced workload compared 

to a classical aircraft, and these control law types 

may be used in other tasks such as a formation 

flying task. 
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Figure 1 : 
∅

𝛿𝑎
 transfer function with PID controller 
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 transfer function with PID controller 
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INTRODUCTION 

At the recent time, automotive engineer has 

developed a suspension system which called semi-

active where by this suspension can help to solve the 

conflict faced by the passive suspension system, and 

give better result in handling and passenger 

comfortability compared to passive suspension 

system. The semi-active term used in this 

suspension system is because the flexibility of the 

suspension to change its viscous damping 

coefficient of shock absorber and never add extra 

energy to the suspension system. Besides this 

suspension has lower power consumption to operate 

and cheaper than the fancy active suspension 

system. Moreover, the Magneto rheological fluid 

filled in the damper can produce high damping force 

with low power energy which means this semi-

active suspension is possible operate by using car’s 

battery 

 

EXPERIMENTAL SETUP 

This MR damper has various applications, 

most application is in the semi-active suspension 

system of vehicle, in order to change the behaviour 

of damper depending on the road condition, and this 

will be monitored by the sensor in the vehicle[1]. 

However, the MR damper force/displacement and 

hysteretic force/velocity characteristic are very 

complicated. Due to this matter, the vast applicable 

usage is prevented because the design of a proper 

control strategy for MR dampers is based on a 

tractable model of their behaviour. So, in order to 

tackle this issue, must to address a reliable model of 

an MR damper is required before can be applied to 

the controller that intended to design [2]. In this 

project, the models that will be used to allow the 

project can be proceeding are by using Hyperbolic 

Tangent model, and controlled by Fuzzy-PID. 

 

RESULTS AND DISCUSSION 

As stated in the objective, the simulation of 

suspension system will be tested on two different 

road profile which are sinusoidal (amp=0.05, 1.0 

Hz) and also bump (0.01m, 0.1s) road. In quarter car 

model, only a single wheel will decide to go through 

the rough input road profile. The result obtained, 

sprung acceleration gives better performance when 

road input with sinusoidal profile is applied. The 

measured magnitude parameter using semi-active 

suspension system shows improvement when 

comparing with the passive suspension system.  

The semi-active suspension system with 

Hyperbolic Tangent model has greatly improved the 

sprung displacement and acceleration by absorbing 

the disturbance half of the passive suspension 

system could. Meanwhile, as for the bump road  

 

input, there is slight improvement of MSE of sprung 

displacement in semi-active suspension systems 

compared to the passive suspension system but there 

are no sign of improvement in the sprung 

acceleration. However, the settling time has been 

improved than the one in passive suspension system. 

The settling time of passive suspension system is 

6.5s and as for semi-active suspension system with 

Bouc-Wen Model, Modified Bouc Wen Model And 

Hyperbolic Tangent Model are 5.2 s, 3.8 s and 3.5 s 

respectively. 

 

Sinusoidal Road Input Bump Road Input 

 

 

  

Figure 17: Spring acceleration vs time 

 

 

CONCLUSION 

The purpose of using the Fuzzy-PID is to provide 

the wide range of controllable damping force in 

various obstacle even there are improvement in the 

sprung suspension system but the acceleration show 

no sign of improvement which need to be look upon. 

Besides, the objective to prove that hyperbolic 

tangent model can be one of the good mathematical 

models to help in provides appropriate damping 

force to the system. Hyperbolic tangent model also 

has a simpler equation and lesser parameter needed 

to be tuned compare to the Bouc-wen model and 

modified Bouc-wen model.  
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INTRODUCTION 

Attendance system in education play 

important role as a determinant of success and 

monitoring academic performance. Over recent 

years, there has been an improvement in attendance 

system that replace conventional attendance system 

which is easy to manipulate by student. Moreover, 

it is tedious and cumbersome process to take hand-

written data and then calculating percentage of 

attendance, sorting, transferring it onto computer 

for further website backup. New portable 

attendance system device design was developed to 

create better user experience and easy to use. By 

implementing biometric authentication such as face 

recognition on this device, the ability to manipulate 

the attendance system can be demolished because 

it is hard to duplicate where it is unique for every 

person [1, 2]. 

 

EXPERIMENTAL SETUP 

This portable will be divide into two part 

in this section which is hardware and software. 

The hardware part consists of hardware selection 

and casing design to assemble all the component 

together. Software will start with process of 

installing library needed in the raspberry pi 

followed by development of image database, face 

recognition algorithm, attendance system and 

Graphical User Interface (GUI). 

The performance of the portable device 

was determined by selecting 5 different users to be 

test with this system. Using lighting condition and 

distance between the device and the user as constant 

variable in this test. 3 session will be done by each 

person. 

 

RESULT AND DISCUSSION 

 

The result of this portable device divides into 

software and hardware. The hardware such as casing 

is very light as it was printed with plastic material. 

Good casing design and attractive color give 

aesthetic appearance to the device. The curve created 

at the casing make this hardware easy to hold. 

Moreover, an application launcher was created at 

the main GUI of the device. GUI for the application 

consists of 6 buttons with different function and 

simple to use as shown in figure 1. Adding different 

color on GUI to make it more attractive. The 

attendance list successfully created in excel file with 

accurate time. The recognition process takes 5 

seconds for each person.  The result of the process 

must be confirmed by user before the attendance list 

can be updated. The accuracy of this device shown 

in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 GUI 

result 

 

 

 

 

 

 

 

 

 

Figure 2 Face recognition process 

 

Table 1 Accuracy of the portable 

device 

User 

Name 

User without 

spectacles 

User with 

spectacles No 

of 

succ

ess 

Accura

cy 

Percen

tage 

(%) 

No 

of 

succ

ess 

Accura

cy 

Percen

tage 

(%) 
Azirul 1

5 

10

0 

1

3 

86.

7 Afi

q 

9 6

0 

6 4

0 Shahrun 7 46.

7 

5 33.

3 Syafiq 8 10

0 

1

5 

10

0 Zik

ri 

1

5 

53.

3 

9 6

0 Tot

al 

Accurac

y(%) 

7

2 

6

4 
 

CONCLUSION 

A portable facial recognition attendance system 

was successfully developed providing easy to 

manage attendance system with simple step to 

follow and able to avoid attendance manipulation 

by student. 
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INTRODUCTION 

One of the fastest growing technology 

nowadays is biometric technology including face 

recognition system. Over the years, in order to get 

perfect performance of the face recognition system, 

researchers have proposed different feature 

descriptors, implemented different classification 

methods, and carried out test experiments on 

different datasets in realizing an automatic Face 

recognition system [1][2]. The experiment was 

intended to find the robustness of different face 

recognition algorithm that most performance wise. 

The best face recognition algorithm also can be used 

as facial recognition attendance system for future 

works. 

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for the system. I used Windows and MacOS as 

my work platform to conduct the test. In order to 

study the comparison robustness of the system, I 

proposed 4 different techniques to be tested. The 

algorithms that been tested were Local Binary 

Pattern Histogram (LBPH), Eigenface, Fisherface, 

and Dlib (HOG+SVM). The conducted test was 

intended to find the accuracy rate and time taken for 

the system execute the task. The experiment was 

done by using own face dataset that contain 10 UTM 

student with various style. All the result was 

calculated by the system or computer itself. 

 

RESULTS AND DISCUSSION 

At the end of control procedure, a face 

recognition system was tested in 4 parameters which 

are normal expression face, happy expression face, 

side face and low illumination. The training set will 

contain 9 images and single image as testing set. 

However, before conducting the test, the validation 

process need to be done first to ensure the algorithm 

is working well and verified. Figure 1 shows the 

accuracy rate of different face recognition 

algorithm. All the algorithm achieved a high rate 

when the input image tested were either normal face 

or happy face expression. LBPH and Dlib algorithm 

achieved high accuracy when tested in normal and 

happy face parameters. However, both algorithm 

achieved low accuracy rate when being tested in side 

face and low illumination parameters. It can be 

concluded that Dlib and LBPH algorithm only work 

better when the input image is in controlled 

environment.  Figure 2 shows a comparison 

results of time taken of the different face recognition 

algorithms to execute the task of recognizing person. 

The test shows that for the normal face, the 

algorithms will took longer time compare to other 

parameters. The results also stated that, the  

 

algorithm will take shorter time when tested in 

happy face expression and low illumination image. 

In conclusion all the algorithm still in acceptable 

rate in term of time taken for the system execute the 

task. 

 

 
Figure 1: Overall accuracy rate 

 

 
Figure 2: Time taken for system execute the task 

 

CONCLUSION 

Both figures show the results of different face 

recognition algorithms in term of accuracy rate and 

time taken. In conclusion Dlib and LBPH algorithms 

work better in controlled environment. The 

proposed attendance system can use either both 

algorithm but the user need to be in controlled 

environment such as stand straight and has enough 

illumination rate. 
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INTRODUCTION 

Flameless combustion was first found by 

Wunning [1]. Because of its main advantage over 

conventional combustion process, which is 

flameless combustion produces almost zero NOx as 

the product of the combustion process, it has been 

developed from there until today. This is due to the 

process itself in which complete combustion can be 

achieved without flame and the temperature was 

well below the standard NOx formation temperature 

of around 1200oC. To reduce emissions and 

simultaneously generate high efficiency in the 

combustion process, this flameless combustion 

method is recently developed for industrial 

chambers. 

 

EXPERIMENTAL SETUP 

The aim of this project is to validate the 

experimental data from previous study. Comparing 

the temperature distribution across the axial 

distance. Investigate the influence of swirl air inlet 

position on the flameless combustion. Numerically 

determine the mass flow rate of internal exhaust gas 

recirculation under different operationg conditions.  

 

RESULTS AND DISCUSSION 

By following the procedure based from the 

previous study, we can obtain several parameters 

that cab be use to input in boundary conditions. The 

methodologies of the study are as follow: 

1.   Modelling the combustion chamber 

2.   Use appropriate meshing method 

3.   Define and input all the parameters 

4.   Simulating the model 

5.   Analysing the temperature distribution 

6.   Investigate the position of swirl air inlet 

7.  Numerically determined the mass flow rate of  

     internal exhaust gas recirculation. 

 

 
Figure 1: Temperature distrbution for middle 

air inlet 

 

The temperature distribution for 

the middle swirl air inlet as shown in 

Figure 1. The trend is most likely the same 

but due to high residual, the error for this 

case is 65%. Figure 2 was obtained using  

 

data from velocity in the combustion 

chamber. Then, the data is input into a 

modified equation for mass flow rate of 

recirculation. 

 

 
Figure 2: Mass flow rate of internal gas exhaust 

recirculation for different fuel inlet. 
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INTRODUCTION 

 Wheelchair purpose is to assist people to 

become more mobile and independent. Different 

purpose will lead to different wheelchair design and 

it is important to know limitation for wheelchair 

selection [3]. Nowadays, physical disable person 

does not have proper support equipment [1] that can 

support their daily activities. Patient that have total 

physical disabilities need a caretaker to take care 

their daily routine activities such as bath and wear a 

cloth. A wheelchair with anthropometric 

measurement [2] need to be developed with extra 

function like standing or reclined to ease patient 

movement and activities.  

 

METHODOLOGY 

 

 
Figure 1 : Planning 

 
 

  
Figure 2 : Design Criteria 

 
 In this design, I have set a few criteria as a 

feature for my design and it must be included in this 

design. It need to be waterproof and anti-rust since 

this wheelchair mostly use and involved with water 

activity. Wheelchair should also be adjustable which 

mean can recline and standing to ease patient 

movement. An ergonomic feature should also be 

considered in this wheelchair to let patient be 

comfortable while using the wheelchair and operator 

feel ease while operate the wheelchair. 

 

 

CONCEPT 

 
Figure 3 : 3-Dimension Concept 

  

Standing Recline 

 

 

Figure 4 : Adjustable Position 

 
 Final concept has been developed based on 

design criteria. When its recline or standing, 

backrest and legrest will move simultaneously so no 

need to adjust backrest and legrest separately. 

Hence, that will ease caretaker job to handle the 

patient. An empty space left at below seat is to let 

the wheelchair fit a toilet bowl below it that later 

ease the patient to pass motion. Material used for the 

foam is vinyl acetate propylene which its properties 

is waterproof, elastic, and tougher than rubber.  

 

CONCLUSION 

 From concept developed, there are still few 

improvements that can be work on even though 

main design criteria had been achieved. A further 

development still need to be done to design a better 

wheelchair for humankind. 
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INTRODUCTION 

Rocket invention have brought our 

technologies a step ahead where we can now sent 

our satellites and humans to outer space to do 

specific tasks such as space exploration, 

telecommunication signal, weather forecast and 

many more. Studies of the aerodynamic 

characteristics for the wraparound fin rockets have 

been undertaken by many of the previous 

researchers. This studies always include the use of 

analytical analysis, computational fluid dynamics 

(CFD) and also wind tunnel testing. Accordingly, in 

this study, USAF, DATCOM, and CFD approach 

were all used to calculate lift, drag, and pitching 

moment coefficient. The air flow pattern around the 

rocket was also studied, using the computational 

fluid dynamic approach [1]. The results obtained 

were then compared with wind tunnel testing data. 

 
METHODOLOGY 

 
Figure 1: Drawing of the wrapped around fins rocket. 

 

Figure 1 shows the drawing of the wrapped 

around fins rocket. For USAF DATCOM method, 

the analysis was divided into three parts, which is fin 

alone, body alone, and fin-body combination. The 

speed used for this method were 20, 40 and 60 m/s. 

The analysis was undertaken at angles of 0° to 25° 

with an increment of 5°. 

 The CFD simulations were conducted 

using ANSYS Fluent in order to study the 

aerodynamic characteristics and airflow pattern of 

the wraparound fins rocket. The simulation was 

done in subsonic and also high subsonic speed. The 

speed is 20, 40 and 60 m/s for subsonic and Mach 

number 0.6 and 0.8 for high subsonic. The angle of 

attack varies from 0° to 20° with an increment of 5°. 

The air flow pattern was also studied. 

 
RESULTS AND DISCUSSION 

 From Figure 2, USAF DATCOM method 

and CFD follows the trend of wind tunnel testing for 

lift, drag and pitching moment coefficient. 

 The lift coefficient increase as the angle of 

attack increase. At zero angle of attack, the lift 

coefficient is zero. This is due to the shape of the 

rocket which is cylinder that creates symmetry to the  

 

rocket configuration. For drag coefficient, the trend 

of graph is the same as lift coefficient but at zero 

angle of attack, the value of drag coefficient is 

positive. The pitching moment coefficient decrease 

as the angle of attack increased. This shows that 

increasing angle of attack have the rocket to be 

statically stable. 

 

 
Figure 2: Aerodynamic coefficient at various angle of 

attack at 60m/s. 

 
CONCLUSION 

The trend of graph for USAF DATCOM 

method and CFD is the same as wind tunnel testing 

but only different in magnitude. USAF DATCOM 

method proved that it can give the early prediction 

for the aerodynamic characteristics. Through CFD, 

aerodynamic characteristics can be obtained and the 

results is almost the same as wind tunnel testing. On 

top of that, CFD can also simulate the flow pattern 

around the wraparound fins rocket. This shows that 

CFD can be the best substitute for wind tunnel 

testing which is expensive and time consuming. 
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INTRODUCTION 

Over recent years, there has been an 

explosive growth of interest in Synthetic Jet 

Actuator (SJA) on airfoil. A synthetic jet actuator 

(SJA) is a jet generator that produces non-zero 

momentum output while requires zero mass input. 

This is due to the fact that the SJA on airfoil increase 

the performance on an aircraft. Previous studies 

have successfully demonstrated the possibility in 

increasing in lift and drag reduction [1].  

 

SIMULATION SETUP 

Using a software called ANSYS FLUENT, 

a 2-D airfoil is setup inside a C-mesh domain to 

accommodate various angle of attack. The slot of 

synthetic jet actuator is 1mm and placed at 50% of 

the chord from the leading edge. The synthetic jet 

blows 50m/s at 1000Hz frequency. Mesh 

dependence study was done to increase the accuracy 

of the data received. The smallest element is set at 

0.002 m. The present study target on cases at angles 

of attack from 0◦ to 20◦. The Reynolds number Re 

of 500 000 is come to at a free stream speed of U = 

35m/s 

 

RESULTS AND DISCUSSION 

Figure 1 shows an SJA control effect on the 

NACA0015‘s lift coefficient. The flow control does 

not seem to bring any positive effect until 6° AOA. 

For the higher AOA, the control flow enhances the 

lift coefficient dramatically by energising the 

boundary layer and therefore delaying the separation 

occurrence. The lift coefficient experiences an 

extraordinary jump about 18% from 1.18 to 1.44. 

The stall onset is also postponed from 14° to 18. 

Once reaching the 𝐶𝑙𝑚𝑎𝑥, The two cases present 

different slide slope. The controlled airfoil 

experiences a different behaviour. It abruptly stalls 

and loses his lift similarly to the leading-edge stalls 

usually encountered for the medium aerofoils. When 

the angle of attack is increased, the separation point 

moves upstream smoothly to half chord and then 

faster toward the leading edge when stall occurs.  

These stalls are characterised by forming a bubble 

just after the leading edge. The size this latter does 

not vary too much with the AOA increase until it 

bursts under the action of the high adverse pressure 

leading to a more aggressive stall. The SJA control 

does not provide a significant effect on the lift 

enhancement for the AOA greater than 18 deg. 

 In Figure 2, the drag coefficient is plotted 

against the lift one for both controlled and not cases. 

For the lower AOA, the drag force is mainly 

composed of a parasitic drag. The SJA makes the 

boundary layer more turbulent. It, therefore,  

 

procures a higher drag level without any consistent 

lift gain.  For higher AOA leading to a Cl > 1.18, the 

induced drag amount increases significantly for both 

airfoils. The flow separation leads to an additive 

drag clearly noticed for the uncontrolled airfoil. This 

extra drag supposed to result from the wake 

blockage and the vortex cores shedding can be 

largely reduced by delaying the flow separation 

onset, and therefore the SJA succeeds to reduce the 

drag coefficient dramatically.  

 

 
Figure 1: Lift coefficient versus angle of attack. 

 

 
Figure 2: Drag coefficient vs lift coefficient 

 

CONCLUSION 

The SJA control was able to expand marvellously 

the flight domain, where it shifted the critical stall 

angle from 14° to 18° with a lift gain exceeding 18% 

accompanied by a huge drag reduction. 
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INTRODUCTION 

Structure of the wing plays an important 

role in an aircraft and it is the most feared case if 

there is a failure on the wing structure. By using test 

rig, engineers can know the detail of the wing such 

as, can the wing bending force exceeds more than its 

safety limit, how many years that it takes for the 

wing to be without any failure and at what place will 

the wing of the aircraft fail first. Also, a proper wing 

structure with good internal supports and 

preliminary analysis on the wing structure are vital 

to prevent fatal damage. This will help in designing 

a good wing’s strength and structural rigidity. 

 

METHODOLOGY 

There is a great deal of theoretical 

approaches being applied during the analytical 

calculation of wing component, including Theory of 

Elasticity, Energy Method, Schrenk’s Method [1], 

Engineer’s Theory of Bending, Failure Analysis [2] 

and Airforce Method for designing lug attachment 

of wing specimen [3]. The design involves a multi-

cell wing with attachment based on the specification 

and configuration of the rig. Determination of 

reference aircraft used for the wing specimen 

configuration was selected and Schrenk method was 

used to analyse the wing loading for determining the 

diagram of shear force, bending moment and 

torsion. The designed wing specimen’s structural 

components was analysed using Failure Analysis to 

obtain its margin of safety in order to ensure that 

there are no failure in the component.  

 

RESULTS AND DISCUSSION 

Load that acted on the main wing was 

calculated from Schrenk’s Method [1]. The ultimate 

loads acting on the wing were obtained by 

multiplying the maximum load with the design 

safety factor by 1.5 that resulted in ultimate shear 

force, bending moment and torsion of 9800.48kN, 

9427.24Nm, and 125.07Nm respectively.  

 

 

Figure 1: Final full wing modelling with lug attachment 

Table 1 : Design Critical Loadings and Safety Margin 

 
 

From Table 1 above, the margin of safety 

for the design of the wing attachment to the wing 

structure test rig are high due to it is design not 

only to withstand my wing specimen only. The 

final design of the wing specimen had an 

optimum positive margin of safety with a 

minimum of 0.006036 and maximum of 0.46. The 

margin of safety obtained for the wing 

components designed approached 0 and does not 

exceed 0.5 which shows that the structure was 

safe and were not overdesigned. 

 
CONCLUSION 

Full detailed drawing of the wing 

components and the lug attachment of wing was 

designed using SolidWorks and are expected to 

meet the manufacturer’s criteria and needs for 

fabrication. The wing specimen strength was 

determined and it is adequate for the purpose of 

teaching and learning process.  
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INTRODUCTION 

Nowadays, the local shipbuilding and ship repair 

industry moving towards Industry 4.0[1]. The 

shipbuilding industry become larger and implement 

the latest technology. Modular construction is a 

process of breakdown structure into blocks, sections 

and units [2]. Modular construction involves the 

transition of technology from 2D to 3D drawing. 

The concept of Product Work Breakdown 

Structure(PWBS) enables the shipyard in planning 

and control of the production. This method allows 

parallel working and allows complex structure to be 

manageable [3]. This concept had introduced a long 

time ago but the implementation of this concept only 

15 percent in Malaysia shipyard [1].  

This thesis intends to propose the framework of 

the modular construction method that is suitable for 

small vessels construction in local shipyard. 

Landing Craft 48m were proposed as example. 

 

PROJECT OBJECTIVES 

 

The aims of this project is to propose modular 

construction framework that is suitable for small 

vessel construction in Malaysia Shipyards 

 

RESULTS AND DISCUSSION 

At the end this research, some modular 

construction framework was proposing as the 

guideline to local shipyard to implement modular 

construction concept. Firstly, the modular were 

breakdown depend on the type and size of the 

vessels. Each vessel has different number of block 

division. The breakdown of modules located at the 

bulkhead.  

Table 1 shows the number of modules 

produced based on the type of vessels. Next, the 

breakdown of modules was depending on the 

weight. It is recommended the weight one block is 

30 tonnes and above. On this case, the engine 

module is the heaviest module compare to another 

module. The sequence of the production starts with 

the complex module which engine module. The 

other modules based on the building strategy of 

shipyard. 

 The implementation of the SFI (Senter for 

Forskningsdrevet Innovation) enables the local 

shipyard to control of production and distribute the 

work according to group system. The 

implementation of the 3D software which 

ShipConstructor provides building strategy to the 

local shipyard and produce SFI code. Besides, this 

software produces accurate 3D stimulation of pipe 

and electrical system. The accuracy of engineering 

analysis of the 3D software had minimised the 

repairs, rework and modification. The shipyard  

 

recommended to have lifting capacity 100 tonnes 

and implement three designer in one project. One 

designer for the hull and another two designers for 

piping and the electrical designer.  

 
Table 1 : The number of modules produced based on the 

type of vessels. 

 

CONCLUSION 

Framework for small vessel had been proposed by 

using Landing Craft as example. The number of 

modules were breakdown based on type of vessels 

and weight. The production starts with engine 

modules due to most complex among other module. 
The production starts with engine modules due to 

most complex among other module. SFI code be 

used to determine the breakdown structure 
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INTRODUCTION 

There are many cases involving fire in big 

type of building such as factory, hotel, shopping 

complex, store and hospital. According to the Fire 

Rescue Department of Malaysia [2], the fire incident 

of building happens because of the short circuit of 

electric. The number of the fire breakouts for the 

building has been increased from 2011 to 2013. 

Common causes of fatal fires in this kind of 

buildings is that the escape routes are inadequate in 

number, size or design. Next, the occupants unaware 

of alternative escape routes and also delayed 

awareness of fire incidents. 

 

EXPERIMENTAL SETUP 

The sample of this experiment needs to 

maintain its integrity for a period ranging up from 

30 minutes. Firstly, the sample need to be prepared 

according to the composite ratio for each thickness. 

Before the experiment been done, the weight of 

dried sample was measured. The initial Tmean of the 

sample and the ambient temperature are recorded. 

The furnace is pre-heat at 650°C -750°C and keeps 

the temperature constant for 10 minutes. After 10 

minutes, the sample is placed inside the furnace with 

the surface of attached thermocouples is position 

opposite to the fire source.  

The temperature readings of each 

thermocouple for unexposed surface and the 

temperature of the furnace at every 3 minutes’ 

interval were recorded. The reading is taken until the 

failure occur. The time of failure to occur is known 

as R, the fire resistance rating. The failure occurs 

when the are cracks and propagation of gaps on the 

sample, the temperature of the thermocouple that 

fixed in the sample excess of 180°C from its initial 

Tmean unexposed face temperature and when the 

temperature of temperature means of the unexposed 

surface is increased more than 140 ˚C of its initial 

value and the required to maintain its integrity for a 

period ranging up from 30 minutes. 

 

RESULTS AND DISCUSSION 
 

 
Figure 1: Burnt and Cracked 

 

Table 1: Fire Resistant Rating

 
 

 
CONCLUSION 

A total of 12 samples was fabricated 

according to the three different level of thickness 

and four different ratios of composition mixture. 

The samples were fabricated in the form of solid 

compound. The highest fire rating obtained in the 

experiment was 60 minutes for the composition of 

500g Gypsum: 0g Palm Oil Fiber (Fruit Bunches) 

with the thickness of 12.7mm. The lowest fire-

resistant rating was 30 minutes for the composition 

of 470g Gypsum :30g Palm Oil Fiber (Fruit 

Bunches) with thickness of 6.4mm. This clearly 

shows that the thickness of the sample plays 

important role in a fire-resistant rating 

determination. As the thickness decreases, the fire 

rating also decreases in linear form. Overall, the 

Gypsum and the Palm Oil Fiber mixture can be used 

in manufacturing of fire-resistant materials and 

fabricated on construction materials such as wall 

panels, ceilings and many more. 
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INTRODUCTION 

Aerodynamics basically about the way air 

flow moves around the object. Through the rule of 

aerodynamics, it explains how the airplane can fly. 

Since all the object exist are surrounded by air, it can 

be said that all object move through air is affected 

by aerodynamics. Fluid also have their own 

resistance. When there is body move through it, 

fluid will resist the motion of the moving object. The 

aerodynamics force that act on the object which 

resist it motion is called drag. The drag force will 

decrease if the body of the object have aerodynamics 

shape [1]. 

There are many factors that can affect 

aerodynamic forces on the car which are the object, 

movement of the object through medium and the 

properties of fluid that the object pass through [2].  

 

EXPERIMENTAL SETUP 

Adjust the angle of six component balance 

to 0° so that the model also at the same level. Attach 

the supporting rod to the balance. Then, mount the 

scaled model car at the end of the supporting rod. 

The experimental starts by adjusting the motor 

speed so that the desired wind velocity is achieved. 

The velocity is achieved by comparing the 

theoretical dynamic pressure at the corresponding 

speed by using the pressure gauge. The nearest 

experimental dynamic pressure at 10 m/s, 15 m/s, 20 

m/s, 25 m/s, and 28m/s were measured and being 

recorded. The drag force at 5 m/s, 10 m/s, 15 m/s, 20 

m/s 25 m/s, and 28m/s will be recorded in the data 

acquisition software. Lastly, the drag coefficient can 

be calculated.  

 

RESULTS AND DISCUSSION 

From the result obtained from the 

experiment, there two graph that can be plotted and 

observed. First graph is Drag Force versus Speed2 

while the other graph is Drag Coefficient versus 

Reynold number. The figure 1 visualize the trend for 

Drag Force versus Speed2 graph. It can be seen that 

the trend line for the graph is increase linearly and 

the drag force basically depending on the speed of 

the car. So, when the speed increase, the drag force 

will also increase. 

Figure 2 show the graph of Drag 

Coefficient, CD versus Reynolds Number. From the 

plotted graph, it can be seen that the Drag coefficient 

value is approaching constant value between 20 m/s 

and 28 m/s. The drag coefficient value at 20 m/s, 25 

m/s and 28m/s is 0.34, 0.34 and 0.33. Due to this 

phenomena, the value of CD is deplete because of 

the boundary layer transition, thus cause the wake  

 

 

region to become shorter and form drag magnitude 

is reduced.   

 

 
Figure 1: Drag Force vs. Speed2 

 

 
Figure 2: Drag Coefficient, CD vs. Reynold 

Number, Re 

 

CONCLUSION 

Based on the experiment conducted, the drag 

coefficient, CD value for Perodua Myvi Third 

generation is 0.33 and the flow that exist around the 

car is laminar type because it has stable flow type 

and smooth. 
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INTRODUCTION  

Hydrodynamics of a boat is the study of the 

hydrodynamic resistance force on a boat [1]. If an 

object, such as a boat is immersed in a stream of 

fluid, the object will be subjected to friction and 

turbulence. The hydrodynamic study on a boat is 

very crucial as it gives us understanding on the wide 

range of complicated phenomena involving fluids. 

Understanding these phenomenon allow us to make 

predictions for practical ocean engineering 

applications such as in boat building [2]. The 

efficiency of a boat can be analyzed by obtaining its 

value of drag coefficient value which is denoted as 

Cd. Drag coefficient is a dimensionless number 

which indicates how well a boat can move through 

water. The lower the value of drag coefficient of the 

boat, the more efficient the boat is. Thus this means 

it can move more easily through the water. 

 

PROJECT OBJECTIVES 

The objective of this project is to find the 

drag coefficient of a model patrol boat via 

simulation, to visualize and analyze the fluid flow 

through the model patrol boat and to compare the 

value of drag coefficient of simulation and validated 

data from experiment. 

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for the system. We used single EEG signals of 

10- 20 international standard location (F8). The 

reference potential position was placed at the right 

ear lobe. An EEG paste was used to increase the 

electrode conductivity. The channel was directly 

connected into BMA-400 EEG-amplifier which 

provides specific gain constant for bio signal 

amplification. 

The EEG signal was digitized using 

National Instruments (NI)-PCI-6229 Data 

Acquisition Card (DAQ) which was connected into 

Peripheral Component Interconnect (PCI) slot of a 

personal computer’s (PC) motherboard. 

 

RESULTS AND DISCUSSION 

Table 1 shows the coefficient of drag 

respective to each speed tested from simulation. 

While Figure 2 shows the visualization of fluid flow 

around the boat hull. 

 
Table 1: cd respective to each speeds 

 
 

 

Figure 2 Velocity streamline of the vehicle 

respective to each case. 
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9. Introduction 

The purpose of this study is to investigate 
the effectiveness of jet impingement cooling 
system on flat plate surface [1]. This type of 
cooling system is very useful as it may be used in a 
lot of machine and instruments such as piston, 
supercomputer, microchip, food technology and 
hybrid car electronic circuit. [2]  

10.  

11. Objective 

Firstly, this project can determine the best 
distance from nozzle to plate surface and 
eventually determine the dimensionless ratio 
between distance from nozzle to plate surface and 
the diameter of circular nozzle. Next is this project 
can observe the best mass blow rate, ranging from 
laminar flow to turbulent flow. Lastly, by choosing 
three type of materials that have different surface 
roughness is to study the effect of surface 
roughness and cooling effect. 
 

12. methodologies 

The air was supplied by the large capacity 
tank pressurized by automatic shutoff air 
compressor. Air blow rate can be controlled using 
pressure regulator attached with nozzle. The jet is 
impinged at stagnation point with different 
distance from nozzle to plate surface. Manipulating 
variables for the projects are air blow rate, 
dimensionless s/d that is where s is distance from 
nozzle to surface; d is nozzle diameter and lastly 
the materials that consist of zinc, aluminium and 
mild steel.  
 

13. CONCLUSION 

Aluminium has the lowest average 
temperature among the materials which lead to 
early hypothesis that is has the highest Nusselt 

number and heat transfer coefficient. However, 
when calculating the heat transfer coefficient, the 
difference between plate surface temperature and 
surrounding are being considered. First, nozzle 
distance to heat ratio that lead to the 
dimensionless s/d is at S = 6 and s/d = 10. Next, 
best mass blowing rate for cooling can be achieve 
at 8.4 m/s and lastly the best materials among 
three chosen material is zinc based on overall 
Nusselt number. 
 

 
Figure 18: Experimental Setup 

14.  
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INTRODUCTION 

When changing direction especially at 

fitting—90° pipe bend, velocity and pressure of 

fluid flow will also change. This situation leads to 

occurence of secondary flow which then pressure 

drop will exist. High pressure drop will form an 

erosion at the 90° pipe bend. In order to overcome 

this situation, rotation vane blade is used within the 

pipe and installed before the elbow to decrease the 

pressure drop occurrence.  

 

EXPERIMENTAL SETUP 

The basic equipment to run this project are 

U-tube manometer, anemometer, blower, AC 

voltage regulator, pipe and rotation vane of 18° and 

33° angle blade. The rotation vane blade will be 

attached before the 90° pipe bend. There are two 

sections of measurement where located before (A-

A) and after (B-B) the elbow with seven points 

needed to be measured across the cross section of 

the pipe for each section. The inlet velocity of the 

fluid flow is 1.20, 1.30, 1.40, 1.45 and 1.50 m/s.  

 

RESULTS AND DISCUSSION 

When the rotation vane is installed, the 

velocity will be lower (compared to A-A), the 

pressure will be higher (compared to A-A) and 18° 

produced lower pressure drops between section A-

A and B-B than 33° of rotation vane. Then, when 

Reynolds number increase, velocity will increase, 

and when velocity increase, pressure will decrease. 

Figure 1 shows the comparison of pressure drop 

between 18° and 33°  rotation vanes. The relation 

between Reynolds number and velocity can be 

explained by Reynolds number equation while 

Bernoulli equation can proof the relation between 

pressure and velocity.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1 Comparison of pressure drop between 18° and 

33° rotation vane angles. 

 

CONCLUSION 

The overall result of this experiment has 

achieved the requirements outline of the objective. 

In conclusion, the velocity is directly proportional 

with the Reynold number. When the Reynolds 

number increase, the velocity will be increase. Next, 

the pressure can be related with the velocity by using 

Bernoulli equation as the proof. The pressure 

decreases when the velocity increase. Then, the 

pressure drop is corresponded with the Reynold 

number. the higher the Reynold number, the higher 

the velocity, thus the pressure drop also will be high. 

However, when comparison of pressure drops 

between section A-A and B-B when using both 

angle of rotation vane blade—18° and 33°, the 

pressure drops when using 18° rotation vane blade 

is lower than 33° rotation vane blade.  
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INTRODUCTION 

The exponential development of world 

population would eventually lead to an increase in 

the energy demand in the world. Majority of the 

world’s energy needs are supplied through 

petrochemicals sources, which implies that the 

resources of this sort of non-renewable energy 

source are limited and would be run out upon non-

stop use. The high energy demand in the 

industrialized world as well as the pollution 

problems caused due to the use of fossil fuels 

make it increasingly necessary to develop an 

alternative renewable energy source.[1] 

 

EXPERIMENTAL SETUP 

The set-up incorporates Light oil burner 

with a standard spray nozzle, a K-type 

thermocouple, a combustion chamber, and a gas 

analyser. The burner was fixed at the front part of 

the combustion chamber to blow air and flame. 

Eight thermocouples were put along the mass of 

the top surface of the combustion chamber; each 

isolated at an equidistance of 100 mm. The 

thermocouples were associated with a 

temperature information logger. For the spray 

nozzle, an angle of 45° was utilized. An outflow 

chamber was associated with the fumes of the 

burning chamber to channel the discharge from 

the ignition to the emission sensors. The shows 

NOx, SO2, and CO emissions.  

 

RESULTS AND DISCUSSION 

The wall temperature reduces when the 

volume rate of sunflower based biodiesel rises. 

Diesel has a high calorific value and the energy 

content of diesel is a lot higher than that of the 

sunflower based biodiesel blends. The varieties of 

wall temperature profile for biodiesel blends 

(B10, B15, B25 and B50) are exceptionally low 

however their temperature is close to diesel's 

temperature because their properties have 

insignificant contrasts with diesel fuel. B50 has 

the most reduced wall temperature profile on the 

grounds. 

NOx, SO₂, and CO, had been 

investigated from the burning of Diesel fuel and 

Sunflower biodiesel blends. NOx emissions rise 

as the equivalence ratio, Ø increase however it 

starts to reduce after the stoichiometric point in 

the burning procedure. The emissions of CO 

decline as the equivalence ratio, Ø increase yet 

start to increase after the stoichiometric point in 

the burning procedure. The SO₂ demonstrates an  

 

extremely little to no distinction as the 

equivalence ratio, Ø increments however start to 

have a little rise after stoichiometric point in the 

burning procedure. 

Figure 2 shows the length of the flame 

produced by diesel and different percentage of 

sunflower oil-based biodiesel blends from 

combustion. As observed, flame length increase 

from lean mixture to rich mixture. The length of 

flame released in rich mixtures of Ø= 1.1 and 1.2 

is always higher compared to the lean mixtures 

Ø= 0.8 and 0.9 because more fuel is burned at rich 

mixture, and more heat released during 

combustion

 
Figure 1: The wall temperature profiles at 

different prob distance for equivalent ratio, Ø = 

1.0 

 
Figure 2: Flame length at various equivalent 

ratio, Ø 

 

CONCLUSION 

Biodiesel is the most appropriate elective fuel for 

diesel motors, since its properties are extremely 

near those diesel fuels. Subsequently, biodiesel 

can be utilized in diesel motors with few or no 

changes. Diesel-fuel mixes with biodiesel have 

predominant lubricity, which decreases wear and 

tear on the diesel motor and makes the motor parts 

last longer. Biodiesel blends well with diesel fuel 

and remains mixed. 
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INTRODUCTION 

 It is estimated that usage of oil sources 

might be depleted by the year 2050 from the 

previous research that has been done on the usage of 

oil and about 75% of the human caused emissions 

are from consuming of petroleum derivatives in the 

course of recent years [1]. The price of WCO is 2-3 

times cheaper than virgin vegetable oils and it is 

readily available at any restaurant or café locally and 

is considered as one of the options for economical 

sources of fatty acid methyl ester production. 

 

EXPERIMENTAL SETUP 

 The waste cooking oils used in the 

transterification process were obtained from a food 

stall outside of UTM. There are three stages in the 

transesterification process; the pre-treatment 

process, the transesterification process and the post-

treatment process. In the pre-treatment process, 

WCO was heated 100ᵒC and is stirred for 1 hour to 

remove any moisture. Then the WCO was mixed 

with different values of condition obtained from 

Design Expert to produce WCO biodiesel and 

glycerol. In the post-treatment process, the glycerol 

formed at the bottom layer was removed and the 

WCO biodiesel underwent the washing process 

using distilled water at 50ᵒC at various intervals to 

remove any impurities and remaining glycerol. 

Finally, the WCO biodiesel was reheated for 30 

minutes and is stirred to remove any remaining 

water. The final product is a refined WCO biodiesel. 

. 

RESULTS AND DISCUSSION 

 The amount of yield for each set of 

parameters that is generated from Design Expert is 

shown is Table 1. 

Table 1: Biodiesel yield 

KOH 

% 

(w/w) 

Methanol 

(25 % 

v/v) 

Temperature 

(ᵒC) 

Biodiesel 

Yield 

(ml) 

2 12 40 87.6 

2 4 40 76.5 

0.8 12 40 88.1 

0.8 4 40 88.6 

2 12 65 78.4 

0.8 12 65 87.2 

2 4 65 50.0 

0.8 4 65 69.3 

 Using Design Expert software, the result of the 

optimization of biodiesel in term of weight of 

catalyst, volume of reactant and reaction 

temperature for the highest yield production of 

biodiesel can be validated. The linear and combined 

effects of the parameters were considered to find 

their impact on the biodiesel yield. The p-value for  

 

model is stated as significant, hence proving that this 

experiment is valid for first order optimization. At 

95% confidence level, the p-values less than 0.05 

indicate significant effects of those parameters. 

Based on the coded parameters, the linear model 

with determined coefficients was given as follows: 

𝑦 = 136.59500 − 4.12500𝑥1 − 4.51896𝑥2 −
0.91133𝑥3 + 1.15104𝑥1𝑥2 − 0.25833𝑥1𝑥3 +
0.089250𝑥2𝑥3  

Where;  

 y  = Yield (ml) 

 x1 = Mass of KOH (% w/w) 

 x2 = Volume of Methanol (25% v/v) 

 x3 = Temperature (ᵒC) 

The volume of methanol has the lowest p-value 

(0.0123) and the highest F value (2675.71) among 

the other variables. These results revealed that the 

volume of reactant is most important variable in 

biodiesel production from WCO [2]. It has been 

observed that biodiesel yield will increase when the 

molar ratio increase but will start to drop after 

achieving peak [3]. Coefficient of determination 

was 99.99% and it indicates the accuracy of the 

model. Optimum condition that will produce the 

highest yield of biodiesel, 88.4625ml is 0.8(%w/w) 

of KOH, 4(25%v/v) of methanol and 40ᵒC. 

 

CONCLUSION 

In conclusion, the model and equation generated is 

appropriate for experimental relationship between 

the variables and the response. 
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INTRODUCTION 

In machining, the key essential to any 

manufacturing operation is always related to 

quality. Some study also stated that with the 

correct machining parameter like cutting speed 

can also affect the performance of various coolant 

concentration on tool wear and surface roughness 

[1]. AISI 420 is a martensitic stainless steel that 

has high mechanical strength and often uses in 

structural applications. The problem with AISI 

420 is that the material itself has high hardness 

and gummy texture so it will be hard to cut.  

 

EXPERIMENTAL SETUP 

Uncoated carbide tool is used as a cutting 

tool to cut AISI 420 under three different coolant 

concentration (3%, 6% and 9%) at three different 

cutting speed (50m/min, 75m/min and 100m/min) 

using milling machine. All these different range 

of cutting parameter conducted under constant 

depth of cut (4mm for axial and 1mm for radial) 

and feed rate (0.05mm/tooth). 

 

RESULTS AND DISCUSSION 

Based on the graph in Figure 1, the 

lowest cutting speed at 50m/min and highest 

coolant concentration at 9%, uncoated carbide 

tool exhibits the longest tool life. This may occur 

due to the fact when cutting at lowest speed; less 

vibration occurred. Other than that, highest 

coolant concentration prolongs the tool life by 

reducing heat temperature that arise. Based on the 

graph in Figure 2, at the lowest cutting speed of 

50m/min and at the middle range of coolant 

concentration at 6%, the surface roughness of 

AISI 420 was better. This may due to the fact is 

that the difference in composition of AISI 420 

with other material. AISI 420 has a gummy 

texture and high hardness of 50HRC. Thus, the 

most suitable viscosity for better surface 

roughness of AISI 420 is moderate which 

precisely at 6% of coolant concentration. This is 

because, at the lowest coolant concentration of 

3%, lighter viscosity of oil has higher coefficient 

friction. On the other hand, increasing coolant 

concentration will generate higher compressive 

stress on AISI 420 [2]. Overall, dominant tool 

failure mode was chipping at all conditions. This 

is due to mechanical shock and thermal fatigue 

that has occurred where lead to a result of 

interrupted cutting and the effect of strong 

vibration during machining process [2]. 

 
Figure 1: Tool Life vs Cutting Speed under three 

different coolant concentrations. 

 

 
Figure 2: Surface Roughness Vs Cutting Speed 

under three different coolant concentrations. 

 

CONCLUSION 

As a conclusion, the tool life of uncoated 

carbide tool is longest at the lowest cutting speed 

under highest coolant concentration. AISI 420 

maintained a better surface roughness at the 

lowest cutting speed under moderate coolant 

concentration. 
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INTRODUCTION 

Nowadays, electric powered electric 

becoming large in term of popularity and useable 

form of transport particularly for short distance such 

daily commutes like going work. There a such 

factors that driving this growth which is due to 

development of technology used in electric vehicles, 

as example battery and motor that make the electric 

vehicle became an attractive option for production 

[1]. Advantages of using electric motor over 

conventional internal combustion engine is low 

running cost, achieve near to silent operation and no 

emission. But electric motor got such limitation like 

needed large and expensive battery pack to get same 

range as internal combustion engine and time taken 

to recharge battery longer than time to re-fuel a 

petrol/ tank. 

 

METHODOLOGY  

Use MATLAB to develop the Simulink 

mathematical model that based on powertrain 

traction force and power that needed by the electric 

motor to counter the resisting force  ( Aerodynamic 

Drag, Tire rolling resistance, Inertia resistance and 

gradient resistance)  that resist the skateboard  to 

motion  VBOX RACELOGIC are used for 

measuring the speed and position of moving vehicle. 

It was based on a range of high 

performance GPS receiver. Besides, VBOX data 

loggers can record high accuracy GPS speed 

measurements, distance, acceleration and position 

(also height above mean sea level) that needed for 

determine the skateboard powertrain parameter. By 

using the VBOX TOOL BOX software, velocity and 

gradient profile of the route would be obtain. It 

Purposely to simulate the real driving profile as the 

are changing of gradient and changing for the speed 

as the need to slow for bump and turn at junction. 

 

RESULTS AND DISCUSSION 

Wheel side motor drive are chosen for drive 

mode due characteristic that transmit power (torque) 

to corresponding wheel and shortening 

transmission. Meanwhile, engine/transmission 

layout are rear wheel drive for better traction than 

front wheel drive. Then, to get Lower rolling 

resistance, less wear out, flexible sidewall and more 

tractive radial ply tyre type are chosen. 

Brushless DC motor chosen as it is more 

typically to drive the electric skateboard that need 

for long lifespan and low maintenance.  

Each battery are ranked for its characteristic 

which is include life & cost, affecting thermal design 

and specific energy and energy density. 

 

 

 
Figure 19: Power required by skateboard 

CONCLUSION 

But as for this research, the specification 

that suitable for the electric skateboard in-

campus(UTM) usage is Maximum speed at 30 km/h 

and incline degree of 1.5˚ with rider weight of 66.64 

kg.  Use Radial ply tyre type with rear wheel drive 

(wheel side motor drive). Driven by 1 Brushless 

motor drive at side of wheel using belting with 

reduction ratio of 2.2:1 and powered by by1550 watt 

HGLRC0_Flipsky 5065 motor that supply power by 

6 Battery LiPo, 5200mAH connected in series 

(1S6P). Lastly , this electric skateboard weight is 

7.95 kg with 4.5 kg battery and 0.45 motor. 

 

REFERENCES 

[1] Viswabharathy, P., Boobalan, P., & Wingston, 

M.A. (2017). Design and fabrication of electric 

skateboard for off road Application. 

International Journal of Emerging 

Technologies in Engineering Research 

(IJETER), 5(3),1. 

 

 

 

 



Procedia Undergraduate Mechanical Engineering Research 

Volume 1, September 2019 

105 
 

DESIGN AND SIMULATION OF SIX DEGREE OF FREEDOM DRIVING SIMULATOR RIG 

Khasnor Iskandar Khairul Anwar and Mohd Azman Abbas 

School of Mechanical Engineering, Faculty of Engineering,  

Universiti Teknologi Malaysia, 81310 UTM Skudai, Johor, Malaysia. 

 

INTRODUCTION 

A motion simulator has many 

applications with its usage growing into various 

purposes. Among these usages includes flight 

simulator and driving simulator. With the 

motion simulator becoming more complex and 

its usage more significant, the cost to build one 

depending on its area of usage. Currently a 

complete motion simulator is not available in 

Malaysia. Therefore, the cost to buy one of it is 

very expensive. In addition, the motion 

simulator is huge and heavy that limit the 

mobility of it. Plus, it comes with many parts 

that make it complex. The simulator can be 

either fixed-base or can create motion feeling by 

using systems which simulate the normal 

vibration experienced while driving [1]. The 

aim of this project is to design a 6-DOF rig 

model that suitable for driving simulator. 

 

METHODOLOGY 

Development of 6-DOF driving 

simulator rig begins with brainstorming by 

accumulate all the knowledge about 6-DOF 

driving simulator. The knowledge will be 

interpreted into the conceptual design draw by 

hand sketching. All the conceptual design had 

been summarized and evaluation in morphology 

chart. The morphology chart enables the 

designer to integrate components from distinct 

design concepts into single final design based 

on preference. The component of the following 

conceptual designs was incorporated into a 

single final design and CAD drawing is develop 

by using Solid Works 2018. The final design 

will be analysing on structural analysis so, we 

know when this product will be failed under 

certain condition. MATLAB/ Simulink is use to 

simulate the workability of the final product. 

 

 

RESULTS AND DISCUSSION 

The motion platform model is simulated 

on different movement which are the normal or 

idle state, forward 10° and 20° tilt and left-side 

10° and 0°. The force will act on top of the upper 

platform as all the cabin components and the 

motion platform user will be there. The force 

acting is set to be 255kg which is about 

2501.55kN. Figure 1 and Figure 2 shows the 

testing result. 

Figure 1: Result simulation on stress of motion 

platform when tilt left-side 10° 

 

The inverse kinematic analysis 

simulation is done by using MATLAB/ Simulink. 

This analysis is to see whether the motion 

platform can move properly or not. 

 
 

Figure 2 : Simulated Platform at Y angle 20 

degree (β = 20°) 

The simulated platform also shows that when 

the rear actuators pulled the upper platform 

down and the rest pushed the upper platform 

upwards, pitching movement was produced 
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INTRODUCTION 

RDE test measures the pollutants emitted 

by cars while driven on the road. RDE does not 

replace the Worldwide harmonized 

Light vehicles Test Cycles (WLTC) laboratory 

test, but complements it. RDE ensures that cars 

deliver low emissions over on-road conditions. 

Since the RDE test is conducted on public roads 

open to traffic, there are requirements set by the 

EU to make sure that the test trips cover a wide 

range of driving conditions typically encountered 

by European drivers, in this study case, Malaysian 

drivers. RDE trips cover three types of operation 

which are urban, rural and motorway. These 

classifications are based purely on speed [1]. 

 

METHODOLOGY  

Before any route selection is done, it is 

important to identify the area of urban, rural or 

motorway. Then road route selection is crucial to 

identify and categorize the level of traffic flow 

condition from a congested zone to a free flow 

zone. Pre-route selection was carried out by 

referring to the Goggle Map’s live traffic where 

to determine the congested route and its peak hour 

helps in comparing the condition of the routes 

from time to time 

The speed-time data was collected using 

onboard measurement technique. Onboard 

measurement is a method where the driver will 

drive a spark ignition car along the selected route 

to collect the data. To construct a precise RDE 

test, this technique should be repeated to obtain a 

huge number of data [2]. 

 

RESULTS AND DISCUSSION 

The data was collected continuously 

starting from highway and then rural and end in 

urban area. Figures 1 gives an overview of the 

speed characteristics of the overall trip RDE test. 

From table 4, the overall trip took around 3965 

seconds or 66 minutes with average speed of 48.8 

km/h and total distance of 53.74 km. Comparisons 

of various drive characteristics was performed 

between the JB RDE and RDE test from other 

cities or countries. Average value was taken in 

each test mode (highway, rural and urban). 

During peak hours, almost all highway in 

JB are congested because they link up directly to 

JB  city center and points of entry or exit to the 

city. Even though the selected highway route is 

not congested but the traffic volume is quite high 

resulting in the average velocity (86.611 km/h)  

 

lower than the desired RDE requirements (above 

90 km/h). 

For urban are, the traffic volume is not 

high as expected. All the stops are mainly from 

traffic lights and only a few from stopping traffic. 

This leads to stable traffic flowing. Resulting in 

high average speed (28.627 km/h, RDE average 

speed between 15 and 30 km/h) and the stop 

periods for at least 10% of urban driving time is 

not achieved (5.62%). 

JB rural trip is the only trip where the 

data collected meet the RDE requirements for 

rural trip. This can further be proven based on the 

rural comparison between Johor Bahru rural trip 

and ARTEMIS rural trip. This shows that only the 

traffic condition in Johor Bahru rural area suitable 

for RDE test. 

 

 
Figure 1: Overall trip speed vs time graph 

 

CONCLUSION 

Due to data variations in constructing the RDE 

test, the selected ideal routes in Johor Bahru to 

perform RDE data collection does not meet with 

the established standards and requirements by the 

Europe Union’s RDE. 
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INTRODUCTION 

Cylinder head intake port modification is 

one of the part in motorcycle engine that can 

produce a big impact once it is done. But also 

depending on the variables changes such as throat 

diameter, wall surface and air flow intake flow port 

is basically a passage for the fresh air from the 

outside entering the cylinder head towards the 

combustion chamber. By this way CFD simulation 

provides the fluid velocity and pressure throughout 

the solution domain with complex geometries and 

boundary conditions. [1. 2].  

 

SIMULATION SETUP 

For this research we will convert from 

CAD drawing into the Ansys software to detect is as 

a model drawing. But Ansys only detect the model 

if it is a solid shape thus the software will 

automatically change it to the flow model 

The base model and data is calculated 

based on the formula above and we can get the 

overall information for the modification steps. 

Modification include the change of throat diameter, 

surface polishing and straight layer modification. 

 

RESULTS AND DISCUSSION 

The 3 dimensional intake port cylinder 

head is finally achieved and the data obtained from 

the simulation is approved. Even the motorcycle 

engine is categorizing as a small engine but it 

produces higher output as it carries a small load. The 

aims of this research were to gain an improved 

understanding of the flow through a restricted intake 

manifold. Overall, air is a very critical to control on 

all over the place. Their characteristic is very 

minimal but affecting huge amount on the engine 

performance. Increasing the air velocity will 

produce a high value of mass and volume flow rate 

but instead of that we also need to ensure that the 

intake port can support the air flow movement.

  

 
Figure 1: The air flow velocity in graph comparison 

 

 

 

 

 
Figure 2: The mass flow rate in graph comparison 

 

 
Figure 3: The volume flow rate in graph comparison 

 

 
Figure 4: The volumetric efficiency rate in graph 

comparison 

 

CONCLUSION 

Their characteristic is very minimal but affecting 

huge amount on the engine performance. Increasing 

the air velocity will produce a high value of mass 

and volume flow rate but instead of that we also 

need to ensure that the intake port can support the air 

flow movement. 
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INTRODUCTION  

The accelerating consumption of fossil fuel 

and the induced global warming put forward higher 

demand to the development of sustainable energy 

storage techniques. Energy storage is a critical 

component of the infrastructure for sustainable 

energy. Supercapacitors are one of the most vital 

developments in the field of energy storage and 

conversion with high power density, fast charge and 

discharge rate, and long service life. The 

performance of supercapacitors mainly depends on 

the electrode material and its structure. As 

electrodes, carbon materials have the following 

advantages: high specific surface area, tunable pore 

size and structure, high electric conductivity, strong 

mechanical property, and easy to get. However, 

high-quality carbon materials are hard to synthesize 

and too expensive for massive production. 

Therefore, it is crucial to explore high-efficient and 

environmental-friendly methods to prepare high 

performance carbon materials with sustainable and 

low-cost precursors.  

 

RESEARCH METHODOLOGY  

In this project, pretreated paddy straw with 

distilled water (H2O) or sodium chloride (NaCl) 

have been used. The carbonization temperature are 

being varied from 400OC to 800OC with constant 

heating rate (8OC/min) and continuous flow of 

nitrogen gas (2ml/min). The heating period also 

being varied between 3 hours and without any.  

There are three types of analysis being 

tested on the carbonized paddy straw, which are 

SEM images analysis, CHNS Test analysis and 

Mass Loss analysis.  

 

RESULTS AND DISCUSSION  

CHNS Test to discover the percentage of 

Carbon, Hydrogen, Nitrogen and Sulphur element in 

paddy straw. Based on the result shown in Fig. 1, it 

is proven that carbon are major mass percentage in 

paddy straw.  

 

 
Figure 1: CHNS Result (mass percentage) 

 

Next, mass loss are determined after 

carbonization of bed furnace process. The 

significant of this mass loss are to determine the 

impurities and other element are burned and left the 

samples with total carbon content left. The result 

shown in Fig. 2 shown an interesting data that, 

pretreatment of Sodium Chloride (NaCl) helped in 

discharge of impurities because high mass loss 

compared to others.  

 

 
Figure 2: Mass loss against Sample 

 

Lastly, are SEM images analysis to 

determine the key factor of energy storage such as 

pore distribution, pore size and specific surface area 

containing pore. 800oC carbonized paddy straw 

with NaCl pretreatment and heating period achieve 

the best condition for all key factor mentioned.  

 

 
Figure 3: Summary of SEM Images analysis 

 

CONCLUSION  

It is shown that the objective is achieved as the 

feasibility of paddy straw to conduct electricity and 

store energy in supercapacitor are determined. 

Paddy straw have the high potential being used as 

raw materials of supercapacitor electrode based on 

the result achieved.  
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INTRODUCTION 

Densification process can be defined as a 

compression process of pulverized biomass waste to 

produce a briquette biomass of uniform shape and 

sizes, while torrefaction is a thermal process to 

improve biomass characteristic by converting into a 

coal-like material. Due to abundant of biomass 

waste produced year-by-year, it will waste a 

shortage of places to store the waste. Therefore, a 

pretreatment needs to be done to improve the 

propertied of the biomass specifically palm kernel 

shell (PKS). Besides, previous study have conducted 

both process, however the torrefied briquettes at 

275°C and 300°C cannot be accepted due to the 

significant physical destruction [1]. 

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for the experiment. The raw PKS were ground 

into a small particle and size and sieved to get 

homogenous size of below 500µm size. The 

pulverized PKS were mixed with starch and water 

mixture as binding agent. The ratio of the binding 

agent was 20:80 while the ratio of the mixture PKS 

and binder was 60:40. Then, the mixture of PKS and 

binder were continuously compressed under 7MPa 

for 30 minutes. After leaving the briquettes for 10 

days under ambient temperature, torrefaction 

process continued. The briquette was place in the 

torrefaction reactor and the type-K thermocouple 

sensor is set between 1 cm to 2 cm from the 

briquette. The temperatures used in this study were 

225°C, 250°C, and 275°C and the residence time 

was 30 minutes. The nitrogen flow rate was set to 

1000 ml/min.  

 

RESULTS AND DISCUSSION 

Before undergoing torrefaction process, a 

preliminary test for raw pulverized PKS was done. 

During this test, calorific value and proximate 

analysis were determined. From the experiment, the 

calorific value obtained is 17.88 MJ/kg, which fulfil 

the minimum requirement stated by DIN51731 

(>17.5MJ/kg). For proximate analysis, the value for 

moisture content and ash content were 6.75% and 

4.36% respectively. As stated by the international 

standard, the required percentage for moisture 

content and ash content of solid bio-fuels were 

<10% (EN 14774-3) and <5% (ISO 18122) 

respectively. Therefore, the values obtained from 

the experiment meets the standard requirement. 

 In term of physical properties, the torrefied 

briquettes could maintain its shape and the color 

become darker with an increase in torrefaction 

temperature. The density for briquettes before  

 

undergoing torrefaction was higher than torrefied 

briquettes. After torrefaction, the density and mass 

yield increases while the compressive strength of the 

briquettes decrease with an increase in temperature. 

 In term of combustion properties, the 

calorific value for torrefied briquettes was higher 

than raw PKS. Based on figure 1, after torrefaction, 

the moisture content and volatile matter were lower 

than raw PKS while ash content and fixed carbon 

content were higher than raw PKS. Furthermore, 

when the torrefaction temperature was increased, 

the moisture content, ash content and fixed carbon 

content were increased while the volatile matter was 

decreased. In addition, all the values obtained were 

fulfil the minimum requirement as stated by 

international standard.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Proximate analysis 

 

CONCLUSION 

The combination of palm kernel shell and natural 

binder increase the compressive strength of 

densified PKS and the calorific value for torrefied 

briquette is increase with an increase in temperature. 

Hence, the densified PKS after undergoing 

torrefaction have potential to develop as a solid fuel 

due to competitive performance after comparing 

with international benchmark.  
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INTRODUCTION 

Over recent years, torrefaction had been 

used to enhance the physical and combustion 

properties of a solid biofuel. Torrefaction is a form 

of mild pyrolysis that heat up the solid biofuels in 

the range of 200 to 320℃ to increase its energy 

content [1]. The combination of densification and 

torrefaction can a solution to the energy demands in 

these days [2]. Besides temperature, gas feed flow 

rate is also important to make sure the samples are 

torrefied at the best operating condition. In this 

research, nitrogen flow rate was varied from 1000 

mL/min to and 3000 mL/min 

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for the system. We used Palm Kernel Shell as 

the raw material. Raw PKS is dried, pulverized, and 

mix with a mixture of water and starch with a ratio 

of 60:40. The mixture then compressed under 7MPa 

for 30 minutes. The briquettes were then being 

torrefied under 275℃ and the nitrogen flow rate was 

varied from 1000 mL/min to 3000 mL/min. 

 

RESULTS AND DISCUSSION 

After the torrefaction, physical properties 

and combustion properties of the PKS were 

analysed. Based on the physical properties, all 

briquettes became darker after torrefaction and the 

density were reduced. However, various nitrogen 

flow rate does not affect the density significantly. 

The briquettes were loss in weight due to the release 

of vapor-gas during torrefaction. At 1000 mL/min, 

the loss in weight was at the highest (14.814g). From 

the proximate analysis shown in figure 1, the 

moisture content after torrefaction was reduced 

especially at 1000 mL/min (from 6.21% to 4.28%). 

The moisture content decrease as the nitrogen flow 

rate decrease. Volatile matter does not have any 

correlation with the various nitrogen flow rate. 

However, the volatile matter reduced for all 

operating conditions after torrefaction. The fix 

carbon in the samples were increased dramatically 

as the lower nitrogen flow rate were used. 1000 

mL/min had the highest calorific value which was 

34.20%. The calorific value of the samples increased 

to maximum of 24% at 1000 mL/min when 

compared with raw PKS. The compression strength 

data showed that the various nitrogen flow rate do 

not effect its durability. However, overall the 

compressive strength of densified PKS increased 

after torrefaction. The properties of torrefaction of 

densified PKS had been compared with international 

standard. Compared with DIN 51731, all samples 

fulfil all the requirements except for the ash content 

where the minimum is 0.7%. All samples have 

relatively high of ash content when compared to the 

IS0 18122. This is because of mineral components 

that do not change whereas the mass yield reduces 

causing the ash content percentage to increase.  

 

 
Figure 20 : Proximate analysis 

 

CONCLUSION 

We have shown that overall torrefaction can 

enhances the physical and combustion properties of 

palm kernel shell. However, the various nitrogen 

flow rate do not significantly changes it 

characteristics and can be assume negligible. 
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INTRODUCTION 

Driving cycle is a series of data collection 

to produce a graph of speed against time which 

developed by collecting a result from test driving 

where additional instructions and conditions may be 

applied [1]. Driving cycle can leads to analysis of 

vehicle performance which are vehicle fuel 

consumption and pollutant emissions. Generally, 

driving cycle is different at each region because the 

road categories, time conditions, driving 

characteristics, type of vehicle and speed phases [2]. 

There are two part of driving cycle which are 

legislative cycle and non-legislative cycle. Non-

legislative cycle mostly used in research while 

legislative cycle is the approval test for vehicle 

emission certification.  

 

OBJECTIVE 

 The purposes of this project are to develop 

a MATLAB code for data analysis of on-road 

vehicle speed data collection, to construct Johor 

Driving Cycle using developed MATLAB code and 

to compare vehicle fuel consumption performance at 

different driving cycle. In addition, the construction 

of JDC is the continuity of Malaysia Driving Cycle 

to support government initiatives that have been 

conducted by collaboration of MARii and Proton on 

fuel economy development. 

 

EXPERIMENTAL SETUP 

The data used for this construction of JDC 

is taken from monthly progress report for Malaysia 

Driving Cycle. Data analysis is based on WLTC 

methodology which involves smoothing, re-

sampling and segregation. It is performed by using 

a suitable code that running the data in MATLAB 

software. A code is produced into a semi-automatic 

data analysis that consist of coding for filtering, re-

sampling and thinning as the procedure to generate 

test cycle. Chisquare analysis is performed using 

Excel to find the least chi-square for the 

combination of MT. Micro-trip is a vehicle speed 

that begins and ends with zero speed [3]. 

Combination of MT must within their speed phases 

duration which is 492 s for each group and MT 

below 10 s are eliminated. Small chi-square means 

that the observed data is fit well with expected data. 

For construction of JDC, the analysis is compared 

up to 10 combination of MT for low, medium and 

high because time limitation. GT-Suite is used to 

determine vehicle fuel consumption and then it is 

compared at different driving cycle which is NEDC, 

WLTC and JDC-V1. 

 

 

 

RESULTS AND DISCUSSION 

 Coding that have been produced for 

construction of JDC is semi-automatic coding which 

means that the coding only runs data process for 

each file at one time but data smoothing and re-

sampling can be done both. MATLAB code includes 

process of data smoothing, data resampling, data 

segregation and elimination of data. A final JDC is 

successfully being develop from MATLAB code 

and chi-square analysis using Excel as shown in 

Figure 1. 

 
Figure 1: Speed Profile of final JDC-V1 

 

 
Figure 2: Comparison of average fuel consumption 

 
Figure 2 shows that each driving cycle will produce 

different fuel consumption depending on many 

factors such as driving behavior, topography, road 

categories and time conditions. Therefore, it is 

important for each country to have their own driving 

cycle that will represent their own standard driving 

behaviour which is more effective and accurate. 
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INTRODUCTION 

 Simplistically, an UROV is a camera 

mounted in a waterproof enclosure, with thrusters 

for manoeuvring, attached to a cable to the surface 

over which a video signal is transmitted [1]. Due to 

the chemical content, pressure of water, and oxygen 

level at underwater, the UROV help to overcome 

these human limitations that can bring danger to the 

divers. Sometimes, the UROV are also equipped 

with water sampler device and manipulator arm in 

order to perform biological and engineering works. 

Throughout the years many divers, including 

Canadian Forces (CF) divers, have gotten sick as a 

result of exposure to contaminated water [2]. In 

order to detect and avoid pollutant of water, the 

attached water sampling device act as a searching 

tool which identify as a biological sampling.  

 

METHODOLOGY 

This section presents the process method in 

the project. This project is involving design and 

control of system. Some ideas are sketch based on 

the requirements and being evaluated using 

quantitative selection matrices method. The selected 

design is analysed by using SolidWorks in term of 

structural and flow analysis. Next, fabrication 

process is done and the Arduino UNO is used to 

control the water sampler which is coded using 

Arduino software. The water sampler is integrated 

to the UROV and then the ability and functionality 

of the water sampler device is tested at 5m depth at 

underwater in a swimming pool. 

 

RESULTS AND DISCUSSION 

At the end of fabrication and installation 

process, the water sampler device is given several 

tasks to test its ability and functionality. The device 

consists of a water pump, a valve controlled by servo 

motor and two separate water sample bottles. From 

the structural analysis on the copolymer water 

bottle, the bottle can withstand underwater pressure 

up to 40m depth which the von Mises stress is 

10360kPa which is lower than the material yield 

strength which is 27600 kPa. The completed device 

is tested for its capability to take water sample. The 

real mass flow rate of the water pump is 0.0087 kg/s 

as obtained from first testing. From the second 

testing, the average time taken to fill up 200ml of 

bottle is 30.29s. Figure 1 shows the water sampling 

device is tested in a basin and Table 1 shows the 

result from the testing. At within 5m depth, the water 

pump is able to take water sample. However, some 

leakage occurred due to the different pressure at 

underwater. 

 

 

 
Figure 1: The water sampler being tested in a basin at 

vertical position 

 

 

Table 1: The Time Taken to Fill up 200ml bottle 

 

 

Observation 

Duration (sec) Total 

Duration 

(sec) 
Sample 

1 

Sample 

2 

1 31.23 31.62 62.85 

2 30.47 29.13 59.60 

3 29.13 22.49 51.62 

4 33.99 34.20 68.19 

Average 31.21 29.36 60.57 

For 

200ml:  

30.29 
 

 
CONCLUSION 

 In conclusion, the water sampler device is 

able to operate at underwater to take water samples 

and the structure will not fail within 20m. The 

device is able to design and build to be integrated to 

the UROV for underwater application. 
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INTRODUCTION 

 According to Mc Kinsey,2009 said that 

there is a report estimating that global water 

production will increase from 4500 billion m3/ year 

to this day 6900 m3/ year by 2030 [1]. Nozzle have 

been used in many applications due to control the 

size of distribution of droplets, increased 

possibilities for energy and wide spread in size and 

form [2]. The operation of development is based on 

existing aerator in market where it requires nozzle 

such design transform into aerator water saving. 

Water discharge present a consistent with the solid-

cone nature of the spray with the large droplets [3]. 

This report describes the development of the spray 

aerator, the water saving design.  

 

EXPERIMENTAL SETUP 

 There are three stages starting with first 

development, improvement the product and final 

product. By comparison of water discharge, usage 

percentage and reduction percentage we plot the 

graph. accordance the recommended chart: bar chart 

and line chart. For development from stage 1, will 

be used to get the reference reading.  

The stage 3 that will be used as final 

product for this development This study analyzed 

using simulation that relative to pressure and 

velocity. There are numbers of consumer in order to 

test the water flow, perform ablution and data 

collection using questionnaire. For questionnaire 

purpose which is to receive the measuring 

satisfaction data from consumer. 

 

RESULTS AND DISCUSSION 

Figure 1 shows the performance on usage 

and reduction percentage where it from stage 3 and 

this is final product that serves as the devices for 

water spray saving aerator while Figure 2 shows line 

graph of water discharge of the performance 

aforementioned above. Generally, even though 

these aerators had same size but different in value, 

yet get better result to show.  

 

 
Figure 1: The bar chart of comparison of the 

performance result with different 3 mm hole size. 

 

 

 
Figure 2: The differences of water discharge 

 

 

CONCLUSION 

In conclusion, an aerator does help improving and 

provides optimal water flow, and could reduce water 

consumption. Based on experimental findings, it can 

be said that the best design adjustment and 

configuration on the scope given for aerator to be 

most efficient is at 3mm hole of aerator with set of 

1-2 bars 
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INTRODUCTION 

Hospitals in Malaysia have started to 

utilize the benefits of a high technology advanced 

bed. These hospital beds often imported from the 

technological nations including United States and 

the Japan for an expensive prices. This will increase 

in bed cost and then will affect the hospital fee for 

quality healthcare. This research analyse the 

existing models of hospital beds that have in 

Malaysian hospital and to reduce the cost and 

improve the functional mechanism for ergonomic 

purpose. We will also survey an old folk homes 

manager in Malaysia to determine additional 

features that could be useful in a modern hospital 

bed and then begin the design process. The objective 

of this research is to study the suitable mechanism 

of hospital bed for paralyzed elderly and to design 

an ergonomic hospital bed for paralyzed elderly.  

 

METHODOLOGY 

In order to get the quality design some site 

visit has been conduct before starting the assistive 

bed design. The location of the site visit is at Nur 

Ehsan Homes in Johor Baharu. All interview, 

observation and data collection have been done by 

the site visit. After data was collected, all the data is 

present in table and chart. This will make more 

easily to read the data. All the table and chart was 

separate by types of elderly and aged. In order to 

brain storm the objective of this design, the cause 

and effect diagram was illustrate in order to generate 

more ideas. Other than that, quality function 

deployment also has been conduct in order to find 

out the needed of the caregiver and identify the 

existing products.   

Result from the brainstorm has come out of 

product design specification. Basically the product 

design specification has three criteria which are 

performance, maintenance and ergonomics. Some 

of the emphasis from the performance is the ability 

of the bed can assistive the caregiver in handle 

paralyzed elderly. For ergonomics, the 

consideration is the comfortable for both paralyzed 

elderly and caregivers while using the assistive bed. 

 

RESULTS AND DISCUSSION 

17. From Figure 1 show the design 

with the human model beside bed in isometric 

view. The height of the human model is suitable 

with the height of the bed and can easily for the 

elderly to use the bed. The length and the width of 

the bed are huge and ergonomic for the elderly 

while in the bed. 

 

 

 

 

 
 

Figure 1: Ergonomics View 

 

CONCLUSION 

Through the completion of this design 

project we have conclude that there is a way to 

improve the hospital bed for the paralyzed elderly. 

However in designing the mechanism of the 

features, we also need to consider the comfortable 

for caregiver too. Other than that this beds is 

hopefully can comfort for both caregivers and 

elderly in daily life. 
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INTRODUCTION 

The case study is done at Bucher Emhart 

Glass Sdn Bhd. This company is located at Ulu 

Tiram, Johor. The main activity of this company is 

assembly and supplying forming machine which 

produce glass bottles or jars to the manufacturing 

company throughout the world. They are 

manufacturing Individual Section (IS), Advanced 

Individual Section (AIS) and AAP forming 

machine. Most of the parts which will be assemble 

are made by their suppliers. The incoming parts will 

undergo inspection by sampling. The quality 

inspectors are responsible to inspect the parts within 

4 days. In order to improve the quality of the 

movement parts from store to production line. They 

have categorised the parts into two label which are 

regular parts and ship to stock parts. The main focus 

of this case study is ship to stock parts. Element of 

Quality Functional Deployment (QFD) fourth phase 

is use because it can control the product 

characteristics and the associated process variables 

to ensure capability and stability of the product over 

time [1]. 

 

EXPERIMENTAL SETUP 

Data gathered are using observation and 

discussion. Basically, the data collection was the 

monthly report composition of deviations in Bucher 

Emhart Glass, number of deviations by every 

supplier for regular and Ship to store (STS) parts, 

number of deviations for every supplier and amount 

of cases by every supplier. 

 

RESULTS AND DISCUSSION 

This project is completed by using DMAIC 

analysis which are define, measure, analyse, 

improve and control. Firstly, the problem 

identification is being identified through the define 

phase. In the define phase, the problem statement of 

the project is higher composition percentage of 

deviations reports from internal (66%) which 

production floor for ship to store (STS) parts 

compared with regular parts. Therefore, the project 

will be focus on the ship to store (STS) parts. Then, 

the SIPOC diagram is used to identify all relevant 

elements of a process improvement project before 

work begins [2]. It also helps define a complex 

project that may not be well scoped, and is typically 

employed at the measure phase of the Six Sigma. 

Next, the analyse phase which by using graphical 

analysis. There some breakdown of data had been 

done. Based on the analysis, it shows 3 critical 

suppliers are Gain Mirage, Gah Hong and CFM 

shows the highest deviation for both parts which is  

 

 

regular and ship to store (STS) parts. The 

consideration of more on ship to store (STS) parts.     

Next, the improvement plan has divided 

into two parties which are Bucher Emhart Glass and 

three critical suppliers. In the improvement phase, 

the action plan had been developed by using 

theoretical of Quality Functional Deployments 

(QFD) fourth phase. The action plan develops by 

Bucher Emhart Glass and suppliers. Next, the 

control phase. This is the part where the monitoring 

data will be shown after the improvement had been 

done. The data will be comparing from the first 

phase which are on October 2018 until December 

2018 and second phase which are January 2019 until 

March 2019. The data will be comparing the 

performance of the supplier on first phase of 2018 

and second phase of 2019. The theoretical believe 

when the performance of the supplier improves thus 

the quality of the part will be improved. 

 

 
Figure 1 : Percentage of internal deviations for STS parts 

found on production floor 

 
CONCLUSION 

The objectives of the project achieve the 

reduction percentage of 40% deviations found on the 

production floor on first and second phase of the 

project. 
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INTRODUCTION 

In this fast-paced world, the competition 

between manufacturing firms has been ever growing 

more intense and vigorous. Nowadays, most firms 

optimise their processes to obtain better efficiency 

in production and improvement in quality. Quality 

improvement can be achieved through a systematic 

approach called design of experiment. DOE is a 

powerful data collection and analysis tool that can 

be used in a variety of experimental situations. It 

allows for multiple input factors to be manipulated, 

determining their effect on a desired output 

(response). By manipulating multiple inputs at the 

same time, DOE can identify important interactions 

that may be missed when experimenting with one 

factor at a time. All possible combinations can be 

investigated by using full factorial design. 

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for DOE. Cause & effect analysis is conducted 

to identify the root cause of yield loss in low 

frequency (LF) cards. The lamination process of LF 

cards is studied and analysed. The design used for 

the experiment is 23 full factorial design. 3 

parameters are tested at 2 levels. After identifying 

the factors and design, the response of the 

experiment count of cards without flakes is chosen. 

Heating temperature, heating pressure and heating 

time are the main factors in this study. 

 

RESULTS AND DISCUSSION 

Analysis of variance is carried out and the 

significance of the main factors are identified. None 

of the factors have significant effect on the response, 

count of cards without flakes. However, there is still 

effect from the main factors on the response but 

insufficiently significant. The highest effect from 

the main factors is heating temperature. 

The main effects and two-way interaction 

effect of the factors are analysed and plotted in 

graph. From the plot, the optimum setting that result 

in highest yield is identified. The heating 

temperature is 175°C, heating pressure is 230N/cm2 

and heating time is 10 mins at optimum setting. A 

validation run is carried out to confirm the accuracy 

and validity of the setting and is found out that the 

setting is optimal with deviation in comparison of 

only 2.92%. 

 

 

 

 

 

 

 

 

 
Figure 1: Main Effects Plot for Cards Without 

Flakes 

 

 
Figure 2: Interaction Plot for Cards Without Flakes 

 

CONCLUSION 

The yield of low frequency card is successfully 

improved with the suggest optimum setting. 

However, the main factors chosen is has no 

significant effect on the response variable. Future 

study is required to identify the significant factors 

affecting the yield. 
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INTRODUCTION 

 Ergonomic assessment is a guideline for 

manual handling. It also referred to as workstation 

assessments, ensure that a worker's workstation is 

ergonomically designed to minimise the risk of 

injury and maximize productivity. This study took a 

tile manufacturing company as a case study. This 

company is located at Renggit, Johor. There are 4 

stations for this company. This study focuses on the 

departments have more red colour of risk in 

HIRARC analysis that to be selected and to be 

suggested for control measure. The improvement is 

based on conceptual design assisted with functional 

model without real implementation.[1, 2]. 

 

METHODOLOGY  

 Went the case study company is selected 

and approve, the background of company such as the 

total of station and activities each station, 

organization chat will identified. After that 

HIRARC analysis every station will conducted and 

the station that have critical activities more red 

colour of risk will selected as the improvement 

station. The company advise also will consider. The 

selected critical activities in the selection station will 

do the ergonomic analysis that is REBA analysis. 

After that the control design is proposed. . Design 

engineering is preferred to overcome the 

ergonomics problem. SolidWork will be used for 

engineering analysis and interview will be done to 

Safety and Health Officer (SHO) in the company.   

 

RESULTS AND DISCUSSION 

The problem scope of work at this case 

study is to use manually energy. The worker needs 

to need to lifting the back of cassava by manually 

and also the peeling process will doing by manually. 

For the weighted process the worker need to use 

high required energy to lift up the basket to weight 

scale. 

 Improvement is done by create the 

semiauto system that combine all the activities in 

station A in a single system. For the problem one the 

loading bay will design to make the worker easy to 

unloading the bag of cassava from the lorry. The 

worker doesn’t need to use more energy in loading 

bay. After that for the peeling process the 

improvement will design the peeling machine. The 

worker just stays on that platform to throw away the 

cassava inside the peeling machine. The mechanism 

for peel this design is use of the rotation of roller 

with gross brush.  The cassava will fill in the 

machine is generated by using electric motor. The 

motor will drive the roller using suitable power and 

rotation per minutes.  

 

 

 The brush that wrapping the roller will 

remove the skin of cassava. The water will rain 

down in the machine is function to drop and clean 

the cassava skin in the machine. After the cassava 

finish for peel, the cassava with out with the door 

located beside the machine and it will fall down into 

the basket that located already on weight scale. This 

mean for the weighted process the worker did not 

need manually put up the basket of cassava because 

the backed is already on the weighted scale and 

ready to transfer to next station. 

 

 
Figure 1: Isometric of Detail Full Design Using 

Solidwork.. 

 

CONCLUSION 

The ergonomics hazards have been identified is 

station A of production in Azharfood 

manufacturing. This hazard is determined by using 

the HIRARC analysis and the problem will also 

analysis by REBA analysis ergonomic tool. A new 

system of station A  have been proposed that is 

platform for unloading the cassava, peeling machine 

for peeling process and rearrange the location of the 

weight scale beside the machine. SolidWork 

software was used to validate the engineering 

design. The new design has successfully reduced the 

ergonomics issues of unloading and lifting the 

cassava is 62.5%, for the peeling process reduce 

62.22% and weighted process reduce about 57.14%. 
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INTRODUCTION 

Down Syndrome is one of the most 

common chromosomal disorders affected among 

babies. Statistically, the average rate of having 

Down syndrome children is around 1 in every 700 

babies pregnancies [1]. As in Malaysia, there is no 

recent research about statistic of Down Syndrome 

baby born, however there is previous research state 

that one in 950 have been reported among the three 

largest ethnic groups which are Malay by 1:981, 

Chinese by 1:940 and Indians by 1:860 [2]. 

Moreover, people that have Down Syndrome 

typically associated with physical growth delays, 

characteristic facial features and also developmental 

delays that causes disabilities. Writing skills is one 

of the learning disabilities faced among Down 

Syndrome children. 

 

EXPERIMENTAL SETUP 

Several examples of handwriting and hand 

grasp of Down Syndrome children were taken. 

Then, implementation of Quality Function 

Deployment was done based on the interview then 

next continues with the Product Design 

Specifications. Morphology Chart was used to lists 

all the options available for every sub-functions that 

were required for designing a writing aid tool for 

Down Syndrome children. Next, evaluation process 

on three designs with one of the existing products 

was done in evaluation matrix that results in 

choosing Sketching B as the final design. Hand 

abnormalities and 8 children with Down Syndrome 

hand anthropometric measurements become 

guidance in determine the dimensions of the final 

design. Lastly, manufacturing process of the final 

design was take place in the manufacturing 

laboratory.  

 

RESULTS AND DISCUSSION 

Based on the anthropometric data results in 

Table 1, the dimensions of the final design was 

determined. First of all, the typical outer diameter 

and length of a pencil is 6 mm and 190 mm 

respectively. Then, the design of triangular pencil 

holder as a triangular pencil shaped is better and 

suitable as the pencil grip of Down Syndrome 

children. Therefore, the inner hole in the triangular 

pencil holder was made in 8 mm diameter so that 

any wooden pencil can be used. Next, the size of the 

triangular pencil holder was made based on the 

average diameter and length of the fingers and also 

the typical size of pencil. For the design of the tool 

supporter, the hole was made based on the mean of 

the middle finger. Then, the height of the front side 

of tool supporter was based on the ring finger mean  

 

and width of the pencil holder based on the thumb 

thickness and index finger breadth. The thumb and 

index finger will positioned at the pencil holder in 

order to hold it by using tripod grasp. The little 

finger positioned below the tool supporter as there is 

issues in hand abnormalities where there are some 

that faced with the curvature at the little finger 

towards the index finger. Materials used for pencil 

holder and tool supporter are 

Polytetrafluoroethylene or Teflon while wrist 

supporter used memory foam fitted braces with mild 

steel inside it in order to provide support to the wrist 

of Down Syndrome children.  

 

Table 3: Anthropometric Measurement Results 

 
 

CONCLUSION 

Overall, the writing aid tool able to help 

and improve only some of the children with Down 

Syndrome as some of them still not familiar and 

uncomfortable to use it. Besides, the writing aid tool 

still has the advantages and disadvantages that need 

to be improved. Therefore, the recommended 

improvements are: 

i. The design can be improve by try to 
implement new technology so it can be 
function automatically. 

ii. The materials can also be improved by used 
different materials.  

iii. Divide into several group according to range 
of ages and collect more data about the 
measurement and size of the hand of Down 
Syndrome children so there will be various 
measurement. 
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INTRODUCTION 

Lithium-ion batteries are commonly used 

as the power components of portable electronic 

devices. In Tesla’s Battery pack technology, 

cylindrical lithium-ion cells are inserted into a 

battery module before being inserted into the 

battery pack. The electrochemical reactions inside 

the individual cells can develop various heat 

generation inside the battery pack that would 

cause thermal runaway when heat generated is too 

high, and it could not be cooled down even with 

cooler. The simulating method is needed to 

analysing each of the batteries using the thermal 

network and by calculating each of the cells by 

Matlab. 

 

EXPERIMENTAL SETUP 

 
Figure 1: Nodes for Staggered Cells 

 

 
Figure 2: Thermal Network based on Figure 1 

 

According to Noboru Sato [1], the heat 

generation of battery is made up from 3 

components, reaction heat value Qr, polarization 

heat value Qp, and Joule heat value QJ as the total 

generated heat, Qt. For coupling the model, 

temperature dependent physicochemical 

properties, ionic conductivity of an electrolyte 

(k) are needed and dependence can be generally 

described by Arrhenius Equation. Then the heat 

generation model can be done by having the 

two as the heat generation equation, q.  
𝑄𝑡 = 𝑄𝑟 + 𝑄𝑝 + 𝑄𝐽 

𝑘𝑒 = 𝑘𝑟𝑒𝑓 ∙ 𝑒

[
−𝐸

𝑅(
1
𝑇
−

1
𝑇𝑟𝑒𝑓

)
]

 

𝑞 =  𝑄𝑡 ∙ 𝑘 
From this cooling system arrangement, 

we need to take a small part of it as the 

arrangement is similar throughout the module. 

The thermal nodes considering 3 cells of it and the 

thermal network for each of the nodes as shown 

in Figure 1 and Figure 2. 

 

RESULTS AND DISCUSSION 

The temperature rapidly increases due to 

the high heat generation. Then the temperature 

slowly increases almost in a constant temperature 

due to low heat generation and heat transfer to the 

liquid coolant. After a while, the temperature 

suddenly started to increase rapidly again. 

Figure 3 also shows that cell C has a 

higher temperature than cell B and cell B has a 

higher temperature than cell A, due to the liquid 

coolant as temperature of the coolant increases as 

it passed through the cell by cell region. 

 

 
Figure 3: Graph of Cell Temperature against Time 

 

CONCLUSION 

As conclusion, the thermal analysis of lithium-ion 

cells in a battery module was successfully 

modelled. The temperature trend of the battery 

cells comparatively similar to the trend of the 

experimental result conducted by Yuqi Huang [2]. 

Designing the thermal network which thermally 

represents the thermal condition in the battery 

module has achieved and the thermal condition 

inside the battery module can be predicted. 
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INTRODUCTION 

Thermoelectric cooling works by the direct 

conversion from electrical energy into heat energy. 

However, the efficiency of thermoelectric system is 

very low. One of the methods to increase its 

efficiency is by improving the cooling mechanism at 

the hot side surface of the TEM [1]. Hence, the main 

concern of this project is to investigate the effect of 

different cooling mechanisms on the energy 

consumption of the TEM. 

 

EXPERIMENTAL SETUP 

Two types of hot side cooling mechanisms 

are tested which are heat pipe cooling and fan-

enhanced heat pipe cooling. In the effort to study the 

energy consumption of the TEM, 5 power inputs are 

supplied to the module (TEC1-12703) which are 

0.6, 4.3, 11.2, 21.2, 34.0 Watts respectively. 

The experimental setup consists of an 

insulated compartment, cold side heat sink, TEM, 

and hot side heat sink. A temperature data logger is 

used in conjunction with K-type thermocouples to 

measure the temperature at six different locations. 

In order to compare the effectiveness of 

both cooling mechanisms, five comparison are 

made, which are temperature at hot and cold side 

surfaces of the module, temperature of air inside the 

compartment, the amount of heat absorbed and the 

coefficient of performance (COP). 

 

RESULTS AND DISCUSSION 

Due to the thermoelectric cooling ability, a 

heat flux is induced from the air inside the 

compartment down towards the module, which will 

effectively transfer the heat energy away from the 

air, or form another perspective, heat energy is 

absorbed by the TEM. The amount of heat energy 

absorbed is influenced by the temperature at the cold 

side surface of the TEM, which is directly affected 

by the effectiveness of the cooling mechanism at the 

hot side surface of the TEM. 

The graph in Figure 1 shows that across all 

power inputs, the cold side surface of the TEM with 

fan-enhanced heat pipe cooling is able to absorb 

more heat energy form the air inside the 

compartment as compared with regular heat pipe 

cooling. This information indicates that with fan-

enhanced heat pipe cooling, the energy consumed is 

more efficient in the sense that it is converted to 

obtain a much higher heat absorption, whereas for 

regular heat pipe cooling, a bigger part of the energy 

consumed by the module is converted into waste 

heat at the hot side surface of the module due to its 

inability to dissipate heat fast enough via the cooling 

mechanism. 

  

 

  

Figure 2 shows the variation of COP across the 

spectrum of input power. One interesting 

observation is that at low input power, the COP for 

regular heat pipe cooling is higher than fan-

enhanced heat pipe cooling, but as the power input 

increases, the opposite happens. 

 

 

 

 
Figure 1: Graph of amount of heat absorbed against input 

power 

 

 

 
Figure 2: Graph of COP against input power 

 

CONCLUSION 

 It is found that fan-enhanced heat pipe 

cooling has better COP at higher input power (11.2, 

21.2, and 34.0 Watts), whereas at lower input power 

(0.6 and 4.3 Watts), heat pipe cooling has higher 

COP. The crossover point for the COP value is 

determined to be at around 9 Watts. 
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INTRODUCTION 

Nowadays, our earth has been subjected 

through several alarms of global warming alerts. 

One of the reason of these occurrence is the heat 

released from the industry is kept unchecked 

based on Miro at el [1]. Several past studies have 

been conducted to harness the industrial excess 

heat by converting the heat energy into electrical 

energy, by using a thermoelectric generator 

(TEG). But, the technology of TEG is not widely 

used in the industry due to the low efficiency of 

power generated said. Therefore, this study is 

conducted in order to investigate the performance 

of a thermoelectric module (TEM) in producing 

electrical energy when subjected to several 

temperature differences of its two surfaces. 

 

EXPERIMENTAL SETUP 

Two different type of TEM, or 

commonly known as Peltier element, TEC1-

12710 and TEC1-12706, are used in the 

experiment which one of them is used to 

generated the electrical power, from temperature 

difference and the other one is used as the heating 

element of the generating TEM, when supplied 

with electrical current 

The two TEM is attached with each 

other, at both the hot side’s surface and an 

aluminium sheet is placed in between as a method 

to measure the current. Each contacted surfaces is 

glued with thermal paste to ensure total 

conduction of heat occurs. All of the involved 

surfaces are attached with thermocouples in order 

to record and observe the change in temperature 

as it will affect the value of the generated 

electrical power. 

The experiment is conducted with the 

increasing of supplied current value, 0.5, 1.0, 1.5, 

2.0, 2.5, and 3.0A, into the heating element TEM. 

Then, the role of the two TEM, TEC1-12710 and 

TEC1-12706, are switched with one another. The 

experiment is then repeated with the same range 

of current supplied. 

 

RESULTS AND DISCUSSION 

After all of the experiments regarding to 

the TEG performance have been conducted, the 

data obtained from the experiments are tabulated 

and recorded.. Thus, in order to investigate the 

performance of the TEM in producing electrical 

power, a graph of generated power against the 

temperature difference of the two surfaces of the 

generating TEM as shown in Figure 1. 

 

Figure 1 shows the two trend lines of the 

performance of each TEM in generating power 

from its surfaces’ temperature difference. Both of 

the modules show a polynomial trend which is; as 

the temperature difference increase, the amount of 

power generated increased too. In comparison of 

the two modules, the performance can be 

differentiate by using a certain value of 

temperature difference and correspond generated 

power could be found. In this case, at the 35°C 

temperature difference, the TEC1-12710 

generates up to 1.4334W of power while TEC1-

12706 generates only 0.1253W. It shows that the 

TEC1-12710 perform better in term of generating 

power compared to TEC1-12706. 

 

 
Figure 1: Graph of Generated Power against 

Temperature Difference 

 

CONCLUSION 

In conclusion, the performance of the 

thermoelectric generator highly depends on its 

maximum current value it can handle. The higher 

the maximum current a Peltier module can 

manage, the better the performance of the Peltier 

module in generating electrical power. 
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INTRODUCTION 

The use of vegetable oils as alternative for 

lubricants in automotive applications has been 

introduced as they have the potential to replace 

mineral and synthetic oils due to their beneficial 

characteristics of non-toxic and biodegradable. 

However, there are some drawbacks in the use of 

vegetable oils as lubricants as they exhibit oxidation 

instability, poor low-temperature attributes, poor 

response to additives, and sensitivity to tribological 

properties of lubricant mechanism. In this research, 

palm kernel oil (PKO) was used as a bio-lubricant 

by blending it with different weight percentage of 

Zinc Dialkyldithiophosphate (ZDDP) and 

Molybdenum dithiocarbamate (MoDTC) as 

additives. This project is conducted to investigate 

the performance of the blended PKO with additives 

and the effect of the additives on the PKO when it is 

blended with different percentage of ZDDP 

(0.1%wt, 0.5%wt) and MoDTC (0.1%wt, 0.5%wt). 

 

METHODOLOGY 

The main machine used in this experiment 

was the four-ball tribotester machine. Two main 

characteristics were tested using this machine are the 

friction and wear properties of each of the lubricant 

samples. The experiment conducted was according 

to ASTM D4172. Seven samples of blended 

lubricants were prepared and and tested with the 

four ball tribotest machine with heavy duty shock oil 

and pure PKO as benchmark oils. The four ball 

tribotest was conducted each for 60 minutes under 

the load of 40kg and speed of 1200rpm.  

While for wear scar diameter (WSD) and worn 

surface characteristics observation, the sample of 

ball bearings tested under the four ball machine was 

placed under the high power microscope. The worn 

surface characteristics was observed under lens 

of 10X of the high power microscope. 

 
RESULTS AND DISCUSSION 

From Figure 1, we can observe that the 

sample of PKO+0.5%wt ZDDP (in yellow) gives the 

lowest reading of frictional torque, which is the most 

desired. Figure 2 displays the average COF for each 

samples lubricant tested. 

 

 
Figure 1: Frictional Torque of sample lubricants against time 

at 392 N 

 
Figure 2: Average COF for each sample lubricants 
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INTRODUCTION 

Lessening of Earth resources is alarming 

nowadays. Apart from that, all the price is getting 

higher as a result of this. Vegetable oils are 

favorable as an alternative because of its availability 

and safe for the environment. Besides, vegetable oils 

such as PFAD provide better tribological 

performance. This study is about PFAD as an 

alternative for engine oil with analysis done on 

piston ring-cylinder liner mechanism by evaluating 

the friction and wear performance with addition of 

additives. 

 

PROJECT OBJECTIVES 

This project is conducted to investigate the 

performance of   PFAD with additives and the effect 

of the additives on the PFAD when it is mixed with 

different percentage of additives which are 0.5% 

(wt) MoDTC, 0.1% (wt) ZDDP and combination of 

both. 

 

METHODOLOGY 

The main machine used in this experiment 

was the pin on disc tribo-tester machine. 

Tribological analysis been made through this 

machine with evaluation of coefficient of friction, 

wear and fluid film thickness. The experiment 

conducted was according to ASTM G99. Four 

samples oils were tested with repetition of three 

times for each test. Pure PFAD and engine oil (SN 

0W-20) also used in testing for comparison. 

Segmented Proton piston compression ring and a 

cast iron disc simulate the piston ring-cylinder liner 

mechanism. 

To obtain wear scar diameter (WSD) and 

worn surface characteristics, the sample of 

segmented piston ring was placed under the low 

power microscope. For surface roughness data, the 

surface roughness tester was used. 

 

RESULTS AND DISCUSSION 

Figure 1 shows the coefficient of friction 

obtained from different type of lubricants. The 

additional of additives shows a significant decreases 

in coefficient of friction especially with 0.5% of 

MoDTC lubricant. 0.5% of MoDTC and 0.1% 

ZZDDP shows a rise in coefficient of friction. This 

is because of the chemical reaction occur between 

the two additives. 

 

 

 

 

 

 

 

 

Figure 1: Coefficient of Friction against Type of 

Lubricants. 

 

 

 

 
Figure 2: Wear against Sample Lubricant 

 

Figure 2 shows the analysis of wear. PFAD 

with mixture of two additive provide better 

performance compared to all lubricants. MoDTC 

acts as friction modifier and ZDDP provide a tribo-

film to reduce wear. 
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INTRODUCTION  

Palm kernel oil is an edible plant oil 

derived from the kernel of the oil palm and saturated 

oil same with palm oil. Palm Kernel Oil as adaptive 

on shock absorber   and was blend with in term of 

weight such as 5%, 10%, 15% and 20%. In this 

project, the comparison of friction and wear of those 

lubricant were investigated and find the effect of 

Palm Kernel weight on the shock absorber oil on 

tribology performances [1]. 

 

RESEARCH OBJECTIVES 

The aim of this project is to find friction 

performance of 5%, 10%, 15% and 20% of Palm 

Kernel Oil blend with Shock Absorber Oil and 

analyse wear surface of those lubricant sample 

 

METHODOLOGIES 

Four ball machines been used for friction 

performance analysis of each lubricant that has been 

prepared which is 5%, 10%, 15% and 20% of PKO 

blend with shock absorber oil in term of weight. The 

condition of this experiment is followed this 

machine standard condition that is ASTM D4172 

(Table 1) for each lubricant sample.  

 
Table 1: Condition for ASTM D4172 

 

Parameter Value 

Temperature (˚C) 75 

Load (N) 392 

Speed (rpm) 1200 

Duration (min) 60 

  

RESULT AND DISCUSSION 

The value for friction torque is increasing 

with time for each lubricant until it reaches it limit 

value of friction torque. The 5% PKO lubricant gave 

the highest value of friction torque which is 0.168 

Nm while 20% PKO has the lowest value of friction 

torque, 0.1199 Nm by using friction formula 

(F=µN). Where: µ=friction coefficient and N= 

normal load. 

 

 

 

 

 

 

 

 

 

 

 

 

      
Figure 1: Friction value for each lubricant sample 

 

For the wear surface analysis by using 

microscope, the 20% PKO gave the lowest amount 

of wear scar on the surface contact and 5% PKO has 

the highest amount of wear scar. This due to it 

friction where the highest value of friction the 

amount of wear scar that been produced also 

increase.  

 

CONCLUSION 

Through this study, the amount of Palm 

Kernel Oil on the shock absorber oil is affect the 

friction performance as a lubricant in term of friction 

and wear. The 20% of PKO blend with shock oil has 

the better tribology performances. 
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INTRODUCTION 

 Non-destructive testing is the technique 

used to examine the flaws occurred on a material 

without destroying the material and will be used 

again. Composites that has been using as an outer 

part of a structure have being under stress for a 

period of time. The composites continue will its 

service as long as its physical characteristic is in a 

good shape. However, the internal damage is 

unknown, and it might shorten the life span of the 

composites. Therefore, Acoustic Emission (AE) 

technique is used to detect, identify and classified all 

the internal damage occurred during the load is 

applied [1]. 

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for sample preparing, quasi-static indentation 

and AE monitoring. Chopped strand mat glass fibre 

and epoxy is chosen to fabricate via vacuum 

infusion method to create the sample (110x100x4). 

Quasi-static indentation testing is 

conducted referring a standard, ASTM D6264. The 

indenter size is 12.7 mm is used to indent the sample 

with three different loading rate (1 mm/min, 10 

mm/min, 100 mm/min) AE sensor embedded to the 

sample to detect all the elastic waves and will 

amplified by the 34-dB pre-amplifier. For AE data 

analysis, LabVIEW is used to collect and process all 

the data produced by the sensor. The experiment is 

carried out simultaneously. 

 

RESULTS AND DISCUSSION 

Based on the result obtained from both 

experiment, Figure 1 shown the defect is already 

occurred just after a few second after the loading 

applied. The AE technique detected the first crack 

by capturing the energy released form the inside of 

the sample. All sample in three loading rates 

experienced the event. The higher the amplitude 

level the worst the defect happened inside the 

sample.  

The crack identification could be classified 

by analysing the acoustic activity pattern. Figure 2 

shown amplitude level <100 dB characterized as 

matrix cracking relatively long duration low 

amplitude and relatively low energy. Figure 3 shown 

amplitude level >100 dB characterized as 

fibre/matrix debonding and fibre breaking because it 

has high amplitude and higher energy. 

 
Figure 1: Graph of load, cumulative hits, amplitude 

versus time (1 mm/min) 

 
Figure 2: Acoustic activity for first phase (1 mm/min) 

 

 
Figure 3: Acoustic activity for second phase (1 mm/min) 

 

CONCLUSION 

It appears that the samples experience 

multiple of defect right after the load is applied. It 

will continue until the sample could no longer 

withstand the stress and fail. With AE monitoring 

the failure could be prevent early to preserve the 

composite to long life span. 
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INTRODUCTION  

Generally, ceramic membrane functions on 

filtering.  It is being used in certain industries such 

as biotechnological, dairy, food and beverages and 

also petrochemical. Ceramic membrane filters liquid 

in cross-filtration mode. Ceramics foam were 

implemented to application of tubular membrane in 

this project. 

 

PROJECT OBJECTIVES  

The  aim of this study are to determine and 

compare physical behaviour of kaolin calcined foam 

and ball clay foam such as density and porosity, 

investigate and compare the compression and 

flexural strength of kaolin calcined and ball clay 

foam and investigate the failure of ceramic foam. 

 

METHODOLOGIES  

The materials used in this study were 

Kaolin clay, Ball clay, distilled water, sponge and 

Precipitated Calcium carbonate. Slurries are being 

produced and sponge is immersed in slurry before 

being dried and sintered. Test involved in this study 

were Archimedes’ test, compressive, flexure test 

and morphology by microscope. 

 

RESULT AND DISCUSSION  

From Figure 1, Figure 2, Figure 3 and 

Figure 4, factor of Percentage of precipitate Calcium 

Carbonate has three levels, number 1 represents 

5wt% of precipitate Calcium Carbonate while 

number 2 and number 3 represents 10wt% and 

15wt% respectively. 

 

 
Figure 1: Interaction plot between parameters of factor in 

this experiment for porosity. 

 

From Figure 1, the porosity seems to be 

increased within increment of percentage of 

precipitated calcium carbonate.  From From Figure 

2, we can also see that type of clay plays role in 

affecting the ceramic foam density. From Figure 3 

and Figure 4, it could be seen that by changing type 

of clay from kaolin ceramic foam to ball clay 

ceramic foam, the flexure and compressive strength 

will be decreased. 

From the crack that was happened, the 

failure was caused by shear stress at degree 45  

from horizontal line of Figure 6. 

 

 
Figure 2: Interaction plot between parameters of factor in 

this experiment for density. 

  
Figure 3: Interaction plot between parameters of factor in 

this experiment for compressive strength. 

  
Figure 4: Interaction plot between parameters of factor in 

this experiment for flexure strength. 

 
Figure 5: The image of ceramic foam before (left) and 

after (right) being compressed. 
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INTRODUCTION 

Fibre metal Laminates (FML) is an 

outstanding composite materials that have been used 

widely in aerospace owing to their excellent strength 

to weight ratio performance, low density and 

excellent corrosion resistance. However, the 

application FML in marine industry such as for 

small boat is still new and need a lot of research. 

Drilling is the most common machining process 

applied for joining these materials which not only 

reduces the structural integrity of the materials, but 

as well has the potential for a long-term performance 

deterioration [1]. 

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for the research. The specimens were 

fabricated using vacuum infusion process which is 

one-time process. Then, drilling process was done 

using Universal Milling Machine DECKEL MAHO 

DMU 50 at different levels of spindle speed and feed 

rate. The drilled specimen underwent static loading 

at constant of 2mm/min loading rate. From tensile 

test, the machining residual stress was obtained.  
Design of experiment was run using 

Design Expert software with full factorial methods.  

 

RESULTS AND DISCUSSION 

From figure 1, it observed that the 

machining residual stress reduced with increased in 

spindle speed at feed rate for both 3A4F and 3A2F 

sample. The highest machining residual stress value 

was obtained at the lowest range value of spindle 

speed and feed. In comparison, the 3A4F residual 

stress value were bigger than in 3A2F. This is 

because, 3A4F is thicker than 3A2F. It contained 

much more fibre than in 3A2F. Hence, more load 

needed to break the sample [2]. Plus, the load is 

distributed to bigger surface area. In additional, the 

reduction of machining residual stress due to 

increase in spindle speed and feed rate was because 

the stress cannot be transferred from outer plies to 

inner plies due to delamination. Delamination 

around the drilled hole fails to transfer stress from 

plies to plies causing major lost in overall stiffness. 

Hence, the stress concentration is more severe in 

outer plies and lead to an early damage to the 

structure [3]. 

From figure 2, we observed that residual 

stress was most affected by feed rate and it 

decreased with the increased in feed rate, also 

decreased with the increased in spindle speed. The 

optimized parameter for 3A2F was 1050 rpm and 

0.05 mm/rev, while for 3A4F were 1090 rpm and 

0.05 mm/rev. A verification test was conducted to 

observe the difference obtained between the optimal 

reading and the experimental reading. 

 
Figure 1: Machining residual stress at different drilling 

parameters. 

 
Figure 2: 3D surface plot for (a) 3A2F and (b) 3A4F 

 
CONCLUSION 

In conclusion, it was observed that as the 

spindle speed and feed rate were increased, the 

machining residual stress were reduced. The 

thickest FML obtained bigger value of the residual 

stress.  
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INTRODUCTION 

Composite materials have found increasing 

applications in construction, aerospace and 

automotive industries due to their good 

characteristics of light weight, improved strength, 

corrosion resistance, controlled anisotropic 

properties, and reduced manufacturing cost[1]. 

However, there is a growing demand to improve on 

composite materials to have adaptive capabilities 

that can sense, actuate and respond to surrounding 

environment. Therefore, the in-depth investigation 

on the interfacial behaviour and mechanical 

properties of SMA composite is remarkably valued. 

 

EXPERIMENTAL SETUP 

The experiment consists of a pull-out test 

and a three-point bending test. The pull-out test was 

conducted by using Universal Testing Machine 

Instron 5982 with a constant pulling speed of 

3mm/min. Three parameter of surface condition of 

SMA which are untreated, acetone-coated and 

roughened surface were embedded into epoxy 

thermosetting polymer of 20 x 12 x 25 mm. The test 

was run by pulling the SMA wire uniaxially from 

the epoxy sample until debonding occurs. 

The three-point bending test was 

conducted according to the standard ASTM D790. 

The parameters are dictated by the number of SMA 

wires embedded into the composite and also the 

effect of activation of SMA wires through Joule 

heating. The failure modes of the specimens were 

analysed through Scanning Electron Microscopy 

(SEM). 

 

RESULTS AND DISCUSSION 

Based on Figure 1 which illustrates the 

result of pull-out test, the roughened SMA wire, 

exhibits the highest pull-out load resistance with the 

improvement of up to 62.14% compared to 

untreated SMA wire because the roughened SMA 

wire induces interlocking mechanism with the 

surrounding matrix due to friction, causing it to have 

a higher grip to surrounding matrix. Thus, enable it 

to resist more load [2].Figure 2 shows the overall 

result of the three-point bending test. the SMA 

embedded BFRP shows relentless increment while 

the virgin BFRP continues to decrease in the 

bending force, indicating that the only part that gets 

affected is the basalt fibre whereas the SMA wire 

does not fail yet. The effect of embedding more 

SMA wires into BFRP greatly enhances the stiffness 

of the composite beams to 55.74%, 81.36% and 

87.36%. The effect of activation of 1,2 and 3-SMA 

composite improved the stiffness by 10.5%, 3.08% 

and 1.46% respectively. 

  

 
Figure 1: Comparative load versus displacement graph of 

pull-out test 

 

 
Figure 2: Comparative load-displacement graph of three-

point bending test 

 

CONCLUSION 

It is concluded that the roughened SMA 

surface wire embedded into BFRP achieved the 

highest interfacial bonding strength and resistance to 

pull-out loading while the effect of activation and 

embedding more SMA wires enhances the stiffness 

and flexural modulus of the SMA-based composites. 
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INTRODUCTION 

Over recent years, there has been an 

explosive growth of interest in shear thickening 

fluid (STF) impregnated in fibre. The shear 

thickening fluid has a great characteristics under 

shear load, that the Silica particle accumulate thus 

jam the flow, or so called hydrocluster forming 

theory [1]. Many research has been done on study 

the effect of addition of shear thickening fluid into 

the fibre and the results is promising. However, not 

many research currently on STF-fabric with resin 

composite. Selver et al (2019), studies about the 

effect of STF-carbon and STF-glass fabric  under 

impact loading [2]. Thus, the purposes of this study 

is to investigate the effect of addition of STF in 

composite. In the research scope, the application of 

basalt is used due to its environmental friendly fibre.  

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup to achieve the objective of the study. The test 

that conducted were, quasi static indentation test, 

drop weight test and flexural test. The test specimen 

was fabricated by using vacuum infusion method. 

The size of the sample was based on ASTM D7136, 

ASTM D6264 and ASTM D790. The tests 

conducted at Mechanics of Materials lab and 

Composite Centre UTM. The sample were named 

based on the composition of silica in STF, where 

STF-15 referred to 15 % silica content and STF-30 

referred to 30 % of silica content.  

 

RESULTS AND DISCUSSION  

This section presents the results obtained 

from the test and its analysis. Figure 1 – 3 shows 

results obtained from the three tests. The results 

obtained from quasi static indentation test showed 

that, addition of STF into fibre do not enhance the 

impact properties of the material, where the drop in 

performance about 50 % and 37 % for STF-15 and 

STF-30 sample. The drop weight test showed a 

consistent results with the quasi static indentation 

test, where STF-composite sample showed 49 % 

decrement in maximum load value. STF-15 and 

STF-30 sample do not exhibits significant 

differences in maximum load value. The addition of 

15 % of STF into fibre increased the flexural stress 

of the specimen by 37 %, while the addition of 30 % 

STF into fibre exhibits decrement in flexural stress.  

 

 

 
Figure 21: Results of QSI test 

 
Figure 22: Results of drop weight test 

 
Figure 23: Result of flexural stress 

 
CONCLUSION 

The studies showed that addition of STF do 

not enhance the impact properties of the sample, 

however the results obtained did not consistent due 

flexural stress for 15 % STF sample showed an 

increment. The objective of the studies is achieved. 
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INTRODUCTION 

The addition of filler in the composite can 

affect the strength and mechanical properties of the 

material. Incorporation of filler by matrix 

modification is used as it is one of the cheapest 

method available. Graphene Oxide has a great 

characteristic to become filler as it has a great 

amount of surface area and a high strength 

properties. This study is done to investigate the 

effect of Graphene Oxide filler on the mechanical 

strength of basalt/epoxy composite. 

 

EXPERIMENTAL SETUP 

Hand lay-up process followed by curing 

under compressed mould was chosen as a method to 

fabricate the composite. The nominal thickness for 

the sample was measured at 1.9 mm ± 0.2 mm. The 

dispersion of GO in epoxy was performed by using 

solution mixing technique. The amount of GO from 

0.1% to 0.5% of epoxy resin weight were added to 

the composite. 

Three type of tests were conducted in this 

study. Tensile test was performed according to 

ASTM D3039. Flexural and impact test were done 

according to ASTM D790 and ISO 179-1 

respectively. 

 

RESULTS AND DISCUSSION 

Figure 1 shows the tensile strength of the 

material is increasing with the addition of GO until 

it reaches the amount of 0.2%. Basalt/epoxy added 

with 0.2% of GO shows the highest improvement, 

increased by 13% from 398 MPa to 450 MPa. 

Basalt/epoxy added with 0.2% of GO also has the 

highest value of Young’s modulus, which is 16.25 

GPa, improving the strength by 24% from 13.14 

GPa,  The trend of the Young’s modulus shows a 

rising pattern until it stop at the addition of 0.2% of 

GO. 

The incorporation of GO at 0.2% decreased 

the flexural strength by 4% to from 109 MPa to 104 

MPa. However, the flexural strength and modulus 

obtained from the experiment shows both the 

improvement and deterioration with the addition of 

GO. The inconsistency of the data makes it 

impossible to conclude the trend with the increasing 

amount of GO filler. In Charpy impact test, the 

addition of 0.2% of GO decreases the strength by 

17% from 284.5 kJ m2 ⁄ to 237.43 5 kJ m2⁄ . Based 

on Figure 2, it is clear that the incorporation of GO 

decreased the impact properties of basalt/epoxy. The 

agglomeration of GO particle might contributing to 

the strength deterioration in the composite [1]. 

 

 

 

 
Figure 1: Tensile strength and modulus comparison. 

 

 
Figure 2: Comparison of impact properties. 

 

CONCLUSION 

This study has found the incorporation of GO affects 

the mechanical properties of basalt/epoxy 

composite. The addition of 0.2% of GO increased 

the tensile strength by 13%. Further incorporation of 

GO reduce the strength by causing low interfacial 

bonding between the fibers. The improvement in 

tensile strength is resulting from high interfacial 

bonding in the composite thus reducing the 

delamination and fibre pullout during fracture. 

However, the flexural and impact strength are 

deteriorated with the incorporation of GO at 0.2%. 

GO filler has the possibilities to increase composite 

tensile strength but also can deteriorate its 

performance in flexural and impact properties by 

lowering the compressive strength of the material. 
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INTRODUCTION 

       Carbon steel pipeline are major used in oil and 

gas industries due to it low cost and ease of 

fabrication. Transferring crude sweet or sour oil via 

pipeline on topside structure posed corrosion risks 

due to severe exposers in marine environment. The 

combined effect of the heat, oxygen, moisture and 

salty humidity aggravate the corrosion rate of carbon 

steel pipeline (Ameh, Ikpeseni, & Lawal, 2018). 

Inappropriate selection of coating materials causes 

catastrophic and expensive failure due to corrosion. 

The right choice of coating material on the pipeline 

may reduce the frequency of painting maintenance 

and extend the pipe life. 

In recent years, graphene composite is 

increasingly being used in many industries (Ding et 

al., 2018). However, its application is not well 

applied and reported especially in pipeline as a filler 

in zinc-rich epoxy coating. Hence, its performance 

on painted carbon steel pipes is remain unknown. 

The aim of this study is to compare the effectiveness 

of zinc-rich epoxy coating with and without 

graphene composite as a filler on corrosion 

resistance of carbon steel pipe in oil and gas 

application. 

 

MATERIAL AND EXPERIMENT SETUP 

  Zinc-Rich epoxy was mixed with graphene 

composite at 1%wt, 3%wt and 5%wt ratio and the 

coating thickness were varied at 80μm, 160μm and 

240μm. The substrate material was a low carbon 

steel with 0.3% C. The corrosion performances on 

the coated pipe were evaluated using Open Circuit 

Potential (OCP), potentiodynamic polarization 

curves (Tafel Plot) and Electrochemical Impedance 

Spectroscopy (EIS). Salt solution used in 

potentiodynamic test was 3.5%wt NaCl solution. 

 

RESULTS AND DISCUSSION 

 Compared the coating with and without 

graphene content, the 1%wt of graphene composite 

in 240μm coating thickness has lowest corrosion 

rate of 0.0087204mmpy and is in optimum value 

compare to 100% zinc rich epoxy with corrosion 

rate of 0.0241656mmpy. Although the coating with 

5%wt graphene composite in 240μm was slightly 

better, the lifting space was relatively limited due to 

the cost of graphene and coating layer. 

The result indicated that the passivation 

capacity of the passive film on the base metal 

surface was stronger than that of the anodic 

passivation reaction.In a word, the addition of 

graphene could effectively improve the corrosion  

 

 

resistance of base metal and as a good filler in zinc 

rich epoxy coating.. 

 

 
Figure 1 Potentiodynamic curves of coated pipes with 

and without graphene filler in 3.5%wtNaCl solution. 

 

 According to the EIS fitting results in 

Figure 2, it was seen that the impermeability of the 

composite coating increased with the addition of 

graphene. Using characteristic frequency method to 

evaluate the coating properties, it was found that the 

incorporation of graphene effectively reduced the 

corrosion porosity and improved the corrosion 

resistance of the coating. 

 

 
Figure 2 Impedance Bode diagram of EIS Test 

 

CONCLUSION 

  The EIS and Tafel Polarization data shown 

in this study have proved the fact that graphene 

composite as a filler in zinc-rich epoxy coating 

possessed high effectiveness on corrosion resistance 

of carbon steel pipe in oil and gas application.  
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INTRODUCTION 

Malaysia natural rubber production 

decreased since 2006. There are a few problems that 

lead to the downfall of Malaysia natural rubber 

industry. Firstly, the lack of interest from the local 

community. Most of the rubber estate owner has to 

hire foreign labour. Besides, rubber tree tapping is 

considered to be a skill-oriented job and the 

availability of such labours are getting rare. The 

second problem is the tiring process of natural 

tapping. The optimum time is short, which is only 

from 3 am to 7 am. After the optimum time, the yield 

will drop. Therefore, rubber tappers have to rush 

through all the trees besides having to wake up early. 

This will also increase the risk of harming the trees.  

The objective of this project is to design a new 

rubber tapping robot with a stable and consistent 

tapping. 

 

METHODOLOGY 

Product Design Specification (PDS) is 

done to clarify all the requirement for this product 

before proceed further into robot design. The robot 

has to be fully automated and able to perform 

consistent and precise tapping. Morphology Chart is 

set up to generate ideas in each critical functions. 

Evaluation matrix then is done to distinguish the 

pros and cons of each designs. From the evaluation 

matrix, the best design can be determined. Analysis 

is done to calculate the torque for the clamping and 

power needed for engraving. The design is then 

embodied in CAD software. The robot prototype is 

then fabricated. The robot is tested on a wood trunk 

and the tapping result is determined.  

 

RESULT AND ACHIEVEMENT 

 

Figure 1: Rubber Tapping Robot CAD design 

 

Figure 1 shows the CAD design of the 

rubber tapping robot. The robot structure consists of 

clamping mechanism, x-y-z motion and rubber 

tapping mechanism. Electronic components are  

 

implemented to the robot such as: microcontroller 

board, micro-switches and motor drivers.  

 
Figure 2: Tapping Result 

 

The outcome of the tapping by the robot is 

consistent. However, the depth of the cut is 

inconsistent and a pattern on the cut from the tapping 

can be seen. This problem can be solve by using 

proximity sensor with higher accuracy and 

implementation of external encoder. 

CONCLUSION 

In this work, a new rubber tapping robot 

has been designed. A stable and consistent tapping 

has been demonstrated from this newly design 

rubber tapping robot. 

 

REFERENCES 

[1] Ahmad., N., Malek, A. B. K., Mohamed H. M., 

Muhammad A. A. G., Jiang, J. L., Shamsul. K., 

& Zulkifli, H. (2012). An automatic tapping 

machine. Patent WO 2012/121586 Al 

 

 

 

https://patents.google.com/?inventor=Mohamed+Helmy+MAAROF
https://patents.google.com/?inventor=Muhammad+Akbar+ABDUL+GHAFFAR
https://patents.google.com/patent/WO2012121586A1/en
https://patents.google.com/?inventor=Shamsul+KAMARUDDIN
https://patents.google.com/?inventor=Shamsul+KAMARUDDIN
https://patents.google.com/?inventor=Zulkifli+HARON


Procedia Undergraduate Mechanical Engineering Research 

Volume 1, September 2019 

133 
 

DEVELOPMENT OF MOBILE ROBOT FOR EXPLORATION ACTIVITY  

Mohd Irwan Rosli and Mohd Zarhamdy Zain 

School of Mechanical Engineering, Faculty of Engineering, 

Universiti Teknologi Malaysia, 81310 UTM Skudai, Johor, Malaysia. 
 
INTRODUCTION  

Mobile robot exploration is the robot that 

has capabilities to move into the environment which 

has various surface terrain without a problem and 

builds body with specification strong enough hold 

impact while it is operating in a cave. The mobile 

robot also can move in the small cave which human 

are not capable to reach there. So the mobile robot is 

a good invention to help human on monitoring what 

inside the cave. This thesis focus on survey mobile 

robot mapping that can be applied on a small and 

extreme surface such as a cave. 

 

PROJECT OBJECTIVES  

The objectives of this study are to design 

and develop mobile robot exploration that can travel 

in different surface condition and can support the 

mapping scanner device.  

 

METHODOLOGIES  

As this a design and development project. 

First, the objectives and scopes need to be clarified. 

From that, we can start to come out the idea that 

follows the objectives and scopes. Understanding 

the developed and design mobile robot by carrying 

out a literature review to study the existing designs 

[1]. From this, it helps to establish the design 

requirement and design creations of the mobile 

robot. 

 

 
Figure 1 exploration mobile robot 

 

Hence, a few initial conceptual design 

ideas or designs were generated and needs to 

finalize one by choosing the best concept that fulfil 

the requirement. After that, the finalize design needs 

to be dimensioning and list all component part. 

Next, engineering analysis needs to study on final 

concept design. Proceed to develop the model final 

design and then ready for testing.  

 

 

 

 

 

COMPONENT OF EXPLORATION MOBILE 

ROBOT  

 
Figure 2 Body part final selection  

 

  
Figure 3 Electronic component final selection 

 

RESULT AND ACHIEVEMENT 

The project had achieved the objective 

which is to design and develop a mobile robot for 

exploration activity. The exploration mobile robot is 

able to support mapping scanner device. From 

exploration mobile robot performances test, the 

mobile robot is able to travel in a various surface 

condition which is grass-field, small puddles and 

etc. Furthermore, the camera shows fully functions 

in the daylight and able to display image capture in 

real-time.  Moreover, the support light camera able 

to enhance camera performance in a dark 

environment.  
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INTRODUCTION 

In the last decade, Tissue Engineering (TE) 

has been beneficiary for new artificial tissue 

substitute and increasing demand for organ 

transplantation. The porous scaffold that able to 

mimic the various of bone properties such as 

mechanical properties and nutrient transport is been 

proposed. Permeability studies of cancellous bone 

has been carried out by many researchers which 

address the relationship between permeability, 

mechanical properties and anatomical site [1]. 

Therefore, TE has emerged rapidly with approach 

that lead to the development of biomaterial to 

prepare the porous 3D scaffold as biological 

substitute to restore, maintain and improve defective 

tissue. Thus, this paper explains the permeability 

and wall shear stress of magnesium (Mg) porous 

scaffold which mimic with human cancellous bone. 

 

METHODOLOGY 

The basic principle of permeability fluid 

flow test is to design model scaffold that mimic with 

natural cancellous bone parameter using 

SolidWorks. Therefore, this study proposed a new 

design of porous scaffold which has 

biocompatibility and match with bone properties. 

The methodologies of the study are as follow: 

1. 3D CAD drawing of bone models and check the 

porosity and surface area 

2. Meshing generation and set boundary condition 

with a variation of flow rates (0.025, 0.4, 0.8 

ml/min) 

3. Calculate permeability using Darcy’s law  

 

RESULTS AND DISCUSSION 

At the end of CFD analysis, pressure drop 

is obtained to be used as referenced to calculate the 

permeability in each specimen. Figure 1 shows the 

good correlation between average permeability and 

pore size within specimens. The permeability of 

scaffold can be affected by the porosity of structure 

[2]. However, for the structure with same porosity 

will have the different permeability due to different 

pore size and bone surface area. In addition, the 

variation of flow rates has affected the performance 

of bone scaffold. Both permeability and WSS 

illustrate the contrast result as it passes through the 

type of specimen as in Figure 2. The value of WSS 

and permeability were compared with cancellous 

bone. Therefore, the linear correlation has been 

found between permeability and WSS with bone 

surface area and pore size. 

 

 

 

 

 

 
Figure 1: Graph of permeability within the specimens. 

 
Figure 2: Graph of WSS and permeability within 

specimen.  

 
CONCLUSION 

With the consideration for the induced wall 

shear stress and permeability requirement for 

cancellous bone, the models portray the effectively 

mimic the properties of the human bone. Both 

results show the linear correlation with pore size and 

surface area. The results showed that plate-like 

specimens are in range of permeability as the 

cancellous bones. 
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INTRODUCTION 

Batteries are capable in storing large 

amounts of energy per unit weight. According to 

Geoffrey J. May [1] compact, easy to deploy, 

economical and provides instant response both to 

input from the battery and output from the network 

to the battery that makes the electrochemical energy 

storage in battery attractive. In addition, the use of 

seawater as an electrolyte in a battery also is not 

something new in the energy storage technology. A 

lot of researches have been done for decades. 

According to research conducted by Nai-Guang 

Wang [2], a seawater activated battery system 

normally includes two indispensable parts which 

are, active metal anode (e.g. magnesium) and metal 

chloride cathode. This type of battery is developed 

to meet the requirement of military application in 

1940s. One of the type of seawater battery used is 

Mg/AgCl battery. The battery is developed as the 

power source for electric torpedoes. 

 

METHODOLOGY 

This section presents the methodology 

applied to this study. There are several phases and 

steps involved. The main objective of this study is to 

select the most reasonable materials to be used as the 

electrodes in the seawater battery cell. A 

performance tests is carried out to find the amount 

of voltage output obtained by each type of 

electrodes. 

The performance test is carried out and 

recorded by connecting the Arduino to the battery 

cell with load connected to it. The amount of voltage 

output is recorded for eight hours period and graphs 

are plotted. Hence, the selected pair of electrodes 

will undergo a few series of tests afterwards. 

 

RESULTS AND DISCUSSION 

From the experiment conducted, C-Zn and 

C-Mg pair of electrodes were shortlisted as the 

potential electrodes to be used in the seawater 

battery cell since they recorded the highest voltage 

output compared to other pairs. 

The voltage produced by C-Zn battery is 

slightly lower with 3.35V compared to C-Mg battery 

with 5.25V before connected to load. After 

connected to a load, the average voltage drop 

recorded for C-Zn and C-Mg battery are 0.83V and 

2.74V respectively. 

Figure 1 and 2 shows the results of the 

voltage output for both C-Zn and C-Mg electrodes 

pair. Battery with C-Mg electrodes shows a better 

performance compared to C-Zn battery. This is 

because the voltage output for C-Mg after 

connected to a load is higher compared to C-Zn 

battery. Furthermore, battery with C-Mg  

 

electrodes is able to light up the load (torchlight), 
where the amount of voltage output produced is 

enough to light up the load. 

 

 
Figure 1: Performance of C-Zn battery with load applied 

 

 
Figure 2: Performance of C-Mg battery with load applied 

 
CONCLUSION 

The design of the seawater battery consists 

of 12 pairs of electrodes connected in a series circuit. 

The voltage output achieved was not the same as in 

theory due to some errors and disturbances. To 

choose a suitable pair of electrode to be used in the 

seawater battery, a few types of electrode pairs are 

tested for their voltage output. The results shows that 

C-Zn and C-Mg pair produced the highest voltage 

output. Both pairs with the highest voltage output 

are then tested for their voltage performance in eight 

hours period.  
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INTRODUCTION 

Tremor is one type of disabilities that may 

happened    either    to    a     healthy   people or 

Parkinson Disease (PD) patient. This study will 

focus on uncontrolled     hand vibration happened to   

Tremor   patient during eating activity based on PD 

patient. Even though   the vibration are impossible 

to be 100% isolated, but the tools or device that can 

reduce a vibration will really help them to have a 

better life. So,  a  simulation  of  this    spoon    cover 

are meant to confirm that  the  vibration can be 

reduce  by  having  a  passive    system for  vibration   

reducer.   This    passive system attached to the spoon 

cover and it may absorbed the vibration when PD 

patient use that device attached to their spoon during 

eating. 

 

METHODOLOGY 

Based on this study, a mathematic model 

that will take into account is the equation of 

improved spoon cover for hand arm tremor. The 

validation of the mathematical modelling have been 

done by using MATLAB-Simulink software by 

considering many aspects including materials, 

boundary condition and also based on their type of 

vibration absorber.  Models of the spoon cover are 

based on the conceptual design of the spoon. An 

experimental setup as shown in Figure 1 has been 

arrange to compare the result between the spoon 

cover prototype   and   the   simulation analysis 

result. The accelerometer has been calibrating and 

connected to Arduino system and the data 

transferred to PLQ-DLX to plot the data reading by 

the vibration sensor. 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Experimental setup for spoon cover prototype 

 

RESULTS AND DISCUSSION 

Result tabulated as in Table 1 and Table 2, 

confirmed that the passive vibration reducer system 

can be used to dissipated the uncontrolled motion 

due to Tremor. There is a reduction by using the 

existing spoon cover, but by having a new design of 

spoon cover, we can reduce more vibration. 

 
 

 

 

Table 1: Simulation Analysis Summary Result 

 

 

 
Table 2: Experiment Summary Result 
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INTRODUCTION 

Stairs represent a serious challenge to 

certain type of vehicles and robots during the 

occurrence of hazard. Each classification of mobile 

robot possesses their unique advantage and suffers 

from certain disadvantages. Previous studies have 

shown that wheeled type have better performance 

than walking and track. Hence, wheeled type was 

chosen to continue this study on stair climbing due 

to its simplicity, light weight and less energy 

consumption compared to the walking and track 

type (Mohammed & Mahmoud, 2017). 

 

PROPOSED DESIGN 

The robot is based on Tri-Wheel design 

(Smith, 2015), it consist of different sets of gearing 

system each for driving and tumbling. The robot can 

be controlled using two modes which is manual 

maneuver operation and stair climbing operation. 

Manual maneuver requires user input while stair 

climbing is automated. 

 

 
Figure 1: Final design of the robot 

 

RESULTS AND DISCUSSION 

Simulation was done using two DC Motor 

turning at 20 RPM and two servos turning at 15 

RPM using SolidWorks Motion Analysis. 

 Figure 1 indicate that the torque of servo motor 

is higher compare to DC motor as the servo require 

a large amount of torque to rotate the whole Tri-

Wheel system. The fluctuation of the torque for both 

of motor was due to the friction on the floor and the 

collision between each step during the stair climbing 

motion.  

 For the servo, the torque rise and fall due to the 

rotation of the Tri-Wheel, as the Tri-Wheel start to 

rotate it will require a large amount of torque and as 

the Tri-Wheel start to land on the next step, the 

torque on the motor will fall down until the Tri-

Wheel successfully land on the step.  

 The maximum value of torque is 2.1 Nm for DC 

motor, approximately at 2.3 seconds during the 

climbing of the first step while the highest value of 

torque for servo is 15.8 Nm at 8 seconds after 

successfully climbing the last step. 

  

 Figure 2 indicate that both servo and DC motor 

have the same trend for its power consumption 

where it fluctuates. For each rotation of the Tri-

Wheel system the power consumption will spike up 

at the early rotation and fall down after completing 

the rotation. Both motor has the maximum power 

consumed at 6 Watt and 25 Watt for DC motor and 

servo respectively. 

 

 
Figure 2: Torque-time graph of DC Motor (Blue) 

and Servo Motor (Red) 

 

 
Figure 3: Power consumption-time graph of DC 

Motor (Blue) and Servo Motor (Red) 

 

CONCLUSION 

It shown that wheeled type robot has low power 

consumption for stair climbing operation and it is 

vital for the motor and servo to have high torque for 

better performance. 
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INTRODUCTION 

In the world today, the number of people 

living with visual disabilities or visual impairment 

are increasing day by day. Not having the abilities to 

perceive the light in the surrounding, most of them 

struggled in doing normal daily activities such as 

identifying colour of object in their surroundings. 

The process of identifying colour is necessary in 

many kinds of activities such as buying groceries, 

buying clothing or even deciding the value of 

money. Being able to identify colours of object 

would be a great help to people with visual 

disabilities and it might boost up their confident to 

live more independently. Hence, these are basically 

the reasoning on why this project is being develop 

which is to develop a colour detection device that 

could be use to identify the colour of different 

material such as paper, clothing or even plastic 

material.  

 

FUCTIONAL ANALYSIS 

 The working mechanism of the colour 

detection device relies only on four basic 

components in order the device to be able to identify 

colours and to be able to voice out the object colours. 

The main components are TCS320 colour sensor, 

microcontroller, sound module and lastly the 

speaker.  

 The device firstly works when the colour 

which is connected to LED light detect the amount 

of red, green and blue data from the reflected light 

receive from the surface of the material. These data 

are then sent to our microcontroller which the 

Arduino Nano. Th microcontroller will then identify 

the actual colour of the of the object based the ranges 

of red, green and blue data that have been 

programmed inside the Arduino.  

 The Arduino will then send the right signal 

to the serial mp3 player to play the sound output. 

The serial MP3 player which works by playing the 

track in the SD card. From the signal receive form 

the microcontroller, the serial mp3 player will then 

play the track through the speaker connected to it to 

alert the user the colour of the object.  

 
Figure1: The Device Functional Analysis 

 

 

 

 

 

 

RESULTS AND DISCUSSION 

The identification of colours is made based 

on the values of red, green and blue data that we 

have received from the colour sensor itself. Hence, 

in order to ensure that the device is capable to 

identify many variation colours, trial is the done on 

different colours to identify the red, green and blue 

for each colour. For each colour, a total of 10 trial to 

is collected to ensure that the red, green and blue 

data taken is precise. These values are then 

programmed into the microcontroller Arduino 

Nano.  

 

Table 1: The RGB data for different colour 

 

So basically as we stated earlier, when this 

value have been programmed into the Arduino, 

whenever the colour sensor detected the ranges of 

value for red, green and blue data that satisfies any 

of above ranges, the microcontroller will quickly 

send a signal to the serial MP3 player to play the 

right sound track to alert the user the colour of the 

object. 

 

CONCLUSION 

In the conclusion, the main objective of the 

project which is to make a colour detection device 

for blind people is achieved. Being able to identify 

the colour of the object in the surrounding would be 

a great advantage to people with visual impairment, 

as it would make them more independent and also 

being more confident in the life.  
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INTRODUCTION 

Drone is very useful device which is mostly 

used for airborne monitoring and aerial 

photography/video. This device can be used to 

monitor places on earth where can’t be reached by 

human easily. In this project I am using flapping 

design by using four wings with separate motors 

connecting where it is mainly used for flight. The 

purpose of this project is to analyse and design 

concept for the four-wing flapping drone inspired by 

insect. Furthermore, this project focuses on the 

method to fabricate a prototype that follows a drone 

design that is able to hover using flapping 

mechanism. 

 

METHODOLOGY 

This section presents the analysis of the 

body of the drone and the wing dynamics that is 

essential to fabricate the flapping drone. The 

equations for this study is validated by using [1] as 

the reference to make sure the wingbeat frequency, 

the power of motor and the dynamics of the drone is 

calculated accordingly. 

 
Table 1 Design specification   

Parameters Design Specification 

Motor (kV) HD-Propeller-85-

T(motor) 

Wing span(cm) 15 

Body dimension (cm) 10 X 10 

Battery Capacity  9V 

Number of wings 4 

Body weight (without 

payload) (g) 

190 

Material used Wooden stick, wrap 

paper, 3D printing 

(ABS) 

 

The dynamics and analysis of the body of the drone 

is done and the mechanism and concept is finalised 

by simulation and animation in Soliworks. 

 

 
Figure 1 Design drone 

 

Figure 1 shows the body of the drone was designed. 

This was designed by layer where the two edges will  

 

be the propeller motor, followed by the connector, 

then the body mechanism and lastly the 9V battery 

and followed by the wing wire that connects the 

body to the wing.  

 

RESULTS AND DISCUSSION 

 
Figure 2 Fabricated drone  

 

Figure 2 shows the body of the drone. 

There was a need to use lightweight material to 

fabricate the body structure and joined using hot 

glue gun.  

 

 
Figure 3 Fabricated drone flapping mechanism 

 

Figure 2 shows the overall assembly of the 

flapping mechanism. A field test was conducted to 

check whether the design can fly. 

  

CONCLUSION 

We can conclude that the insect-like design 

theory has been proven to work due to the 

lightweight body and the high wingbeat frequency. 
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INTRODUCTION 

This project is based on difficulty faces by the 

current method used by the researcher in mapping 

the structure of the cave. Most of the method used 

by the researcher in mapping the structure of the 

cave is still by using the manual ways where most of 

them still required to manually bring the heavy 

mapping device into the cave. Some of them are still 

manual inspection by using a camera where based 

on the image capture the structure of the cave will 

be remodelled back by using the software in the lab 

later. 

 

EXPERIMENTAL SETUP  

The flow of methodology starts by listing 

the specification of the device. The listed 

specifications then set as a guideline in designing 

and develop the device. The important specification 

of the device is it must be able to scan out the 

structure of the prototypes caves in the dark 

environment. As the Specification set, two concepts 

had been made based on it. The best concept had 

been selected and improvises as the final concept to 

achieve the objective. Then the 3D model of the 

device had been made by using Solidworks as in 

Figure 1. 

                                               
Figure 1: Design of the device                                                                                           

 

This section presents the experimental setup and 

servos had been made by following to [1] and [2] 

respectively to increase the accuracy of the device. 

After that, Coding and planning process starts. 

During the coding process, 3 sets of coding had been 

made which are for Method 1, Method 2 and Method 

3 scanning. PLX-DAQ and Solidworks had been 

selected to act as interface transferring data from the 

Arduino directly into Excel and visualize the data 

into 3D point image. Then the device is ready to be 

tested 

 

RESULTS AND DISCUSSION 

 

The device able to function follows to flow chart as 

in Figure 2. 

     
           Figure 2: Device Functional Flow Chart 

 

 

 

 

CONCLUSION 

As a conclusion, the project had achieved the 

objective. The device was able to scan out the 

prototype caves in a dark environment as already set 

in the specification of the device during the 

designing process. Based on the image produce, the 

most reliable result is by using Method 3 as the 

result produce on only able to produce image 

resemble to shape of the prototype by also not 

produce a wavy image. Lastly, all of the scanning 

methods used in this project unable to detect sharp 

edges with an angle of 90 degrees and below. 
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INTRODUCTION 

Nowadays, most of the items in this world 

use the technology for more productive life. The 

individuals always find something to assist them 

doing a work rather doing it themselves thanks to 

their busy life. In manual trolley, human labor 

remains required to utilize trolley. They still ought 

to push the trolley or bring the basket to bring the 

stuff. So, if there's a trolley that may be run 

automatically, then bring the things are going to be 

easier and economical. 

 

METHODOLOGY 

The system design for both hardware and 

software for the development of the automatic 

human guided shopping trolley had been carefully 

planned. The hardware components comprise 

ultrasonic sensors, Bluetooth module and motor 

driver, which are connected to the Arduino Mega 

2560. Software implementation is the main 

software’s that are used in completing the project. 

Arduino and MIT App Inventor is the software used 

in this project. The Arduino Integrated Development 

Environment (IDE) is the main text editing program 

used for Arduino programming. 

 

RESULTS AND DISCUSSION 

The trolley moves according to the 

command given through the Arduino. 

 
Figure 1: Forward and backward movement of the trolley 

 

Figure 1 shows the movement of forward 

and backward of the trolley. When the distance is 

between 100cm and 50cm the trolley will moves 

forward. At distance 30cm and lower the trolley will 

back itself to avoid colliding with the user. Between 

50cm and 30cm is the safe distance between the user 

and the trolley. 

 

 
Figure 2: Turning movement at the distance of 100cm 

and 50cm 

 

  

 

Figure 2 shows the turning movement of 

the trolley at the user distance of 100cmn and 50cm. 

It have a small arc for the trolley to turns at the given 

distances. 

 

 
Figure 3: Turning movement at the distance of 30cm and 

below 

 

Figure 3 shows the turning movement for 

the trolley at 30cm and below. The motor moves in 

opposite direction to make the trolley moves in the 

direction needed by rotating at the same place. 

 

CONCLUSION 

The purpose of this project is to develop a functional 

human following trolley that can also be control by 

using a smartphone. Using a smartphone as the 

interface to control the various functions in the 

trolley is cost saving as smartphone is already in 

everyone possession. The objective for this research 

had been achieved as the trolley had been 

successfully design and fabricated with the 

implementation of the following system. The 

following system is achieved by using the ultrasonic 

sensor. 
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INTRODUCTION 

In industrial sector, brass layer coated 

around the high carbon steel wire cord is being 

produced through the method of electroplating of 

brass in pyrophosphate electrolyte. Recently, the 

brass coated around the steel cord by 3 working 

steps follow as: Copper plating, zinc plating and 

diffusion treatment process. This conventional 

method has high tendency to produce thick zinc 

oxide coating which detrimental for subsequent 

mechanical drawing process to further reduce the 

diameter of steel wire as it is brittle oxide. Thus, a 

study has been carried out to investigate the plating 

parameters towards the brass chemical composition 

and adhesion strength coated on the steel substrate.  

 

EXPERIMENTAL SETUP 

Brass plating had been done on steel 

substrates (wire and plate) with various plating 

parameters such as effect of current density, 

pyrophosphate concentration and copper 

concentration. Whereas, steel cord acts as substrate. 

All the samples will be characterized by using X-

Ray Diffraction (XRD), Scanning Electron 

Microscope (SEM) and Field Emission Scanning 

Electron Microscope with Energy Dispersive X-Ray 

(FESEM). The effect of each parameter towards the 

brass alloy composition and its changing of colour 

had been study. On the other hand, wire samples will 

be studied further by Surface Roughness Test and 

Rubber Adhesion Pull Out Test. 

 
RESULTS AND DISCUSSION 

The effect of different current densities on 

the composition of Cu-Zn alloy was determined 

from Energy Dispersive X-Ray (EDX) analysis. 

From the results, the composition of zinc in the 

coating increases as the current density also 

increases. Figure 1 show the percentage of copper 

and zinc in the coating with respect to current 

density. 

 

 
Figure 1: Percentage of Copper in coating versus current 

densities. 

 

 

 

 

The greater the current density, it will promote the 

formation of less noble metal which is zinc to be 

plated on the substrate. This result matches the 

statement claimed by Ramírez [1] where increasing 

current density tends to make the partial current of 

copper move away from the total current density, 

while the partial current of zinc approaches it. Figure 

2 shows the increased of pyrophosphate molarity 

lead to the increasing of the zinc content in the brass 

coating. As the pyrophosphate increased, the zinc 

content in coating increased. This might due to more 

zinc had reacted with the pyrophosphate which was 

the complexing agent to form copper complexes 

thus saturation of zinc complex form.  

 

 
Figure 2: Effect of pyrophosphate concentration in 

solution baths against zinc content in 9 Adm-2, 12 Adm-2 

and 15 Adm-2 

 
CONCLUSION 

The effect of the plating variables on the 

composition of the brass coating was investigated. 

The zinc content in the deposit increases as the 

increasing of current density and pyrophosphate 

content [1]. The increasing of copper content made 

the copper content also increased. Golden-like α-

brass coating was deposited at the current density of 

9Adm-2. The grain size decreases and more compact 

with the increases of current densities [2]. Surface 

roughness will affect the rubber adhesion, due to 

stress interlocking on the brass coating.  
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. 
INTRODUCTION 

Currently, conventional silica aerogel is 

often produced using expensive and toxic silicon 

alkoxides such as tetramethoxysilane Si(OCH3)4 or 

TMOS, and tetraethoxysilane Si(OC2H5)4 or TEOS 

[1]. However, recent findings on the uses of rice 

husk ash as a silica source offers an economical 

solution as cheap raw material [2]. Rice husk is an 

abundant agricultural waste in most agriculture 

based countries such as Malaysia and contains about 

80-90% amorphous silica. Reusing the rice husk will 

also help to reduce the environmental pollution. 

In this research study, silica aerogel beads 

with size ranging between 1-2 mm were synthesized 

using the ball drop method via ambient pressure 

drying method. The effect of post curing 

temperature on the morphological properties and the 

physiochemical properties of the silica aerogel 

beads were also investigated. Above all, it was 

conclude that our current research efforts work will 

be helpful to provide a general reference on how to 

synthesis silica aerogel prepared from RHA with 

desirable structure and properties at high 

temperature conditions. 

 

EXPERIMENTAL  

This section presents the experimental 

setup for the system. For the synthesis of aerogel, 

preparation of sodium silicate solution, silica 

hydrogel beads via ambient dry condition is done. 

After the silica aerogel beads are made and prepared, 

further post curing process had been carried out. The 

silica aerogel beads is then dried on the hot plate at 

temperature ranging at 200°C, 300°C and 400°C. 

The synthesis and post-cured aerogels were 

characterized by FTIR, SEM and EDX 

spectroscopies. The properties and behaviour of 

silica aerogel have been determined by the density 

and wettability test 

 

RESULTS AND DISCUSSION  

Based on the spectrum of Figure 1, the 

reaction has been analysed with three days gap of 

ethanol exchange, respectively. For nine days of 

ethanol exchange of synthesis aerogel, it show a 

promising result. The strong and sharp absorption 

peak of Si─O─Si bond at 1092 cm-1 and Si─CH3 

bond at 1638 cm-1 corresponds to the silica surface 

structure. The strong peak shows the interaction 

between Si─O─Si bond [3], indicating a more pure 

and complete reaction of synthesis aerogel obtained. 

As shown in Figure 2, the results revealed 

that synthesis and post-cured aerogels all exhibit a 

globular-aggregated structure, in which silica 

particles interconnect with each other to form a 

porous network. The images visualized the aerogel  

 

surface with the darker regions are interpreted as the 

openings to the three dimensional porous structure. 

Above all, the aerogels keep a similar topography 

spongy meshwork with magnifying from 5,000 

times. Based on the topography, the aerogels 

sustained its structure after the post curing process 

at 400°C.  

Figure 1: FTIR Spectrum of synthesis aerogel 

 

 
Figure 2: SEM images of synthesis aerogel at (a) 100°C, 

(b) 200°C, (c) 300°C and (d) 400°C 
 

CONCLUSION  

The structure of silica aerogel is preserved 

and maintained up to its thermal degradation 

temperature which is 400°C. The aerogels 

characterized also exhibit a low density at 0.0389 

g/cm3, high porosity percentage at 97.22% and 

high contact angle at 105°. The silica aerogel 

sustained its property and behaviour at high 

temperature.  
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INTRODUCTION 
Over recent years, there has been an 

explosive growth of interest in nanofluid 

technology. More researcher focused on the 

enhancement of heat transfer on cooling system as 

LED and heat sink. This is due to the fact that the 

people want used high performance of computer 

nowadays to complete their daily task. Performance 

and power levels of CPU is a growing challenge as 

device future sizes become decrease. Ensuring 

effective heat transfer from CPU to surrounding is a 

vital step in counter this challenge.  Thermal 

interface material (TIM) also call as thermal paste is 

used between CPU and heat sink. Good thermal 

paste have high thermal conductivity because more 

heat can be transfer out from CPU. In order to have 

high thermal conductivity, nanoparticle is used in 

the base fluid of thermal paste. Therefore, objective 

of my study is to examine the thermal conductivity 

with the effect of nanoparticle concentration. 

 

EXPERIMENTAL SETUP 
Alumina thermal paste was prepared by 

using two-step method. For two-step method, 

nanoparticle are first produce by companies as dry 

powders. Then, nano powder will disperse into base 

fluid with the help of mechanical stirrer. Aluminium 

Oxide nano powder will be used as nanoparticle 

while Sodium Dodecyl Benzene Sulphonate 

(SDBS) as a surfactant.  SDBS is used in this 

experiment in order to enhance the stability of 

alumina thermal paste. 

Thermal conductivity of alumina thermal 

paste was measured by using thermal conductivity 

meter (kd2pro). Then, alumina thermal paste was 

applied on the CPU by using middle dot method. 

Finally, checking the stability of alumina thermal 

paste by using consistency test. 

 

RESULTS AND DISCUSSION 
Thermal conductivity of alumina thermal 

paste with and without SDBS was measured at three 

different temperature which are 30°C, 40°C and 

60°C. This study was conducted to check the effect 

of SDBS on thermal conductivity of alumina 

thermal paste. The thermal conductivity for both 

condition were closed each other. Therefore, it can 

be conclude that SDBS is not a substance that can 

affect the thermal conductivity of alumina thermal 

paste. SDBS is used in alumina thermal paste to 

enhance the stability of nanofluids that might be 

used in long term period in CPU. [1] 

Figure 1 represent the thermal conductivity 

of alumina thermal paste again volume 

concentration at different temperature. Thermal  

 

conductivity increase with the increasing of volume 

concentration and temperature. 4.0% volume 

concentration at 60°C have highest percentage 

enhancement of thermal conductivity compare to 

other concentration. The percentage at this volume 

concentration is 8.2%. Brownian motion is a key 

mechanism in controlling thermal conductivity of 

alumina thermal paste. [2] The particle in thermal 

paste increase when the volume concentration 

increase. When the temperature increase, the kinetic 

energy increase, the particle have greater speed and 

collide each other. The motion of particle increase 

and the heat diffusion or transfer also increase from 

CPU to surrounding.  

 

 
Figure 1: Thermal conductivity (W/mK) vs volume 

concentration (Vol %) 

 
Figure 2: Percentage enhancement of thermal 

conductivity (%) according to volume 

concentration (Vol %) and temperature. 

 

CONCLUSION 
We have shown the thermal conductivity of alumina 

thermal paste increase when the volume 

concentration increase. 4.0% volume concentration 

have higher percentage enhancement of alumina 

thermal paste at 60°C. Further study can used higher 

volume concentration and compare with theoretical 

value.  
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INTRODUCTION 

According to Yunus et.al, 2007, the 

number of transistors packed in a single chip has 

been increasing steadily over a period of time [2]. 

The innovation of the component or devices is 

producing a major problem to the product which is 

high heat generation of the components that may 

destroy or damage the components unless the heat is 

transferred away from them. Previous studies have 

successfully demonstrated the feasibility of various 

application to overcome this problem. Thermal 

grease with Hexagonal Boron Nitride (hBN) has 

been used to enhance the heat dissipation from the 

electronic devices.  

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for the system. Five volume concentrations 

were used to obtain the optimum value of hBN 

powder that can be used. The two-step method is 

selected to mix the compound which consist of 

thermal grease, hBN nanoparticles and Sodium 

dodecylbenzene sulphonate (SDBS) with 400 rpm 

for 15 minutes. The thermal conductivity of the 

nanogreases was measured by using KD2 Pro device 

with Ks-1 probe. The nanogreases was applied on 

the CPU system to verify its CPU temperature and 

fan speed. CPU-Z software is used to monitor the 

computer to run at 100% of CPU usage. SpeedFan 

4.52 also used to record the temperature of the CPU 

and record it in notepad.  

 

RESULTS AND DISCUSSION 

Figure 1 shows the thermal conductivity of 

nanogreases increases linearly as the percentage of 

volume concentration increase. Based on Zhou et.al, 

2012, the low thermal conductivity of the 

nanogreases is at low fillers loading, it is because of 

the heat conductive of the nanoparticles surrounded 

by matrix cannot be touch each other [3].  

 

 
Figure 24 : Thermal conductivity, k versus percentage 

volume concentration 

 

 

Figure 2 shows the CPU temperature is moderately 

decrease as the percentage of volume concentration 

increase. By observing the data obtained, the 

maximum temperature is 90◦C by using 4.0 vol% 

while the minimum temperature is 79 ◦C by using 

3.0 vol% of HBN nanoparticles. According to 

Razeeb et.al, 2018, the bond line thickness (BLT) 

represent the contact resistance of the TIM with the 

two-bonding surface, where the thickness BLT must 

be small as possible to reduce thermal resistance at 

the junction area [1].  

 

 
Figure 25 : Boxplot of Temperature 

CONCLUSION 

As a conclusion, all the objectives of the studies 

were achieved successfully. The thermal 

conductivity of the nanogreases is increased as the 

filler loading increased. The optimum value pf 

volume concentration of hBN is about 3.0 vol% 

which reduced the CPU temperature up to 23.33% 

compared the base thermal grease. SDBS is function 

as a stabilizer agent, however, it not affects the 

thermal conductivity of the thermal grease. 
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INTRODUCTION  

The prayer rug as a medium of cleanliness 

because it will be placed between the worshiper and 

the ground. As been said by [1], these mats’ 

structure and design are in such that way because 

they contribute to comfort, safety efficiency and 

ease of use. These multipurpose prayer rug can 

provide support and great help in case of spinal or 

back pain, stated by both [2] and [1]. Usually, for 

older adults and senior citizens which have poor 

condition of health it was hard for them to do 

worship. Therefore, they tend to bring their own 

tripod cane-seat or use the provided chair by the 

mosque.  

The foldable chair was invented to provide 

a satisfactory feeling of comfort for the user when 

using it [3]. Therefore, when the user sits upon the 

upper surface, the pressure of the fluid in the sealed 

cavity is increased [4]. The problems that occur are 

the second feature of the multipurpose prayer mat 

only can used after the prayer, not during the prayer. 

After that, the older adult need supports during the 

prayer. The objective of this project was to design a 

praying mat that can be used not only for religious 

worship but also for other purpose and produce the 

prototype. 

 

 

METHODOLOGY 

In methodology, product design 

specification was used to make sure the dimension 

and material for of the base structure. After that, 

some additional features were added to satisfy the 

customers need. Then, the idea generation is 

accomplished by creating single systems from 

different mechanisms illustrated in the 

morphological chart. It is advised to generate several 

feasible designs using different mechanisms for 

each function for each concept. From morphology 

chat, an evaluation table is form. In this process, the 

elements that need to be evaluated are point out to 

get the best design. An evaluation matrix has been 

made. Figure 1 shows the proposed fabricated 

multipurpose prayer mat. 

 

 

RESULT AND DISCUSSION 

Two load were used for stress analysis 

which are 57.7kg and 80kg. When the 566.03N load 

is applied, each of the components will shows their 

maximum stress. All the maximum stress for each 

component are lower than the aluminium yield 

stress which is 95MPa which are 33.77MPa, 

2.55MPa, 28.63MPa and 4.73MPa. Therefore, the 

components are safe to be used to support the load. 

When the 784.8N load is applied, each component  

 

will show it maximum stress which are 47.74MPa, 

3.54MPa, 39.7MPa and 6.55MPa.  

Therefore, all the components have lower 

maximum stress than aluminium yield stress.  

Hence, the components are safe to be used as the 

structure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Fabricated multipurpose prayer mat 

 

CONCLUSION 

The objectives of designing multipurpose 

prayer mat was achieved. The final design satisfied 

the customers needed. The new feature which is the 

multipurpose prayer mat can be used during the 

prayer as a chair was successfully implemented. Due 

to stress analysis results, all the main components 

which are front and back leg structures and front and 

back seat base structures were able to support the 

maximum targeted weight, 80kg. To be portable and 

light, the used of aluminium material was installed 

as the structure and the total mass for this 

multipurpose prayer mat is 1.376kg. Thus, the result 

of this project shows that the multipurpose prayer 

mat design is developed successfully. 
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INTRODUCTION 

Generally, active and passive control system are 

commonly used to mitigate the vibration of the 

building structures. For instance, tuned mass 

damper (TMD) and active mass damper (AMD) 

are examples of technique used in both control 

systems. However, passive vibration control 

(PVC) does not guarantee a satisfying 

performance in term of stability and solidity [5]. 

Meanwhile, active vibration control (AVC) may 

cause stability issue when extra energy is 

generated within the system, even though AVC 

system can alleviate vibration response of the 

building. Hence, Active Force with Iterative 

Learning Control (AFILC) can be a strategic 

approach to optimize the PID controller in AVC 

of the building structure. This project is aimed to 

develop a robust and adaptive control method to 

suppress undesired structural motion of a flexible 

2-storey building. The proposed control method 

involves the integration of Active Force Control 

(AFC) and Iterative Learning Control (ILC) with 

a conventional Proportional Integral Derivative 

(PID) controller. 

 

METHODOLOGIES 

A simple building structure can be 

modelled into general dynamic equation by using 

Newton’s Second Law of Motion, 

  

To linearize a 2-storey building model, 

the floor is assumed as rigid beam and lumped 

mass at each floor of the structure. Besides, the 

wall of each floor can be considered by spring 

constant. In addition, the supporting vertical wall 

can be also idealized by a damping coefficient. In 

a meantime, axial deformation in beam and 

column is negligible. Finally, dynamic equation 

of the building model can be described in the 

following equation. 

 

[
𝑚1 0
0 𝑚2

] {
𝑥1̈

𝑥2̈
} + [

𝑐1 + 𝑐2 −𝑐2

−𝑐2 𝑐2
] {

𝑥1̇

𝑥2̇
}

+ [
𝑘1 + 𝑘2 −𝑘2

−𝑘2 𝑘2
] {

𝑥1

𝑥2
}

= {
𝑃1

0
} 

Next, the mathematical model is converted into 

block diagram by MATLAB/Simulink. Lastly, 

heuristic method is used to tune the controller 

main parameters in the proposed control system. 

 

 

RESULTS AND DISCUSSION 

 
Figure 1: The average score in each question 

 

Simulation has shown that the proposed AFILC 

method gives the most satisfying performance 

and robustness during the suppression of 

undesired vibration at each floor. Although the 

solely PID control system can give considerable 

attenuation of vibration, but AFILC approach 

significantly improve the performance of control 

system in term of amplitude of vibration and 

steady state error. AFC managed to provide 

appropriate estimation of disturbance force to the 

actuator. Meanwhile, ILC algorithm further 

enhance the estimated disturbance force in AFC. 

This combination has managed to reduce the 

undesired floor’s vibration by 32.77% and 

30.96% when subjected to harmonic disturbance. 

 

CONCLUSION 

The prototype of AR-based instruction manual is 

successfully developed. The demonstrated 

functionality of the AR application has great 

potential to experienced workers as well as new 

workers to use it as training kits. Besides, it also 

increases the understanding level of the work 

procedures of an assembly process. 
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INTRODUCTION  

Helicopters have been widely used in many 

applications due to its high versatility. A great 

deal of research has been done in the modelling 

control system of helicopters over the past 

decades to improve its robustness. A twin rotor 

multi-input multi-output system (TRMS) is 

commonly used in the research lab to test the 

effectiveness of a control strategy which is 

designed for a real helicopter system. The TRMS 

resembles two main features of the helicopter, 

which are nonlinearity and cross coupling effect. 

Therefore, it is important to have a deep 

understanding of the properties and behaviours of 

the modelled system in order to design a robust 

control system. The objective of this project is to 

implement a robust intelligent Active Force 

Control (AFC) using iterative learning algorithm 

to a twin rotor system. The adaptive AFC and 

Iterative Learning Control (ILC) are proposed to 

be integrated with a conventional Proportional-

Integral-Derivative (PID) control method to 

improve its robustness and ability of disturbance 

compensation. 

 

METHODOLOGY 

In this paper, a derived TRMS 

mathematical modelling has been selected as the 

TRMS dynamic model [1]. The dynamic model is 

derived by using the standard Euler- Lagrange 

approach. There are four coordinates to be 

controlled and lead to the desired output angles, 

which are pitch angle, ψ, yaw angle, Φ, angles of 

main rotor, ρm and tail rotor, ρt. The control 

system has been developed using 

MATLAB/Simulink via the proposed control 

techniques which are the PID control, AFC and 

ILC. Impulse and simple harmonic are the 

disturbances applied to the TRMS in multiple 

directions at the pitch, yaw, axis of main rotor and 

tail rotor which imply the impulse forces and 

vibration that the TRMS may face in the real 

experiment. For the actuator and sensor, perfect 

modelling is assumed, implying that the signal is 

directly extracted within the system and all the 

noises are ignored. In addition, saturation block is 

also included to limit the input signal of each DC 

motor used to the saturation rated current (1.10 

A). 

 

 

RESULTS AND DISCUSSION  

PID is found that generate a poor 

response where possesses an infinity settling time,  

 

high overshoot and large steady state error 

whenever disturbance is applied. In contrast, the 

proposed hybrid PIDAFC and PIDAFCIL 

produce an acceptable response with significant 

improvement. Besides, observed that the hybrid 

PIDAFCIL encompasses the ability to 

compensate the disturbances introduced to the 

TRMS with a faster settling time and smaller 

steady state error than PIDAFC. In short, the 

proposed PIDAFCIL illustrates the robust control 

design method with the feasibility and 

effectiveness and suitable to be applied in the 

TRMS.  

 

 
Figure 1: Comparative study of control methods 
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Introduction 

Helicopters have been widely used in many 
applications due to its high versatility. A 
great deal of research has been done in the 
modelling control system of helicopters over 
the past decades to improve its robustness. 
A twin rotor multi-input multi-output system 
(TRMS) is commonly used in the research 
lab to test the effectiveness of a control 
strategy which is designed for a real 
helicopter system. The TRMS resembles two 
main features of the helicopter, which are 
nonlinearity and cross coupling effect. 
Therefore, it is important to have a deep 
understanding of the properties and 
behaviours of the modelled system in order 
to design a robust control system. 

Project Objective 

The objective of this project is to implement 
a robust intelligent Active Force Control 
(AFC) using iterative learning algorithm to a 
twin rotor system.  The adaptive AFC and 
Iterative Learning Control (ILC) are proposed 
to be integrated with a conventional 
Proportional-Integral-Derivative (PID) control 
method to improve its robustness and ability 
of disturbance compensation. 

Methodology 

In this paper, a derived TRMS mathematical 
modelling has been selected as the TRMS 
dynamic model [1]. The dynamic model is 
derived by using the standard Euler-
Lagrange approach. There are four 
coordinates to be controlled and lead to the 
desired output angles, which are pitch angle, 
ψ, yaw angle, Φ, angles of main rotor, ρm 
and tail rotor, ρt. The control system has 
been developed using MATLAB/Simulink via 
the proposed control techniques which are 
the PID control, AFC and ILC. Impulse and 
simple harmonic are the disturbances 
applied to the TRMS in multiple directions at 
the pitch, yaw, axis of main rotor and tail 
rotor which imply the impulse forces and  

vibration that the TRMS may face in the real 
experiment. For the actuator and sensor, 
perfect modelling is assumed, implying that 
the signal is directly extracted within the 
system and all the noises are ignored. In 
addition, saturation block is also included to 
limit the input signal of each DC motor used 
to the saturation rated current (1.10 A). 

Results and Achievements 

PID is found that generate a poor response 
where possesses an infinity settling time, 
high overshoot and large steady state error 
whenever disturbance is applied. In contrast, 
the proposed hybrid PIDAFC and PIDAFCIL 
produce an acceptable response with 
significant improvement. Besides, observed 
that the hybrid PIDAFCIL encompasses the 
ability to compensate the disturbances 
introduced to the TRMS with a faster settling 
time and smaller steady state error than 
PIDAFC. In short, the proposed PIDAFCIL 
illustrates the robust control design method 
with the feasibility and effectiveness and 
suitable to be applied in the TRMS. 
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INTRODUCTION 

Road traffic accidents are always a huge 

issue in developing countries such as Malaysia. For 

bus, the cases of road traffic accidents increase 

significantly by 48% between the year 2006 to 2008 

[1]. Regulation of UNECE R29 and FMVSS is used 

to investigate the performance of bus superstructure. 

Validation of finite element analysis tool (6.10) has 

been conducted by experimental and simulation. 

 

EXPERIMENTAL SETUP 

For validation, rig specimen would be 

undergoing drop impact by using Drop Tower 

Machine and the deformation of the structure will be 

observed. Meanwhile, the assessment technique 

used in the frontal impact study is ECE R29 and 

FMVSS, which covered on frontal crash of the 

vehicle for Bus A and B. The main difference 

between these two regulations are the type of 

loading which for ECE R29, the pendulum is used 

with particular angular velocity, while for FMVSS, 

the vehicle is moving towards a rigid wall with 

assigned velocity. 

 

RESULTS AND DISCUSSION 

Figure 1 shows the comparison of 

deformation pattern between experimental and 

simulation of the rig structure. 

 

 
Figure 1: Deformation pattern comparison 

 

The difference of deformation pattern is 

13.8%. Similarity of reaction force of indenter is 

82.96% while displacement of indenter is 100% 

similarity. 

 

 
Figure 2: Deformation Response of Bus A based on R29 

 

 

 

 

Figure 3: Graph of Steering displacement, z-direction of 

Bus A(R29) against time 

 

Figure 3 (a) and (b) shows the structure 

during initial condition and first impact respectively. 

It can be observed that in Figure 3 (c), the steering 

wheel is approaching manikin body. However, the 

maximum deformation is still in elastic region and 

the steering is displayed in Figure 3. The maximum 

displacement of -135 mm is recorded at 0.125 s. Bus 

A superstructure are meeting the requirement of 

ECE R29. The bus driver is safe from the impact 

situation.  

 
CONCLUSION 

Impact test on rig specimen based on 

experiment and simulation can be verified as 

accurate as shown in results and discussion section 

in term of deformation pattern, reaction force of 

indenter of impactor, and the displacement of 

indenter against time between both experimental 

and simulation. The frontal impact simulation of the 

bus superstructure by following UNECE R29 and 

FMVSS have been demonstrated. Results show that 

both buses are meeting the requirement of 

regulations. 
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INTRODUCTION  

The ship hull models being studies in this 

thesis are two different type of hulls, which are MTC 

092, a planning hull, operate with Froude number 

(Fn) larger than 0.4, and MTC 098, a displacement 

hull, operate with Fn smaller than 0.4. This paper is 

a further study on evaluating the hull form resistance 

and wave pattern predictions results that was 

previous done on opensource software OpenFoam 

with Commercial software, Ansys. The possible 

reasons regarding the results accuracy difference 

between the two software would also be discussed 

in this paper.   

METHODOLOGY 

 

 

 

 

 

 

 

 

 

 

 
Figure 1:  Simulation Work Flow 

 

RESULTS AND DISCUSSION 

 

The simulation setup by the previous student is on 

even keel condition, but in actual case, it trimmed. 

Since the model is a planning hull, its trimming 

angle would affect a lot on the resistance result. 

Based on Figure 1, we could notice that the trendline 

for the simulation result at even keel from Ansys is 

similar with that of OpenFoam. However, at 

trimmed condition, the Ansys resulted in higher 

accuracy with percentage error lower than 10 %. 

Hence, the possible problem for high percentage 

error for OpenFoam result is caused by the ship 

condition. Based on Figure 2, we can notice that the 

trendline for the Ansys result is more near to the 

experiment result than the OpenFoam result. The 

shape of the trendline for OpenFoam result also not 

similar to the experiment result, however, Ansys is 

capable to result in similar graph shape with 

experiment. The possible reason for high percentage 

error of OpenFoam result is due to the wrong setup 

done by previous student. The type of simulation run 

by her is rigid body solution, but she does not 

provide the mass moment of inertia of the ship to the 

solver. Besides, the CAD model from her is also not  

 

 

complete, it does not have the stern appendage part 

design on the CAD model. 

 

 

 

 

 

 

 

 

# 
 

 

Figure 2:  Graph of Resistance Versus Speed for MTC 

092 at Different Condition 

 
 
 
 
 
Figure 3: Graph of Resistance versus Speed for MTC 098 

with Output from Different Software 

CONCLUSION 

Overall in the end of this project, the result 

generated form Ansys for the two ship have more 

than 90% accuracy. The possible cause for low 
accuracy result from OpenFoam was also 

identified. A rerun would be need for OpenFoam as 

to compare the competitiveness of the two software. 
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INTRODUCTION  

Since early 1990, Computational Fluid Dynamic  

(CFD)  has  been  used  in  the development of ship 

hull forms by using the first panel methods which 

are still widely used today to compute the flow field 

and wave system around a  ship  advancing  at  speed 

[1],[2].  At first CFD method uses the Navier-Stokes 

equations to solve the potential flow theory but it 

was difficult. Then the idea of modifying the Navier-

Stokes equations which came up with Reynold-

Average Navier-Stokes (RANS) equation to 

compute the simulation for ship resistance. At the 

beginning of the design process, hull resistance and 

needed engine power  are  estimated  by  analytical 

equations, after that, towing tank tests should be 

performed but they are very expensive. Therefore, 

CFD is one method uses for doing simulation on the 

ship resistance performance. Therefore, Open- 

source CFD software such as OpenFOAM is one of 

the solutions in the engineering problems for CFD 

problems. 

 

EXPERIMENTAL SETUP  

MTC101 Hull Form Model was chosen as the ship 

model that will be studied for its hull performance 

and wave pattern. First of all, the hull resistance and 

ship hydrostatic particular of MTC101 hull form 

were obtained from the MTC. The MTC101 CAD 

model was modelled by using FREE!ship  Plus  and  

then  the  ship  hydrostatic particular was compared 

with the experimental result as validation. In pre-

processor, GMSH was being used to analyse the 

CAD model meshing error and used to optimize the 

CAD model mesh. As for solver used in CFD, 

OpenFOAM used to calculate and solve for 

engineering problems by using a numerical method. 

Finally, ParaView was used as a post-processor to 

simulate the simulated result to obtain the graphical 

of wave pattern. Last but not least, the simulated 

results were being analysed and tabulated in the 

form of table and graph for comparison. 

 

RESULTS AND DISCUSSION  

Table 1  shows  the  comparison  hull resistance  

between  experimental  results  with CFD result. As 

the Froude no., Fn increase then the hull resistance 

generated by hull form also increases too. Finally, 

the overall percentage error is below 10% which is 

quite good obtained from CFD result.  

 

 

 

 

 

 

Table 1: Comparison total resistance between 

experimental result with CFD result

 

Figure 1 shows the wave pattern generated at the 

speed of 2.07m/s. From the figure, its show that the 

wavelength generated is 602.48mm while the 

Kelvin Wake angle is 17°. Therefore, the wave 

pattern angle obeyed the Kelvin Wave angle theory 

that stated the wave angle generated must below 

19.5° for half measured. 

 

 
Figure 1: Wave pattern generated at speed of 

2.07m/s 

 

CONCLUSION 

In a nutshell, all of the objectives in this study were 

achieved. Firstly, the main objectives of this study 

are to determine the free-surface wave pattern and 

hull resistance by analysis of the computed flow 

field was successfully done by using the 

OpenFOAM as CFD solver. Next, to assess the hull 

resistance obtained from the analysis with the model 

testing results also successfully being compared. 

 

REFERENCES 

[1]  Delhommeau, G., & Maisonneuve, J. 

(1986). Calculation of Flow around several 

Ship Hulls by a Rankine Source Method. 

Proceedings of the 2th International 

Conference Hydrosoft. Southampton. 

[2] Raven, H. (1998). Inviscid calculations of 

ship wavemaking capabilities, limitations 

and prospects. 22nd Symp. on Naval 

Hydrodynamics, Washington DC. 



Procedia Undergraduate Mechanical Engineering Research 

Volume 1, September 2019 

152 
 

PREDICTION OF WAVE PATTERN AND HULL PERFORMANCE OF MODEL MTC102 HULL 

FORM USING OPENFOAM  

Nurul Atiqah Zakaria and Nasrudin Ismail 

School of Mechanical Engineering, Faculty of Engineering,  

Universiti Teknologi Malaysia, 81310 UTM Skudai, Johor, Malaysia 

 
INTRODUCTION  

In the advanced marine field in Asia, 

OpenFOAM software has also been widely used by 

major companies like Hyundai Heavy Industries 

except Malaysia [1]. Open source software is also 

free software to access any software. Commercial 

CFD software is preferred not only because of its 

ability to perform powerful calculations, but users 

are friendly and easy to navigate. So through this 

research will discuss how to solve the complications 

using the OpenFOAM software to predict the ship's 

resistance and produce the MTC102 wave pattern. 

Based on the above problem, the problem resulted 

to get the comparison of the accuracy of the analysis 

results obtained by using OpenFOAM with 

experimental results. 

 

EXPERIMENTAL SETUP  

Vacuum forming is performed by using 

Formech 300XQ to fabricate a designed plastic 

packaging for medical device. Polyvinyl chloride 

(PVC)  and  High  Impact  Polystyrene  (HIPS) 

plastic  sheets  were  used  to  study  and  make 

comparison  on  the  effects  of  materials  in 

manufacturability.  A  Computer  Aided  Design 

(CAD)  SolidWorks  was fully  utilized  in  the 

design  activity as  an additive  3D  machine 

FLASHFORGE was used to print out the mould of 

the illustrated. The prototypes were tested the 

functionality  and  performance  by  carried  out 

packaging testing methods-visual inspection and 

drop test. 

 

METHODOLOGY  

Set the simulation to run for 6 different 

speed. There three process in CFD progress which is 

Pre-processing Process, Solver and Post- Processing 

Process. Pre-Processing Process divided into two 

part. Firstly construct the model by using FREE!ship 

Plus Software and secondly check the mesh part by 

using GMESH as meshing process. In this study the 

model hull that has been used is MTC102. The 

numerical equation for ship resistance analysis is 

solved by using OpenFOAM as a solver software. 

Next, the description of the analysis is illustrated by 

using the ParaView. ParaView is a software for 

Post- Processing process because it can be simulated 

wave pattern flow and hydrodynamic analysis 

simulation. 

 

RESULT AND DISCUSSIONBased on Figure 1, 

shows the relationship between the Total resistance 

and Froude number. The relationship between total 

resistance with Froude number is if speed and 

Froude number increasing, the resistance also 

increase. The result show that the simulation by  

 

using OpenFOAM result is underestimate. The 

value of total resistance of simulation is less than 

experiment data. This is because, for this simulation 

model is using SST k-omega model. 

 
Figure 1: Graph Total Resistance at Different 

Speed 

 

Based on the objective, to determine the wave 

pattern at free-surface by analysis of the simulation 

result. Figure 2 (a) and (b) will show the capture of 

wave pattern during run the simulation for different 

speed. 

 
Figure 2 (a): Wave Pattern for Lowest Speed, 1.38 

m/s 

 
 

Figure 2 (b): Wave Pattern for Highest Speed, 2.99 

m/s 

CONCLUSION 

In conclusion, OpenFOAM has a potential as a 

solver for CFD analysis. Beside, OpenFOAM can 

observed and can calculate the wave pattern result. 

Hence by using ParaView can visualise wave pattern 

flow. 
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INTRODUCTION

In the advanced marine field in Asia,
OpenFOAM software has also been widely used
by major companies like Hyundai Heavy
Industries except Malaysia (Hong, 2016). Open
source software is also free software to access
any software. Commercial CFD software is
preferred not only because of its ability to
perform powerful calculations, but users are
friendly and easy to navigate. So through this
research will discuss how to solve the
complications using the OpenFOAM software to
predict the ship's resistance and produce the
MTC102 wave pattern. Based on the above
problem, the problem resulted to get the
comparison of the accuracy of the analysis
results obtained by using OpenFOAM with
experimental results.

METHODOLOGY

Set the simulation to run for 6 different speed.
There three process in CFD progress which is
Pre-processing Process, Solver and Post-
Processing Process. Pre-Processing Process
divided into two part. Firstly construct the model
by using FREE!ship Plus Software and secondly
check the mesh part by using GMESH as
meshing process. In this study the model hull
that has been used is MTC102. The numerical
equation for ship resistance analysis is solved by
using OpenFOAM as a solver software. Next, the
description of the analysis is illustrated by using
the ParaView. ParaView is a software for Post-
Processing process because it can be simulated
wave pattern flow and hydrodynamic analysis
simulation.

RESULT AND DISCUSSION

Based on Figure 1, shows the relationship
between the Total resistance and Froude number.
The relationship between total resistance with
Froude number is if speed and Froude number
increasing, the resistance also increase. The
result show that the simulation by using
OpenFOAM result is underestimate. The value
of total resistance of simulation is less than
experiment data. This is because, for this
simulation model isusing SST k-omega model.

Figure1: Graph Total Resistanceat Different Speed

Based on the objective, to determine the wave
pattern at free-surface by analysis of the
simulation result. Figure 2 (a) and (b) will show
the capture of wave pattern during run the
simulation for different speed.

Figure2 (a): Wave Pattern for Lowest Speed, 1.38 m/s

Figure2 (b): Wave Pattern for Highest Speed, 2.99 m/s

CONCLUSION

In conclusion, OpenFOAM has a potential as a
solver for CFD analysis. Beside, OpenFOAM
can observed and can calculate the wave pattern
result. Hence by using ParaView can visualise
wave pattern flow.
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INTRODUCTION 

To comply with the new IMO regulation 

[2], EEDI and EEOI, new approach needed to be 

made for ship’s propulsion plant. DFDE propulsion 

plant gives a new option for ship owner to reduce the 

emission level of their ships. The usages of cleaner 

LNG fuel significantly reduce the emission level of 

the vessel. However, the propulsion plant is not 

widely used by marine vessel except for LNG carrier 

itself due to its convenience. Therefore, a study 

needs to be done for the conversion since many 

aspects may be affected due to the conversion. 

 

METHODOLOGY 

Technical parameters that have been 

identified affected due to the conversion will be 

assessed. Parameters and requirements need to be 

determined. The components selection will be based 

on the availability on the market. After all the 

technical parameter analysis determined, the 

economic analysis needs to be conducted to 

determine the value of the investment. 

 

RESULTS AND DISCUSSION 

 The power determination of the plant needs 

to consider both propulsion power and auxiliary 

power requirement of the original vessel to ensure 

that the operation of the ship is not affected after the 

conversion. To determine the power required, the 

efficiency of the equipment need to be taken into 

account. The total power required is 88,473 kW [1]. 

 
Table 4: Machinery selected for the propulsion plant 

Engine WinGD W7X72DF 2 unit 

WinGD W6X72DF 2 unit 

Alternator Siemens SIGENTECS 

M 

4 unit 

LNG Tank Wartsila LNGPac 15 

unit 

LNG Pump Venzetti VT-100 62 T 2 unit 

Vaporizer Alternate Energy 

System WB-7005 

2 unit 

Heat 

Exchanger 

Alpha Laval MX-25 79 

unit 

Fresh 

Water 

Pump 

Azcue CA Close 

Couple Self Priming 

Centrifugal Pump 

4 unit 

Sea Water 

Pump 

Azcue MN VP/EP 

Close Couple Self 

Priming Centrifugal 

Pump 

2 unit 

Motor ABB AMZ 1600 2 unit 

Gearbox Flender Multiple 

Input/Single Output 

Marine Gearbox 

1 unit 

 

 The capital cost for the machineries is USD 

43.56 million while the annual operating cost is 

USD 22.66 million. 

 
Table 5: Cost saving after 10 year  

Cost Saving after 10 years (USD) 

Saving 

type 

Original Plant 

HFO 

Original Plant 

LSHFO 

Fuel cost 24,025,697 40,185,370 

Penalty 2,295,725 1,465,725 

Total 26,321,422 41,651,095 

 

 Based on the calculation, the operational 

cost saving in the long run can offset the capital cost. 

 
CONCLUSION 

The objective of this study is to produce 

detailed design of the DFDE propulsion plant and 

establish economic performance on a large container 

vessel is achieved. The design and machinery 

selection are determined based on the technical 

parameter calculated. The changes on the system are 

based on the results of the analysis. 

 
REFERENCES 

[1] Adnan, C. K. (2017). Technical and Economic 

Evaluation on Dual Fuel Diesel-Electric 

Propulsion Plant of a Large Container Vessel. 

Johor Bahru. 

[2] International Maritime Organization. (n.d.). 

Greenhouse Gas Emissions. Retrieved 12 8, 

2018, from International Maritime 

Organization: 

http://www.imo.org/en/OurWork/Environmen

t/PollutionPrevention/AirPollution/Pages/GH

G-Emissions.aspx 

 

 

 



Procedia Undergraduate Mechanical Engineering Research 

Volume 1, September 2019 

154 
 

ENERGY AND EXERGY ANALYSIS OF THERMAL POWER PLANT 

Muhammad Fazrul Hisham Nordin and Natrah Kamaruzaman 

School of Mechanical Engineering, Faculty of Engineering, 

Universiti Teknologi Malaysia, 81310 UTM Sekudai, Johor, Malaysia 

 
INTRODUCTION 

Economic power generation with lowest 

fuel consumption is the main challenge for all 

engineers working in power generation industry. In 

order to increase the efficiency of the power plant, a 

proper analysis need to be made. Any method to 

increase the power plant efficiency would always 

cost the company greatly . Usually, the performance 

and efficiency of thermal power plants is evaluated 

through energy analysis which is based on the first 

law of thermodynamics. But, studies found that, the 

exergy performance analysis which is based on the 

second law of thermodynamics has found a useful 

method in the design, evaluation, optimization and 

improvement of thermal power plants [1]. 

 

DATA COLLECTION 

The data collection is made by considering 

all the major components in the power plant such as 

turbines, condenser, boiler, and pump. The 

limitation is this experiment is that the data 

collection can be made only at the devices that have 

the set up equipment to read the data. The data 

collection is made based on the 100% load and 60% 

load to be able to compare the result. There are 

totally 33 point of data collected throughout the 

power plant mainly at the inlet and outlet of every 

major device. The first part of the analysis is to 

determine the specific enthalpy, specific entropy, 

specific exergy and exergy destruction rate of each 

point throughout the power plant. 

 

RESULTS AND DISCUSSION 

Similar to energy losses on 100% load, on 

60% load, the boiler seems to has the highest energy 

losses compared to other component with 137813.1 

kj/kg losses on 60% load and 232,014.12 kJ/kg of 

losses for 100% load. Boiler contributed 43.15% of 

energy losses of the total energy losses in the power 

plant. Other components did not appear to have the 

much effect on the energy losses except for 

condenser. Despite having lower energy losses than 

boiler, each condenser contributes 27.02% of the 

overall energy losses. The first law efficiency shows 

that the condenser has the lowest efficiency among 

all other components for both load with the 

efficiency of 75.35%.and 66.52% for 100% load and 

60% load respectively. The energy loss associated 

with the condenser are significant because it 

represents most of the energy input in the power 

plant. 

From table 3, it was found that the exergy 

destruction rate of the boiler is dominant for both 

load condition over all other irreversibilities in the 

cycle with the destruction rate of 63.30% for 100% 

load and 86.31% for 60% load. The boiler which the 

main source of heat in the power plant has the lowest 

exergy recovered from its process. Apart from that, 

condenser actually contribute only 10.87% from the 

total exergy lost in overall power plant despite 

having the lowest efficiency on the first law. For the 

second law efficiency, the boiler is having the worst 

percentage of efficiency for both load with only 

40.23% and 40.98% efficiency for 100% and 60% 

load respectively. 

 

 
Figure 1: Normalized power for each task correspond to 

specific direction. 

 

 
Figure 2: models between control condition 

 

CONCLUSION 

it was found that the exergy destruction rate of the 

boiler is dominant for both load condition over all 

other irreversibilities in the cycle with the 

destruction rate of 63.30% for 100% load and 

86.31% for 60% load. The boiler which the main 

source of heat in the power plant has the lowest 

exergy recovered from its process. 
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INTRODUCTION 

This study will use CFD method and 

ANSYS Fluent as a tool. CFD is the most popular 

method in thermodynamic-fluid application. The 

parametric analysis is conducted by modifying the 

elbow angle and shape geometry at the outlets of the 

automotive HVAC duct. Improvement parameter 

such as higher velocity and uniformity at the outlets 

of the duct is adopted to measure performance of the 

modified ducting geometry. Velocity and uniformity 

for each parametric cases need to be observed in this 

study 

 

METHODOLOGY 

Simplified geometry model of an 

automotive HVAC duct is created using CAD 

software. All dimensions are based on the actual 

ducting of Proton Persona car. Tetrahedral is 

selected as element type in meshing set-up. Then, 

grid Independence test was performed to obtain the 

suitable number of element while reducing the effect 

of mesh on the result. Parameters such as condition, 

type of solver, turbulence model, near wall treatment 

number of iteration and boundary condition need to 

be considered in CFD set-up. After that, validation 

process is conducted by using different turbulence 

model includes standard k-ε, Realizable k-ε, k-ε 

RNG, standard k-ω and k-ω SST. Parametric 

analysis is performed by varying the outlet shape 

geometry and elbow angle of the duct. 

 

RESULTS AND DISCUSSION 

Parametric study was carried out for six 

different cases. Analysis is done by observing and 

comparing the velocity at the outlets for each cases. 

. Uniformity at the outlets are also been observed by 

comparing the airflow velocity at different position. 

ANSYS FLUENT is used to obtain air flow and 

pressure distributions. Then, the comparison for all 

cases were examined in order to decide the best 

geometry configuration with uniform airflow and 

higher airflow velocity at the outlets of the duct.   

 As refer to Figure 1, Case 1, 3, 4 and 5 

indicate the higher velocity difference between 

outlets. It is shows that the outlet velocity are not 

equally distributed. Both analysis parameter need to 

be consider in order to improve the performance of 

the duct. Case 5 shows the highest airflow velocity 

at the outlet. But, these case has unsatisfactory 

uniformity at every outlet. Whereas, case 2 and Case 

6 indicate smaller velocity difference between 

outlets. However, outlet velocity for case 2 is slower 

compare to case 6. Hence, air flow velocity for both 

cases are equally distributed. Case 2 shows the 

smaller pressure difference. Nevertheless, pressure 

difference is not performance parameter in this 

study. Therefore, case 6 is the best geometry 

configuration to improve airflow velocity. Figure 2 

shows the geometry configuration for case 6. 

 

 

 
Figure 1: Airflow velocity comparison for all cases 

 

 
 
Figure 2: Geometry configuration for case 6 

 
CONCLUSION 

Combination of circular outlet with 65˚ 

elbow angle is offers higher airflow velocity and 

excellent outlets’ uniformity. Airflow velocity at the 

outlets are increased significantly with range 

between 4 to 9 percent compare to the baseline case. 

While the uniformity at the outlet 1, 2, 3 and 4 shows 

slightly difference which are 0.47 %, 1.29%, 0 % 

and 0.70 % respectively. Lower percentage 

difference indicates a good uniformity between 

outlets. 

 

REFERENCES 

[1] Shivanand, D. and Narendra, D. (2015). 

Numerical Simulation and Analysis of HVAC 

Duct. International Engineering Research 

Journal (IERJ), (2), 4878-4880. 

 

 

 

7

7.5

8

8.5

9

1 2 3 4 5 6

V
el

o
ci

ty
 (

m
/s

)

Case 

outlet 1

outlet 2

outlet 3

outlet 4



Procedia Undergraduate Mechanical Engineering Research 

Volume 1, September 2019 

156 
 

NUMERICAL MODELING OF CAVITY FLOW AT LOW REYNOLD NUMBER 

CONDITION 

Hussaini Mohd Marsidi and Nik Ahmad Ridhwan Nik Mohd 

School of Mechanical Engineering, Faculty of Engineering, 

Universiti Teknologi Malaysia, 81310 UTM Skudai, Johor, Malaysia 
 
INTRODUCTION 

Cavities occur in a large number of flight 

vehicles. High speed flows inside cavities are 

encountered in many aerospace application 

including weapons bays of combat aircraft as well 

as landing gears [1]. The vortex shedding propagates 

downstream will induce high-intensity oscillation at 

predominant frequencies. With the increase of 

emphasis on stealth operation of unmanned combat 

air vehicles and noise concern near airports, cavity 

flow attracted the interest of experimentations and 

computational fluid dynamics analysis to 

understand the behaviour of the flow inside a cavity 

[1,2]. 

 

METHODOLOGY 

This section presents the numerical setup 

for the simulation. We will be using K Omega SST 

and DES for this project. The first part of the project 

is the study on lid driven cavity. A two dimensional 

domain being tested as a benchmark study for flow 

in cavity. Reynold number of 100, 400, 1000 and 

3200 involved for this study. The contour, velocity 

and vortex of the lid driven cavity will be compared 

to Ghia et al [3] and Shankar [4] as validation study. 

The second part of the project is to simulate the 

result of experiment flow inside cavity of length to 

depth 2. The testing carried out in four different flow 

speed of 10 m/s, 15 m/s, 20 m/s and 25 m/s. The 

results such as pressure at the floor of cavity, 

pressure fluctuation, frequency and Spectral Density 

will be compared and analyse.  

 

RESULTS AND DISCUSSION 

Lid driven cavity produce different flow 

structure at very low Reynold number between Re 

100 to 1000. As the Re increase over 1000, another 

eddy is formed near the entrance of the cavity. The 

formation of eddies inside lid driven cavity become 

more consistent and the flow become near static 

formation with intensity variation. Thus provide us 

the insight that at the flow inside cavity does not the 

same between Re number. The higher intensity flow 

can induce another secondary flow that will produce 

eddies. Figure 1 shows the fourth eddies inside lid 

driven cavity that only formed in Reynold number 

higher than 1000. The flow inside cavity shows huge 

difference to the experimental results. K Omega 

SST cannot be used to study unsteady flow inside 

cavity as the model cannot capture the fluctuation of 

pressure inside cavity. DES in the other hand can 

capture pressure fluctuation inside unstead flow as 

the model has combined functionality of URANS 

and LES. DES result produce closer approximation 

to the experimental result. Figure 2 shown that K 

Omega SST cannot be used to analyse pressure 

fluctuation and bound to be not accurate. 

 

 
 

Figure 1: Lid driven cavity contour; the eddy at the top 

left of the cavity only be verified at Re 1000 and above 

Figure 2: Comparison amplitude vs. frequency 

simulation between (a)  DES and (b) K Omega SST 
 

CONCLUSION 

Lid driven cavity will produce different 

flow formation inside cavity based on Re. DES 

should be used instead of K Omega SST because it 

can capture the fluctuation of pressure inside cavity 

which is the most critical part of the study. The 

simulation should be done in three dimensional 

domain so it can be comparable to the experiment 

results as two dimensional domain is geometrically 

too limited to produce similar flow physics in cavity.  
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INTRODUCTION 

Wing shape is one of the main parts of the 

aerodynamic performance, so most of the 

aerodynamic shape optimization effort have been 

focused mainly on the wing [1]. In modelling a 

problem that involves the optimization of geometry 

and meshes, there is a few pre-processors that needs 

to be considered. Computational Fluid Dynamic, 

CFD in industry motivate the development of a 

design or product and also reduce the engineering 

cost with the desired accuracy and solution cost. 

After the creation of grid, a solver is able to solve 

governing equations of the problem. Generation of 

hyperbolic shape can be done through numerical 

method by construct an equation. 

 

EXPERIMENTAL SETUP 

The method used for validation studies on 

NACA4412 Airfoil and Hyperbolic wing are 

different. The studies on 2D is just to get the general 

idea of CFD meanwhile the main objective is to get 

CFD data on hyperbolic wing.  

 For NACA4412 98000 Mesh Elements has 

been introduced with Spalart-Allmaras turbulence 

setup has been introduced meanwhile for 

Hyperbolic Wing, 2Million of Elements with LES 

turbulence setup has been introduced. 

 

RESULTS AND DISCUSSION 

At the end of the method used, a set of 

results are captured. The main data on hyperbolic 

wing shape with reduced frequency, k parameters is 

introduced. The data taken is from -5° to 5° angle of 

attack. Harmonic motion for full 1 cycle has been 

selected to study the trend on the change of Cl in 

Figure 1 and Cd on Figure 2. 

 The data shows that the increment in the 

reduced frequency condition leads to more unsteady 

state. However, as the reduced frequency increased, 

the value of lift and drag also increased. Therefore, 

if the harmonic motion is introduced with more 

parameters introduced, high lift with less drag wing 

can be performed. For instance, introduced flap on 

wing and type of materials of the wing. 

 The data also proved that at less reduced 

frequency, the results may be almost constant with 

the static point results where the aircraft is in steady 

state. The forces needed also decreased in order to 

control the aircraft at low reduced frequency.  

 

 
Figure 1: Graph of CL vs AOA in Harmonic 

Motion 

 

 
Figure 2: Graph of CD vs AOA in Harmonic 

Motion 

 

 

CONCLUSION 

I have extracted from this simulation on how the 

new hyperbolic design from CRM model can be 

enhanced the limitation of the wing with more 

aerodynamically shape. 
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INTRODUCTION 

The study of gust effect on aircraft have 

been an important subject in the aeronautic industry. 

This is due to the fact that the sudden fluctuation of 

wind speed affects the performance of aircraft. Past 

studies conducted on 2D airfoil shows the effect on 

the lift and drag when subjected in gust. The study 

is conducted to evaluate the performance of UTM 

CAMAR UAV when subjected in a vertical gust 

oscillation at various reduced frequency. 

 
EXPERIMENTAL SETUP 

This section presents the settings for the 

simulation. Gust is generated by using the relative 

motion of UAV oscillating in vertical axis in a free 

stream velocity. The vertical oscillation creates the 

same effect of gust attack as the velocity attacks the 

UAV in one complete sinusoidal shape. The 

boundary conditions were taken from [1]. The 

oscillation is controlled using a UDF which is 

governed by angular speed and angular frequency. 

 
RESULTS AND DISCUSSION 

`To evaluate the performance of UTM 

CAMAR UAV, graphs of lift and drag coefficient is 

plotted against angle of attack. The angle of attack 

represents the amplitude of gust when in contact 

with the UAV. Figure 1 shows that at the maximum 

amplitude or angle of attack, the lift is the highest 

while the drag is the lowest. However, the study 

conducted in [1] shows that the drag should also 

increase with the angle of attack. The inaccuracy of 

the data might be due to the absence of grid 

independence study. According to [2], the grid 

independency test is done to precisely determine the 

grid size to produce an accurate result. 

Figure 2 and 3 shows a comparison of 

performance of UAV when subjected in different 

reduced frequency. According to the graphs, higher 

values of reduced frequency will affect the 

performance of UAV at faster rate. This is because 

the frequency also increases with the increase of 

reduced frequency 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Graph of coefficients vs angle of attack. 

 

 

 
 

 

 

 

 

 

 

 
Figure 2: Graph of drag coefficient vs time step at 

different reduced frequency 

 

 

 

 

 

 

 

 

 

 

 
Figure 3: Graph of lift coefficient vs time step at 

different reduced frequency 

 

CONCLUSION 
The performance of UTM CAMAR UAV is 

determined using the data on lift and drag 

coefficient. Gust affect the aircraft by increasing its 

lift and decreasing its drag at maximum gust 

amplitude. Gust affect last longer at lower reduced 

frequency because the frequency is lower. 
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INTRODUCTION 

Computational fluid dynamics (CFD) is 

very useful tool to predict the flow of air pattern of 

a building in urban area. The goal of this study is to 

find out the air flow similarity around a cube by 

changing into 3 scale: small, medium and full scale. 

A model scale, 1:150 ratios, from Agricultural 

Institute of Japan will be our subject and will be 

validate using the CFD simulation. From there we 

scale up into 1:60 and 1:1. We going to use the 

velocity profile, Turbulent Kinetic Energy and 

Dissipation Rate from AIJ for scale up cases, but 

manipulate it to fit with urban environment. 

 

EXPERIMENTAL SETUP 

o Validate Architectural Institute of Japan 

case 1:1:2 result with Computational Fluid 

Dynamic simulation result  

o Analyse airflow pattern between 3 

different scale  

o To study the similarity in kinematic flow of 

the 3 cases  

 
Figure 1: Flow chart of validation 

 

 
Figure 2: Flow chart of analysis 

 

 Table 1: Geometry 

 

RESULTS AND DISCUSSION 

 
Figure 3: Validation at x/b = -0.75 

 

 
Figure 4: Chart of length for each scale from front region 

of building 

 

CONCLUSION 

o 11% error  

o Same pattern between scales  

o Similarity followed, can have similar 

airflow different scale  
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INTRODUCTION 

Through Silicon Via (TSV) is a vertical 

electrical connection that passes completely through 

a silicon wafer or die. It becomes one of the 

mainstreams of the packaging industry because it 

has many advantages such as high density, better 

electrical performance and lower power 

consumption[1]. Unfortunately, the CTE value of 

copper and silicon is very big and causes thermo-

mechanical stress happens and cause several issues 

concerning yield loss and decreased reliability[2]. 

Nickel and palladium have introduced to become the 

underlayer and thermal aging test is done to 

investigate the effect on thermal aging to the sample.  

 

EXPERIMENTAL SETUP 

The experiment starts with pre-treatment the 

silicon wafer. After that, coat the silicon wafer with 

palladium and copper to become Pd-Cu layer and 

then nickel and copper to become Ni-Cu layer. The 

coating method that use is electroless deposition 

method and the deposition time is 60 minutes. Next, 

the sample is undergo thermal aging process under 

temperature 150⁰C with vary aging time (0, 1, 3, 5, 

100 hours) according to JESD22-A108C standard. 

Lastly, after the thermal aging test is done, 

characterization (surface and cross sectional 

analysis) and performance test(four point probe test) 

are done on the sample.  
 

RESULTS AND DISCUSSION 

The result obtained from this study is the 

longer the aging time, the higher the amount of 

oxide presence on the surface of the sample. This is 

due to oxidation process happened when the thermal 

aging is done on the sample. From cross-sectional 

analysis it is observe that the thickness of Ni-Cu 

coating is increasing until 5 hours and decrease at 

100 hours. While for Pd-Cu coating, the average 

thickness is decreasing as the aging time increasing. 

The increasing and the decreasing of coating 

thickness demonstrate that intermetallic diffusion 

was taking place on nickel-copper layer towards 

other layers.  

Figure 26 shows, the diffusion thickness 

before thermal aging test for Pd-Cu layer and Ni-Cu 

layer is same, 1.5µm and as the aging time increase, 

the diffusion thickness also increases. The diffusion 

thickness of Ni-Cu layer is increasing gradually 

from 1.5µm before thermal aging to 4µm after 1 

hours and 3 hours. While the diffusion thickness of 

Pd-Cu is only slightly increase from 1.5µm to 2µm. 

This is because, the palladium coating is too thin to 

resist the diffusion between silicon and copper.  

 
 

Figure 26: Graph of diffusion thickness vs aging 

time. 

While for four point probe test, it is observe 

that the resistivity of Pd-Cu layer and Ni-Cu layer 

before thermal aging is almost the same but after the 

thermal aging test is done, the resistivity of Pd-Cu 

layer gradually increase compare to Ni-Cu layer that 

just slightly increase. The resistivity increases as the 

aging time increase. this is because, the presence of 

oxide layer that act as insulator and make the 

resistivity become high. 

 
 

Figure 27: Graph of resistivity vs aging time. 

CONCLUSION 

19. As a conclusion, as the aging time increase, 

the diffusion thickness of Ni-Cu layer is thicker 

than Pd-Cu layer and the thickness of the coating 

will decrease as the aging time increase.  
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INTRODUCTION 

Over recent years, the demand on 

renewable energy shows an explosive growth of 

interest in the world. In the past few decades the 

development of new battery technologies and 

system has been a strong issue to meet the demands 

of high safety, low cost, sustainable and green 

energy[1]. The usage of seawater as main resource 

in seawater battery become most applicable sources 

because its contain sodium and chlorine 

ions[2].Basically, a battery must have two different 

metals connected together in electrolyte solution and 

produced current flow by redox reaction. 

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for the system. Three electrode was used 

which are magnesium, zinc and carbon. Two set of 

battery was developed from combination of Mg-C 

and Zn-C electrodes consist of 12 cell each.  

The cell electrodes is connected in series 

arrangement then wire from anode and cathode 

terminal is connected to torchlight to determine the 

ability of battery to light up the torchlight. Another 

wire then connected to resistor and Arduino to 

measure the battery voltage at 0, 4 and 8 hour.  

 

MATERIALS CHARACTERIZATION 

Microstructure of electrodes has been 

characterized by Scanning Electron Microscope 

(SEM), Energy Dispersive X-ray (EDX) and X-ray 

powder diffraction (XRD) while inductively 

coupled plasma-mass-spectrometry (ICP-MS) is 

used to trace element in seawater. 

 

RESULTS AND DISCUSSION 

At 0 hour, microstructure of magnesium 

shows net-like shape of pure magnesium. The 

microstructure of zinc shows a bunch of strip line 

across the sample with containing zinc, iron and 

carbon. Carbon for both battery set has small amount 

of white precipitate and black area represent carbon, 

silicon and oxygen. 

After 4 hour, magnesium surface are 

partially covered with white precipitate where new 

element existed which are chlorine and oxygen. The 

microstructure of zinc still shows bunch of strip line 

with new element found on which are sodium and 

oxygen while carbon for both set shows existences 

of new element which are chlorine, zinc and oxygen. 

At 8 hour, magnesium surface are almost 

fully covered by precipitate layer compose of 

chlorine, oxygen and calcium. There are a lot of 

white spherical dot on zinc surface shows the 

increment of sodium and oxygen composition. The 

white precipitate dominates on carbon of both 

battery set shows the incremental of oxygen and 

chlorine. 

XRD results shows no much different in 

phase for all electrodes where XRD pattern match to 

pure magnesium, pure zinc and pure carbon graphite 

phase from 0 to 8 hour  

Figure 1 shows the comparison of voltage 

reading between two battery set. 

  

 
Figure 1: Voltage reading between Mg-C and Zn-C cell. 

  

CONCLUSION 

The microstructure of electrodes from 2 set of 

battery does not shows much changes across 8 hour 

with no changes in materials phase crystalline 

structure. Carbon and magnesium electrodes shows 

better performance with 2.53V and contains safe 

level of concentration of metals particles in the 

electrolyte. 
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INTRODUCTION 

Through Silicon via (TSV) is a high 

performance interconnect techniques used as an 

alternative to the traditional way of wire bond and 

flip chips. This TSV create a 3D packages and 3D 

integrated circuits. The advantages of using TSV is 

the device density is substantially higher, and the 

length of the connection become shorter [1]. 

Mechanical stress developed coefficient thermal 

expansion (CTE) mismatch between copper (Cu) 

and dielectric material such as silicon (Si) substrate 

with the value of CTE 17 ppm/˚C and 2.8 ppm/˚C 

respectively. Because of the mismatch it can cause 

it to be weak and physical damage in the substrate. 

The induced stress can also affect the performance 

of transistors that are within its range of influence 

[2]. This research was conducted to study the effect 

of concentration on Ni (13 ppm/˚C) deposited as an 

underlayer between Cu filler and Si substrate. 

 

EXPERIMENTAL SETUP 

Initially, the first batch only deposited with 

Ni. Then the next batch are made by deposits with 

Ni and followed up with Cu. At the end of the 

electroless Ni and Cu deposition process, 

characterizations is done and test were conducted. 

The sample will be analyse under Scanning Electron 

Microscope (SEM), optical microscope and 

Electron Diffraction X-ray (EDX) for 

microstructural analysis such as cross-sectional 

analysis, surface analysis and chemical composition 

analysis. Both samples of Si wafer deposited with Ni 

and the sample of Si wafer deposited with Ni then 

Cu will be go through the four-point probe test to 

check for resistivity of the deposited material. 

Sample of Si wafer that have been deposited with Ni 

will undergo adhesion test. This test was carried out 

to investigate and label the adhesive strength of the 

Ni layer that have been deposited on the Si wafer. 

 

RESULTS AND DISCUSSION 

Figure 1, it shows that as the duration of 

electroless Ni deposition process carried out 

increase, the thickness of Ni plated on the Si wafer 

also will be increases. For the parameter of 

concentration, at the range concentration of plating 

bath between 4g until 8g, the thickness of Ni plated 

seems to be increase over the time steadily and 

constant. At the concentration of 12g for plating 

bath, the thickness shows less in value compare to 

the other. The increment is very small as it reaches 

the 60 minutes’ mark. The highest value for 

thickness of the Ni plated is recorded at 

concentration of 4g for 60-minute duration of 

electroless Ni deposition process carried out which 

is 8.3μm. At 4g it displays that the rate of electroless 

Ni deposition process is very high compare to 

concentration at 8g and 12g. During the 

concentration of 12g, it shows the lowest value in 

the thickness of Ni plated over the time. This also 

indicate that the rate of electroless Ni deposition was 

very low at high concentration. During the 

experiment of electroless Ni deposition was 

conducted at 8g and 12g, the condition of beaker 

was different compare to the other. The condition of 

the beaker during 4g shows a very good condition 

after plating. It is different condition happen for 8g 

and 12g, after electroless deposition for 40 minutes 

and 60 minutes, the nickel bath inside the beaker 

starts to produce muddy bath and some of the nickel 

is deposited on the beaker. 

 
Figure 1: graph of thickness of Ni plated against the 

duration of electroless deposition process. 

 
CONCLUSION 

Nickel has successfully deposited on the Si 

wafer using various concentration of Nickel bath. 

The effect of concentration of plating bath on Ni 

deposited can be seen as the concentration increases, 

the Thickness of Ni deposited will also increase. 

Unfortunately as it is for 12g, the deposition rate of 

Ni decrease due to fact that the Ni will have 

tendency to deposit on the beaker instead of the 

sample and produce muddy bath.  
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INTRODUCTION 

 Corrosion is the interaction between a 

material and environment to which it is exposed [1]. 

DCVG device is used to detect corrosion in 

underground pipeline protected by ICCP system by 

measuring the potential shift between two electrodes 

in contact with the soil [2]. By measuring the pipe-

to-soil potential (potential shift) %IR can be 

calculated and then the size of coating defect can be 

predicted from the %IR drop value. However, there 

is no standard document prepared by DCVG 

manufacturer to correlate the %IR drop to the defect 

size. The only information that they have from 

manufacturer is ‘5% IR drop equal to10𝑐𝑚2’ of 

defect size. In this project we will focus on pipe 

signal, OFF potential and ON potential which is 

main parameters in pipe-to-soil potential. 

 

EXPERIMENTAL SETUP 

This experiment was conducted in two 

pipeline buried in different type of soil with different 

soil resistivity. The pipelines is prepared with16𝑐𝑚2 

of defect size. For each pipeline data taking process 

was conducted twice which is with and without 

variable resistor in the connection.  

After DCVG survey conducted, OFF 

potential and ON potential is recorded 

automatically. While, pipe signal can be calculated 

manually. 

 

RESULTS AND DISCUSSION 

For the relation between %IR drop and pipe 

signal, pipeline 1 measure without resistor %IR drop 

reduced exponentially and eventually become 

constant. 

𝑦 = 3.6803 + 6.3535𝑒𝑥𝑝 [
−(𝑥 − 40

28.857
] 

 
 For the pipeline 1 with resistor connected 

to the circuit, the %IR drop is always constant . 

For the second pipeline buried in fine sand, 

the relation for without resistor it follows: 

𝑦 = 0.90993 + 0.8463𝑒𝑥𝑝 [
−(𝑥−172)

624.7
]  

 
 For pipeline 2 with resistor it give constant 

value of %IR drop. 

OFF potential is important for assessment 

of CP system as it depends on polarization value [3]. 

The relation between %IR drop and OFF potential 

for pipeline 1 without resistor is: 

𝑦 = 3.7801 + {74.287

/ (1 + 𝑒𝑥𝑝 [
(−0.93006 − 𝑥

0.012876
])} 

For pipeline 2 without and without resistor 

it changes polynomially. 

 

Without resistor: 

𝑦 = 29.367𝑥2 + 75.427𝑥 + 49.247 
 

With resistor: 

𝑦 = 8.6907𝑥2 + 21.851𝑥 + 14.343 

 
ON potential is a potential value that depends on the 

voltage input of DCVG. From the results of this 

experiment, for pipeline 1 without resistor the %IR 

drop reduced exponentially. 

𝑦 = 3.545 + {112.16

/ (1

+ 𝑒𝑥𝑝 [
(−0.76549 − 𝑥)

0.06164
])} 

 

For with resistor, the %IR drop remain 

constant as OFF potential changes. 

 For pipeline 2, without resistor the %IR 

drop reduced exponentially: 

𝑦 = 091833 + {0.88491

/ (1 + 𝑒𝑥𝑝 [
−0.751 − 𝑥

0.080459
])} 

 
While with resistor in connection, the %IR 

remain constant as OFF potential changes. 

For all the relation y represents %IR drop, x 

represents pipe signal or OFF or ON potential. 

 

CONCLUSION 

In conclusion, all these three parameters 

will affect the %IR drop. However for different 

parameters it effect the %IR drop differently with 

one another. 
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INTRODUCTION 

Nowadays, the modern technology are  

getting advanced from time to time throughout this 

globalization era especially in the engineering field. 

Through Silicon Vias (TSV’s) are holes created 

polymer in a silicon wafer that undergoes an etching 

process. It is a type of via (vertical interconnect 

access) connection that used in microchip and 

manufacturing engineering that passes completely 

through a silicon wafer [1]. Mismatch will occur 

over the time due to the development of internal 

stress between the layer of Cu filler and Si, when the 

Cu with CTE value of 16.7x 10−6/K were directly 

deposited to Si which has 3.0x 10−6/K value of CTE 

Ni is the suitable material to be deposited as an 

underlayer between Cu and Si in order to avoid the 

bad results to happen  Palladium also can be used as 

a soldering preservative and as a barrier inner layer 

in applications where it is plated directly onto 

copper circuitry [2]. 

 

EXPERIMENTAL SETUP 

Pre-treatment process of the Si-substrate 

been carried before undergoes the electroless 

deposition process of Ni, Pd and Cu deposited ith Ni 

and Pd.  

The surface morphological analysis (SEM 

& EDX), the cross sectional analysis (SEM & 

EDX), adhesion test (ASTM D3359) and the 

electrical resistivity test (Four point probe test) been 

carried out to test the performance and behaviour of 

the coating. 

 

RESULTS AND DISCUSSION 

The research was conducted to study and 

compare the characteristic of both (Ni and Pd) 

underlayers. The electroless Ni process has been 

established and the optimum plating parameter was 

used in this study. For electroless Pd, various plating 

bath temperature (55 ̊ C, 40  ̊ C, 35  ̊ C) and the 

deposition time (30, 45, and 60 mins) were studied. 

 

 

 

 

 

 

Figure 1: The thickness of the metallic 
underlayers deposited on the Si substrate. 

 

 
Figure 2: The average resistivity of the deposited under 

layers 

 
CONCLUSION 

In conclusion, electroless is not suitable process to 

deposit sufficient thickness of uniform Pd 

underlayer. 
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INTRODUCTION 

An impressed current system uses a power 

source to force current from inert anodes to the 

structure to be protected [1]. Direct Current Voltage 

Gradient (DCVG) is the most effective method to 

monitor the defect of underground pipeline 

protected by ICCP system. The defect can be 

detected by the value of %IR drop. The only 

information provided by the manufacturer of DCVG 

is 5% of %IR drop equals to 10cm2. Calculated %IR 

drop cannot give accurate of defect size. There are 

several parameter in DCVG survey such as %IR 

drop, pipeline-to-soil potential and soil resistivity 

[2]. The main purposes are to measure coating defect 

size of the underground pipeline protected by ICCP 

system and to correlate between soil resistivity and 

pipe to soil potential with %IR drop. 

 

EXPERIMENTAL SETUP 

Direct Current Voltage Gradient (DCVG) 

survey are used to measure the pipeline to soil 

potential and the location of the defect coating on 

the buried pipeline. The Impressed Current Cathodic 

Protection (ICCP) system used to protect the buried 

pipeline from corrosion. This project is an extension 

of the project conducted by the previous student [4]. 

She provided the site and buried both pipelines with 

installed ICCP. 

 

RESULTS AND DISCUSSION 

Figure 1 shows the value of %IR drop of 

pipeline 1 decreases sharply as the pipe signal 

increase before it turns to constant. This decreases 

in range between 40 mV to 800 mV. Pipeline 2 also 

shows the slightly decreases in range between 172 

mV to 1681 mV. So, this can be conclude that the 

%IR drop at the pipe signal below than 800 mV of 

both pipelines are having decreases of pipe signal 

then after 800 mV, %IR drop will having a constant 

value. 

Figure 2 for OFF potential graph, both of 

trend line pipeline 1 and pipeline 2 could be said 

constant with increases of negative value of OFF 

potential. However, it is only acceptable when the 

pipeline 1 is above -1.11V and pipeline 2 is above -

1.17V because at this value the pipe signal value has 

reach 800 mV and above. 

 Figure 3 for ON potential graph, both 

pattern line shows constant with increases of 

negative value of ON potential. However, it is only 

be acceptable when pipeline 1 is above -4.32V and 

pipeline 2 is above -2.84V because at this value the 

pipe signal value has reach 800 mV and above. 

Basically, case of %IR drop with ON potential 

almost same with %IR drop with pipe signal. Based 

on the graph of %IR drop vs pipe signal, the graph 

can be say that ON potential be main data for pipe 

signal 

 

  
Figure 1: Effect of %IR drop with pipe signal. 

 

  
Figure 2: Effect of %IR drop with OFF and ON potential 

 

CONCLUSION 

%IR drop value is high when the soil 

resistivity is low as the Pipeline 1 which is 25 660 

ohm cm compare to Pipeline 2 that is 41 100 ohm 

cm. The %IR drop will be varies depending on the 

soil resistivity and pipe to soil potential data at the 

defect location. Larger than 800mV of pipeline to 

soil potential gives more reliable information based 

on constant value of %IR drop. The value obtained 

gives more information to the standard set by DCVG 

where %IR drop of 5% is equivalent with 10 cm2 of 

defect size. 
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INTRODUCTION 

 Solar heating system is one of the 

applications for solar energy. In the solar collector 

has a component that absorber plate that use for 

absorbing solar radiation. The efficiency of the solar 

absorber is cruel to make solar heating system 

working effectively[1]. The efficiency of conversion 

solar radiation into heat energy can be characterized 

by the capacity of the solar device to absorb solar 

radiation and minimize thermal back radiation.  

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for the research. The substrate for this 

experiment is carbon steel. The dimension for the 

sample is 2×4cm. Samples will be going pre-

treatment before conducting electroless nickel 

plating. Bath solution consists of nickel sulfate as 

source of nickel ion, sodium hypophosphite as 

reducing agent, sodium citrate and sodium acetate. 

Operation condition is constant pH at 4.5. deposition 

temperatures are 750C, 850C and 950C. At each 

temperature consist of three deposition times that are 

one, two and three hours. After that, sample will be 

etch using 9mol L-1 nitric acid at room temperature 

and without stirring for 40s. 

 Samples will be characterized by scanning 

electron microscope (SEM), energy dispersive X-

ray (EDX), powder X-ray diffraction analysis 

(XRD) and optical microscope. The performance of 

the sample is tested by visible-near infrared to study 

the reflectance and absorptance of spectrum.  

 

RESULTS AND DISCUSSION 

 The surface morphology analysis was 

conducted by scaning electron microscope (SEM) to 

study the surface morphology of nickel deposit 

layer. 

 

 
Figure 1: Graph of deposition time versus coating 

thickness 

 According to surface morphology by SEM, 

all sample at three temperature show a successful 

coating. Unsuccessful coating is measure by visual 

observation when the surface of coating is not show 

silver surface. Phosphorus content from EDX is 7% 

which is medium phosphorus[2]. Figure 1 shows 

that the coating at 750C is a slow deposition rate 

compare to others temperature. 850C show the 

fastest deposition rate until two hours because 

unstable bath was occurred at three hours deposition 

time. 950C show the medium deposition rate and 

unstable bath was occur at early two hours 

deposition time. The thickness of coating affecting 

the etching for blackening process. The thinner the 

coating, the severe the acidic attack on the coating. 

Active acidic attack is good for blackening process. 

 Figure 2 show the performance of the 

samples based on fixed deposition time at three 

hours. All samples show a good absorption by 

having below 10% reflectance. 

 

 
Figure 2: Graph of %reflectance against wavelength 

CONCLUSION 

 The study shows a positive result for 

coating process. Temperature at 850C is the fastest 

deposition rate of electroless nickel plating. 

However, for blackening process, etching at 40s is 

fail to produce black surface but the sample start to 

change into black surface at 2 minutes etching time. 
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INTRODUCTION 

Solar collector is the major and most 

important part in solar thermal technology [1]. Solar 

collector plays an important role in ensuring the 

functionality of the solar thermal technology used. 

Basically, the function of this component is to 

absorb solar radiation and converts it to thermal 

energy and transfer it to the working fluid in the 

system [2]. From previous study that conducted, it is 

found that electroless deposited Ni-P coatings can 

be blackened and have the potential to be as a 

selective surface. Electroless nickel-plating is a 

plating method that do not required electrical power. 

he benefits of using EN-P are improve in corrosion 

resistance, wear and abrasion resistance, 

microcrystalline deposit and high hardness [3]. In 

EN-P, black surface can be obtained by performing 

surface treatment on the substrate. The surface 

treatment for surface blackening is called the black 

treatment [4]. According to Takadou et al., the black 

treatment can be done by etching the electroless 

plating nickel in oxidizing acid solution [4]. By 

performing black treatment on the electroless 

deposited nickel, the optical properties of the 

substrate when it is to be used for solar application 

will increase [4]. 

 

EXPERIMENTAL SETUP 

The experiment was carried out by first 

performing electroless nickel plating (EN-P) on the 

substrate (carbon steel). Pre-treatment was 

conducted prior to the plating process. This is to 

ensure uniform coating can be obtained on the 

substrate. After pre-treatment, some sample will be 

kept uncoated while some will be coated by using 

EN-P at constant parameter.  

The plated sample are then taken for 

blackening process. Finally, all the prepared sample 

will be analysed in term of characterization and 

performance. 

 

RESULTS AND DISCUSSION 

For characterization test, the surface 

morphology was observed by using SEM with 

15.0kv and 2.00k magnification. From this test, t is 

found that severe chemical attack occurred when 

higher concentration of acid is used. For EDX 

analysis, it is found that the element composition on 

the coating will be differ as the concentration varied. 

On the other hand, from cross sectional analysis, it 

is observed that. the coating thickness will be 

decreasing as the acid concentration and immersion 

time increase. This analysis was performed using 

optical microscope and SEM. 

 To study the effect of the etching parameter 

towards the performance of the samples, the 

percentage of reflectance of the sample are tested 

using UV-Vis. From this test, it is found that, all 

sample except raw sample (bare steel) give 

reflectance below 10%. The graph  showing this 

result is shown in Figure 1. 

 

 
Figure 1: UV-Vis result on reflectance 

 

CONCLUSION 

The effect of varying the acid etching concentration 

and immersion time during blackening process of 

EN-P sample are studied in term of characterization 

and performance. However, to obtain more accurate 

and precise result, a thorough experiment on this 

topic should be conducted. 
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INTRODUCTION 

Recently, researchers studied on 

development of engines with good fuel 

consumptions which is low consumption [1]. The 

main reason of the study is because resources of fuel 

especially petrol decrease ultimately [2]. Hence, an 

action needs to be taken to produce an engine with 

low fuel consumption but high performance. 

However, by having engine with low fuel 

consumption, it will decrease the performance of 

engine [3]. Optimization process need to be done in 

order to find the optimum setting of engine which 

can satisfy both conditions where it consume low 

fuel but enhance engine performance [4]. The 

problem is number of studies done in optimizing the 

engine parameter setting to optimize fuel 

consumption and engine performance 

simultaneously is low. Hence, this study is to find 

the significant figure which affect turbocharged 

engine performance and fuel efficiency, also to 

optimize the turbocharged engine setting to enhance 

both engine performance and fuel efficiency, 

simultaneously, in the studied region. 

 

METHODOLOGY 

The determination of significant 

parameters was done through literature review, and 

measurement of standard range of the parameters 

was collected. Design of experiment was developed. 

Data of responses were collected via engine 

calibration process experiment. The optimization 

was then done by using Design Expert software. The 

technique that had been used Central Composite 

design. After the result had been obtained, 

confirmation run was done in order to verify the 

model produced. 

 

RESULTS AND DISCUSSION 

From the previous researches, the most 

significant parameters of turbocharged engine that 

influenced the engine performance and fuel 

efficiency were determined which are ignition 

timing, variable valve timing and wastegate 

solenoid DC. In the optimization processes, three 

different results were produced which are optimized 

parameters for maximum engine performance, 

optimized parameters for minimum fuel 

consumption, and optimized parameters for both 

maximum engine performance and minimum fuel 

consumption. Central Composite Design analysis 

has yielded the optimized parameters for maximum 

engine performance, minimum fuel consumption, 

and maximum engine performance and minimum 

fuel consumption, simultaneously. The result of the 

optimized parameters is shown in the Table 1. 

Table 6: Optimized Parameters 

 Max. EP 
Min. 

FC 

Max EP 

& Min 

FC 

Optimized 
Parameter 

Ignition 

Timing 

(°bTDC) 

20.016 25.394 26.000 

VVT 

(°bTDC) 
13.686 25.973 10.000 

Wastegate 

DC (%) 
16.221 29.651 25.944 

Optimized 

Result 

EP (Nm) 126.107 - 123.938 

FC 

(kg/hr) 
- 7.891 7.923 

 

 
CONCLUSION 

 As a conclusion, the significant parameters 

had been identified. We also had optimized the 

significant parameters of the turbocharged engine so 

that it can enhance the engine performance and fuel 

efficiency of the automobile. 
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INTRODUCTION 

Air intake system plays an important role 

in ensuring the engine performance and fuel 

efficiency of an automobile due to its function to 

provide sufficient amount of air to perform a 

complete combustion[1]. One of the most important 

components of air intake system is an airbox which 

helps to suck in sufficient amount of a good quality 

air. The performance of airbox can be influenced by 

the location of filter and the geometry of airbox [2]. 

The higher the volumetric efficiency of an airbox, 

the higher the engine performance which will 

eventually increases the fuel consumption [3]. 

However, up to this date and our knowledge, there 

no researches done on optimizing an airbox design 

that will contribute to improvement of engine 

performance and fuel efficiency. Therefore, the 

optimized parameters in designing an airbox should 

be studied in order to satisfy both condition. 

 

METHODOLOGY 

We designed a flow simulation of engine 

by using AVL Boost software. The determination of 

significant parameters was done through literature 

review, and measurement of standard range of the 

parameters was collected. Design of experiment was 

developed. Data of responses were collected via 

simulation by using AVL Boost software. The 

optimization was then done by using Design Expert 

software which adopted response surface 

methodology. The techniques that had been used are 

Box-Behnken analysis and Central Composite 

design. After the result had been obtained, 

confirmation run was simulated in order to verify the 

model produced. 

 

RESULTS AND DISCUSSION 

From the previous researches, we found out 

the most significant parameters that influenced the 

performance of airbox are diameter of inlet or 

snorkel, volume of airbox, diameter of throttle body 

and length of intake runner. In the optimization 

processes, we came out with three different results 

which are optimized parameters for maximum 

engine performance, optimized parameters for 

minimum fuel consumption and optimized 

parameters for both maximum engine performance 

and minimum fuel consumption. Box-Behnken 

analysis had yielded the optimized parameters for 

maximum engine performance and maximum 

engine performance and minimum fuel 

consumption, simultaneously. In order to find 

optimized parameters for minimum fuel 

consumption, Central Composite design had been 

adopted with two significant factors which were 

diameter of throttle body and volume of airbox. The 

lowest possible value used for the diameter of 

throttle body is 32mm [4]. The result of the 

optimized parameters is shown in the Table 1. 

 
Table 7: Optimized Parameters of an Airbox 

 
 
CONCLUSION 

 As a conclusion, the significant parameters 

had been identified which are diameter of inlet or 

snorkel, volume of airbox, diameter of throttle body 

and length of intake runner. We also had optimized 

the significant parameters of the airbox geometry in 

order to enable us to enhance the engine 

performance and promote low fuel consumption. 

The successful of this study can contribute to a new 

design of airbox geometry that will improve the 

engine performance and fuel efficiency of an 

automobile. 
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INTRODUCTION 

The automotive industry is currently 

experiencing pressures due to the fluctuation of gas 

price. This is going to be a year unlike many, where 

you’re going to see gas prices fall and rise [1]. 

Nowadays, people are demanding on having a good 

fuel economy car that can give a better performance. 

In Malaysia, it is critical for drivers in a town area 

where people have to faced traffic`s condition. 

Design of engine components, measuring and 

control methodology of the parameters are very 

important to improve the engine capabilities [2]. Up 

to this date, there is no study on design of intake 

manifold for NA engine that consider two responses 

which are engine performance and fuel consumption 

for the optimization process. As we know that, both 

of the responses are having inversely proportional 

relationship, so we need to find a condition which 

satisfy for both responses. 

 

EXPERIMENTAL SETUP 

This section presents the methodologies of 

this study. The parameter involved were determined 

by finding the factors that affects both engine 

performance and fuel consumption through previous 

case study and brainstorming with related officer. 

The selected parameters were Runner Length (A), 

Runner Diameter (B), Plenum Volume (C), and 

Surface Roughness (D). Necessary steps have been 

taken involving Design of Experiment (DOE) to 

find the optimum result for all the factors that have 

been selected. Box-Behnken Design (BBD) is used. 

The data of torque and fuel consumption are 

obtained from the 1Dimensional Computational 

Fluid Dynamic (CFD) on AVL Boost software. 

Then the collected data were analysed using Design 

Expert software. 
 

RESULTS AND DISCUSSION 

This section presents the results of this 

study. Within the range studied, the optimized 

parameters value for maximum engine performance 

and minimum fuel consumption was runner length; 

200.00mm, runner diameter; 33.56mm, plenum 

volume; 0.5L, and surface roughness; 0.15µm. The 

value for maximum engine performance and 

minimum fuel consumption was 99.541Nm/rpm and 

8.8652x10-4kg/s respectively. Confirmation run was 

conducted and the percentage error were less than 

10% shows that the data is valid to be used. Then, 

new model of intake manifold with optimum 

parameters was developed using NX8.0. Apart from 

that, selection of materials and manufacturing 

process also had been done in this study. Polyamide 

and injection molding had been identifying as the 

best material and manufacturing process for the 

development intake manifold. Figure 1 visualize the 

model of optimized intake manifold. 

 

 
Figure 1 : Model of optimized intake manifold 

 

CONCLUSION 

As a conclusion, the significant parameters 

had been identified. We also had optimized the 

parameters of the intake manifold geometry so that 

it can enhance the engine performance and at the 

same time has a good fuel economy. 
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INTRODUCTION 

  The world is getting bigger day by day as 

the world energy demand is predicted to increase 

The society starts to realize that the fossil fuels are 

declining due to the overly usage and demand 

around the globe. Thus, the potential alternative of 

fossil fuels such as biodiesel production is explored 

to meet the necessary of domestic and industrial 

economies. Biodiesel can be produced edible and 

non-edible feedstocks such as waste cooking oil 

(WCO). Edible feedstocks such as edible oils like 

palm oil, canola oil and more will be great for 

making biodiesel but continuous and large-scale 

production of biodiesel from edible oil will disturb 

the food supply chain and cause in balance as it has 

high demand from food industry as well as biodiesel 

industry. In order to overcome this problem, 

switching from edible feedstocks to non-edible 

feedstocks such will be a great solution to this 

problem [1] and concurrently the analysis of 

optimum condition based on parameter effect to 

produce the biodiesel. The response surface 

methodology (RSM) will be used for the 

optimization process by using appropriate 

procedures [2] from yield of fatty acid produce from 

non-edible feedstocks. 

 

METHODOLOGY AND EXPERIMENTAL 

SETUP 

The method of biodiesel production used is 

transesterification process of experiment. This 

process will convert waste cooking oil into 

biodiesel, and it involves three variables such as 

potassium hydroxide, methanol and temperature. 

The optimization methodology of biodiesel 

is made using response surface methodology (RSM) 

approach. The design of experiment (DOE) used is 

central composite design rotatable type with the use 

of first order model and second order model. 

 

RESULTS AND DISCUSSION 

Based on the experimental data conducted, 

the analysis of variance (ANOVA) was obtained by 

using second order model generation as shown in 

Table 1. From Table 1, the model is significant, and 

confirms the second order model can be applied in 

this result and the lack of fit is not significant, that 

means data is accurate each running order. Thus, the 

solution for this model response will be as Eq. (1). 

In addition, the yield of FAME for response surface 

can be illustrated in Figure 1. Therefore, the 

maximum yield of FAME was effecting from the 

following variables shown in Table 2. From 

optimum condition based on response surface, the 

repetition experiment was done. The actual yield of 

FAME obtained by experiment is 95.04 ml. There 

was 4.77 % error and since it is less than 5 % it is 

acceptable. 
Table 1: ANOVA with 2nd order model of RSM 

Source F-value p-value  

Model 9.34 0.0008 significant 

A-KOH 6.83 0.0227 
 

B-Methanol 10.02 0.0081 
 

C-Temperature 9.79 0.0087 
 

BC 4.08 0.0662 
 

B² 16.00 0.0018 
 

Lack of Fit 8.07 0.0564 not 

significant 
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xx

xxxxy
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Figure 1: Yield of FAME (biodiesel) with respect to 

methanol and temperature. 

Table 2: The variables for maximum yield of FAME 

based on response surface methodology. 

Variables Values 

KOH (%) 1.21 

Methanol (ml) 8.40 

Temperature (℃) 41.70 

Yield of FAME (ml) 99.80 

  
CONCLUSION 

The transesterification method was 

confirmed to obtained biodiesel from waste cooking 

oil (WCO). The response surface methodology 

(RSM) approach was confirmed to find the 

optimization of waste cooking oil with the following 

variables 1.21% KOH, 8.40 ml methanol and 41.7℃ 

temperature in order for maximum yield of FAME 

(biodiesel). 
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INTRODUCTION 

Plasma is the fourth state of matter besides 

solid, liquid and gas which is an ionized gas 

containing an array of active species such as 

electrons, ions, photon. 

In food industry, cold plasma is used as 

food decontamination, food quality improvement, 

toxin degradation and surface modification of 

packaging material [1]. It uses charged, highly 

reactive gaseous molecules and species to inactivate 

contaminating microorganisms on foods and 

packaging materials [2]. In agricultural industry, 

cold plasma is used to enhance the seed germination 

and growth 

 

EXPERIMENTAL SETUP 

To analyse the effectiveness and efficiency 

of cold plasma treatment on mushroom soil, a few 

testing are conducted such as bacteria colony, 

moisture and pH. Plate count method was used to 

measure the reduction of bacteria concentration in 

soil and oven-dry weight method was used to 

measure the water content of soil after plasma 

treatment. Both mushroom soil treated by 

conventional steam and plasma are inoculated in 

Petri dish to observe the mushroom growth.. 

 

RESULTS AND DISCUSSION 

Figure 1 shows the effect of plasma 

treatment on the bacteria concentration in the 

mushroom soil with different treatment time Results 

show that the bacteria reduced where without 

treatment (untreated) soil has highest bacteria 

concentration compared to the treated soil. For 

treatment time, the best one is 10 min treatment 

where the bacteria concentration decreases 

significantly. While for voltage and flowrate, the 

best in reduction of bacteria are 8 kV and 4 SLM 

respectively.  

The treatment time, voltage and air 

flowrate does affect the water content of soil. As 

treatment time increase, the heat exposures of 

sample from plasma also increase, thus reducing the 

water content. However, the water content of soil 

after treatment is still suitable for mushroom growth 

which the range of water content for mushroom 

growth is 55% to 70%.  

From the result, pH values of samples after 

cold plasma treatment were higher than without 

treatment sample. Reactive species produced react 

with moist or water to produce acidic nature, thus 

responsible in reducing the pH. Reduced in water 

content is the factor for 25 min treatment to have 

high pH value. At 5 min, the pH reading is the lowest 

for treatment time parameter as at that time the water 

content is still high and the reactive species react 

with the high water content of sample. However, the 

pH values of all samples are still in range which 6.4 

to 7.8 where rapid mycelial growth takes place. 

Parameter of 1 SLM and 2 SLM flowrates 

with 20 minutes of treatment show the fastest 

growth where the pin heads of mushroom started to 

form on day 14. Air flowrate of 2 SLM produces 19 

of mushrooms with 0.7 cm of height and 0.6 cm of 

diameter. Meanwhile, 1 SLM has produced 16 of 

mushrooms with 0.9 cm of height and 0.5 cm of 

diameter. 2 SLM produced more mushrooms 

compared to 1 SLM. Thus, the different of flowrates 

does effect the growth of mushroom. 

 

 
Figure 1: Bacteria concentration of sample against 

treatment time 

 
CONCLUSION 

It has shown that the cold plasma treatment 

can be used to sterilize the mushroom soil replacing 

the conventional method. Besides, cold plasma 

treatment can reduce the period of mushroom 

growth. 
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INTRODUCTION 

Gas tunnel plasma type system is a new 

development of conventional plasma spray with 

high energy and high efficiency [1]. Strong vortex 

flow in the gas tunnel that stabilize the plasma jet 

makes gas tunnel type plasma spray a versatile 

process and allow to sintering powder at high 

melting point as well as to perform good surface 

coating. This study was aimed to investigate the 

correlation of platting distance (distance between 

the plasma torch and substrate) with the 

microstructure of alumina coating on stainless steel 

together with thickness of coating that produce good 

adherence on the surface.   

 

EXPERIMENTAL SETUP 

The substrates (stainless steel) was 

horizontally set on the substrate holder and the 

central area was placed perpendicular to the centre 

of plasma torch. Argon gas acted as a carrier gas was 

set to 15 L/min and deposition time of 30s was set 

to each of the samples in atmospheric condition.  

The alumina powder feedstock with flowrate of 5 

L/min was spray at angle of 90° to the plasma 

discharge and the plating distance is varies from 

4mm to 14mm. The coated sample were then 

allowed to cool down in atmospheric surrounding. 

Surface morphology of the coating were 

characterised by Scanning Electron Microscope 

(SEM) with energy dispersive X-ray spectroscopy 

(EDX) as well as performed a Pull-off adhesion 

testing.  

 

RESULTS AND DISCUSSION 

Figure 1 shows the SEM-EDX line scan of 

the alumina coating started at point A and end at 

point B cutting across the coating layer and the 

substrate. The presence of high intensity alumina 

(Al-KA) was observed at the region A Thermal 

insulation properties on the stainless steel can be 

improve with nu forming the single layer alumina at 

the coated layer. The presence of oxygen was 

observed due to the ceramic coating process was 

conducted in air atmospheric condition where it 

contribute to the existence of oxygen at the coating 

layer while in region B, high intensity of iron was 

observed. When the spray was increased from 4 mm 

to 8 mm, 10 mm, 12 mm, and 14 mm, the 

agglomerated alumina particles were gradually 

reduced on the surface of stainless steel. Figure 2 

(A) shows that at platting distance 4mm alumina 

grain was overheated on the stainless steel while 

figure 2(B) an equaixed alumina grains was obtained 

at platting distance 12mm that show without any 

discontinuity in interface between the coating and 

stainless steel substrate. Conduct coating process at 

optimum distance to enhance the deposition 

efficiency of ceramic coating.  The weight 

percentage of Alumina coating thickness correlated 

to the effect of spray distance as the near the distance 

the dense the alumina coating will be [2]. Lastly, 

thick coating will form low adhesion performance.  

 

 
Figure 1: SEM- EDX line scan of alumina coating 

 

 

 

 

  
 

 
Figure 2: SEM microstructure for Plating Distance of (A) 

4mm (B) 12 mm. 

CONCLUSION 

The results have indicated the sustainability of 

plasma spray technique with regards to the 

production of a good quality alumina coating at 

distance of 12 mm and having good adherence to the 

stainless steel. 
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INTRODUCTION 

Cold Atmospheric Plasma (CAP) is one 

alternative way that used for treatment especially in 

agricultural food. Since (CAP) operated at non-

equlibrium energy and low gas temperature, it is 

called as non-thermal treatment Previous study have 

successfully demonstrated about the treatment of 

agricultural soil which is mushroom substrate give 

positive impact to the quality of mushroom 

substrate. Regardless of what the applications are, a 

small design of the mixer mushroom substrate needs 

to exist even though it can only occupy in small 

quantity of substrate that integrated with CAP 

system. The purpose of this study is to design a 

substrate mixer for mushroom cultivation and also 

to study the effect of Cold Atmospheric Plasma 

(CAP) [1, 2] 

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for the system. Firstly, the preparation of 

(CAP) need to be done in order to integrated with 

substrate mixer for treatment purpose. The 

experimental parameter was varies with time 

treatment such as 0min, 5min, 10min and 15min. 

 Next, Colony Forming Unit (CFU) testing 

is used to observe the amount of bacteria in the 

sample from first the experiment by using one 

dilution which is 20x10-5 μL Generally, the 

objectives of this experiment is to compared the 

amount of bacteria on non-treated and treated of 

mushroom substrate.  

 

RESULTS AND DISCUSSION 

After have some modification, the function 

ability had been tested. As a result, the mechanism 

flow of the substrate on the spiral stirrer in positive 

result. The mechanism is work properly but not too 

efficient. Seems that there is no previous study about 

mixing process by using spiral stirrer type, but it 

already improved that the mechanism flow of 

substrate is work properly. Thus, The integration of 

substrate mixer with the Cold Atmospheric Plasma 

(CAP) system have been done.  

Figure 1 shows that the bacteria colony of 

plate A is the highest and the number of bacteria 

colony reduced following the trend plate B is lower 

than A but higher than C while plate D have the least 

number of bacteria colony. The reduction of bacteria 

colony increases with the increase of Cold 

Atmospheric Plasma (CAP) treatment time for plate 

A, B, C, and D which have treatment time of 0min, 

5min, 10min, and 15min respectively. Therefore, it 

can be observed that CAP with higher time 

treatment can reduce the number of bacteria colony.  

Table 2 shows the colony forming unit for 

each sample of substrate according to its treatment 

time and dilution. The bacteria considered too 

numerous to count (TNTC) if the number of colony 

exceeded 300 colonies. This is because the amount 

of bacteria in mushroom substrate is higher 

compared to other product. As a result, the amount 

of bacteria cannot be counted with serial dilution 10-

5
 at temperature of 37˚C 

 

 
Figure 1: Growth of bacteria according to treatment time 

for dilution 10-5 

 

 

Table 2: CFU/ml according to treatment time and 

dilution (1day) 

 
 

CONCLUSION 

In this study, a design of cold plasma 

treatment for mushroom substrate has been 

proposed. As a result, the Cold Atmospheric Plasma 

(CAP) can be used for the decontamination of 

mushroom substrate as the result obtained shows a 

positive result. Even just by observing the number 

of bacteria colony for non-treated and treated, the 

result shows that the reduction of the bacteria colony 

can be observed with increasing of time treatment. 
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INTRODUCTION  

The study is about design and development 

of mechanism for cold plasma treatment on grains 

of foods, which has utilized to treat the rice in 

continuously production. Rice has highly possibility 

to be attacked by the rice weevil at the interval of 

time after being harvested and before being 

processed. Previous study has proven that the rice 

weevil can be killed using atmospheric pressure cold 

plasma jet (APPJ) [1]. Cold plasma is a chemical 

free treatment and has been proven their efficient in 

degradation of many pesticides in various food 

products [2]. Further improvement of mechanism 

will be design and fabricate for increasing the 

treatment quality of rice grains.  

 

PROJECT OBJECTIVES  

The aim of this project is to design and 

develop the mechanism for cold plasma rice 

treatment machine.  

 

METHODOLOGIES  

Pugh method is one of the approaches that 

have being used in this study in order to determine 

the most suitable concept. Factors considered for 

evaluating are safety, functionality, weight, ease of 

manufacturing, mechanism, and cost.  

Rice is being treated using atmospheric 

pressure cold plasma jet (APPJ) that made of glass 

tube having thickness 2mm, height 100mm and 

internal diameter 8mm. The control variable of this 

project is treatment duration, which is set for 

10seconds, 20seconds, 30seconds, and 40seconds. 

To determine the effectiveness of cold 

plasma treatment, CFU experiment has been done to 

analyse the reduction of the microbial after being 

treated with cold plasma.  

 

RESULT AND ACHIEVEMENT  

Figure 1(a) shows the development of 

selected concept design integrated with cold plasma 

reactor Result for mechanism analysis shown the 

reaction forces exerted on conveyor belt are 

352.797N and 458.98N. The system also capable in 

treat rice 3.68kg in one hour with speed rate of 

0.0103m/s. 

 

 

  

Figure 1: Development of mechanism 

 

 
Figure 2: CFU result 

 

The forming of microbial colonies on agar 

plate for all samples has been observed and 

recorded. Based on Table 1 the sample of dilution 

10×10^ (-9), microbial colonies does not form for 

sample 30s and 40s  as compared to non-treated 

which is 3 microbial colonies is observed. Since the 

number of colonies forming unit is reduced as the 

treatment duration is increased. Therefore, cold 

plasma treatment is effective in decontaminate the 

present of microbial on rice.  
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INTRODUCTION 

Most of the time volatile organic compounds 

(VOCs) are released from waste treatment facilities 

are harmful to human health as it spread in the air 

(Mustafa et al., 2018). Current issue such as Kim 

Kim river pollution that causes catastrophic to 

people of Pasir Gudang in term of breathing 

difficulty and headaches is a good example of how 

VOCs affects people. Thus, non-thermal plasma is 

one of the alternatives of decomposing VOCs that is 

considered to be green and potentially effective in 

air pollutant remediation (Nozaki & Okazaki, 2013). 

Therefore, we believe that we have designed a 

miniaturized plasma reactor to treat and decompose 

harmful VOCs by using cold plasma treatment that 

can be fit inside electrical appliances such as air 

conditioner and vacuum cleaner and also can be 

scaled up or down according to suitability.  

 

PROJECT OBJECTIVES 

The aim of this project is to design and fabricate 

miniaturize non-thermal plasma (NTP) reactors. The 

plasma reactors operate to analyze the parameters 

effects of discharge voltage, air flow rate and 

treatment time on treatment of dilute ethanol act as 

VOC. Optimize conditions for treatment also being 

studied to find best settings that produce higher 

removal efficiency. 
 
METHODOLOGIES 

The design of miniaturized plasma reactor consists 

of three main components of copper electrode, pyrex 

glass tubes and graphene as discharge electrode. 

Plasma reactor tested in an experimental setup that 

consists of helium as carrier gas, beaker filled up 

with dilute ethanol with bubbling vaporised process, 

plasma generator as power supply for plasma 

generation, white cell for enclosed treated or 

untreated gas and FT-IR for enclosed gas analysis. 

Full factorial 2k design of experiment was used in 

planning of experiment with three factors of 

discharge voltage, flow rate of air and treatment 

time. Total of eight experiments with three 

additional experiment for centre point. Response 

collected was removal efficiency from the 

concentration reduced after treatment of plasma 

over untreated concentration of VOC. Performance 

analysis and optimization carried out using Design 

Expert 11.0. 

 

RESULT AND ACHIEVEMENT 

Figure 1(a) and (b) show untreated and treated gas 

spectrum analysis by FT-IR. CH concentration been 

reduced after the treatment showing plasma could 

treat VOC.  

 

 
FIGURE 1 (a): Untreated gas spectrum. 

 

 
FIGURE 1 (b): Treated gas spectrum. 
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INTRODUCTION 

Until today, the utilization of Cold Atmospheric 

Plasma CAP isn't simply just concentrated on one 

kind of treatment. It been utilized in different field 

of concentrates studies had demonstrated that the 

cool plasma medicines are influencing significantly 

positive the subject tested. Existing decontamination 

procedures, chemical treatment, ethylene oxide 

sanitization more often than not endure a 

disadvantage of hints of the dynamic compound 

stays on the sample [2]. autoclave cleansing 

procedure are commonly inapplicable because of the 

item poor protection from heat, [1] has tried to 

develop a system to make surface treatment that 

decontaminate the ‘keropok lekor’ 

There are many uses of plasma technology in 

various field such as electrical, medical, mechanical 

and automotive. This shown that the technology has 

been used widely and have been used throughout the 

whole world. CAP technology can be applied in 

numerous fields whether for mechanical, electrical 

and even medical field If this technology been 

developed in food industry that provide immense 

benefits to the industry 

 

PROJECT OBJECTIVES 

To design and develop a machine compatible with 

cold atmospheric plasma treatment using semi-

automatic function for treatment purpose 

 

METHODOLOGIES 

First phase of design, in order to make a concept 

design, a few limitations are set on the design to 

make sure that the concept designs are applicable for 

this project This project carried out with a proper 

engineering design process. The design had satisfied 

CAP system and bio-product constraint throughout 

design and material selection using morphological 

chart and for concept selection Pugh method are 

used. Several test are done to ensure the 

effectiveness experiment the setup following Figure 

1. Distend between keropok lekor and plasma 

discharge are 5mm, Electrode for high voltage are 

graphite, Electrode for ground are stainless steel, 

5kv are supply at high voltage electrode, Helium gas 

are used to help indicate plasma as it glows pink 

when discharge, Gas flow are 1.5 ℓpm. Sample from 

single source which is from danga keropok lekor 

manufacturer, treated on machine individually with 

constant voltage (5kv), gap discharge sample 

between discharge plasma (5mm) and gas flow rate 

(1.5 ℓpm), The variable is treatment time which is 

30s,40s,50s and 60s. 

 

 

 

RESULT AND ACHIEVEMENT 

Figure 1 shows a setup used for keropok lekor 

plasma treatment this actual setup are been use to 

run the CFU experiment 

 

 
Figure 1: comparison of actual prototype and concept 

 
Table1: microbial colonies count 

 DILUTION 

SPECIME

N 
10−4 10−5 10−7 10−8 10−9 

Non treat Tnt

c 

Tnt

c 

Tnt

c 

Tnt

c 

93 

30s Tnt

c 

Tnt

c 

Tnt

c 

Tnt

c 

6 

40s Tnt

c 

570 59 36 3 

50s Tnt

c 

429 31 13 0 

60s Tnt

c 

271 1 1 0 

 

CONCLUSION 

Prototype was completely function well with the 

plasma discharge system. to complete this 

prototype, speed analysis had been done as stated in 

the objectives in term before the fabrication process. 

The keropok lekor undergo plasma treatment with 

rotation of 31 rad/s for each treatment time of 30 s, 

40 s, 50 s and 60 s. 

Cold plasma processing has been shown to affect the 

quality attributes of the food products during 

treatment as well as in Optimization studies are also 

required to avoid the negative impacts on quality, 

the CFU test shows that 60s treatment time have 

most effect on keropok lekor. 
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INTRODUCTION  

Recently, evolutionary algorithm such as 

genetic algorithm has become popular among the 

researchers in optimizing the performance of the 

thermoacoustic refrigerator due to its capability to 

provide a solution with a global maximum or 

minimum through simultaneous optimization of 

several objectives. The results from the past studies 

by using MOGA has proved the potential of 

evolutionary algorithms in improving the 

performance of thermoacoustic refrigerator 

Zolpakar et al. [1]. Hence, this study maximize the 

temperature difference across the stack unit using 

the Multi-objective Particle Swarm Optimization 

(MOPSO), an evolutionary optimization tool that 

has not been tried in this field before.  

 

METHODOLOGY 

The controlling parameters that affects the 

temperature difference across the stack are first 

identified, which are the stack length, stack centre 

position, blockage ratio, and drive ratio.  

Then, a MOPSPO programing code is 

developed using MATLAB. By using the equations 

and system settings designed by Tijani et al. [2] 

together with the parameters range set by Zolpakar 

et al. [1], simultaneous optimization of multiple 

inter-dependent parameters are performed to solve 

for the two conflicting objectives; the maximum 

cooling power and minimum acoustic power 

required. Two, three, and four parameters 

simultaneously optimization are performed. Lastly, 

the optimized parameters are analysed and 

compared with the results of past studies [1]. 

 

RESULTS AND DISCUSSION  

Figure 1 shows the Pareto front obtained 

from the MOPSO which can provide more solutions 

to the problem. Figure 2 compares the cooling power 

and COP achieved when the number of inter-

dependent variables to be optimized increases. The 

figure shows that four parameters optimization 

achieved the highest COP and cooling power 

compared to two and three variables optimization.  

Comparison between MOGA and MOPSO 

for two parameters optimization Lsn and xn shows 

that for the same arrangement of other parameters, 

placing the stack at a position of xn = 0.20 instead of 

0.22 can increase the cooling power generated by 2 

% Then, the four parameters optimization involving 

the drive ratio, D shows a significant difference 

between MOGA and MOPSO. MOPSO provides a 

better overall result by having a higher COP of 1.39 

compared to the MOGA with a COP of 1.35. The 

cooling power achieved is also double that of the 

MOGA with Qc = 10.8 W compared to that of 

MOGA with Qc = 5.22 W. The cooling power 

generated is the highest among past studies with a 

considerable improvement in COP. 

 

 
Figure 1: Pareto Front obtained from MOPSO 

 

 
Figure 2: Effect of increasing parameters to be optimized 

simultaneously 

 

CONCLUSION  

Thus, this study has highlighted the potential of 

MOPSO in providing optimized conditions for 

conflicting objectives desired for a thermoacoustic 

system.  
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INTRODUCTION 

Electronic Chips tends to produce more 

heat when it is subjected to high performance with 

high efficiency. This confrontation will affect the 

performance and life span of the microelectronic 

device that leads to frequent replacement of the 

device. The most suitable way to cool the 

microelectronic device is by introducing 

microchannel heat sinks, which provide efficient 

cooling of high performance applications. 

 

METHODOLOGY 

This section presents the values being used 

to calculate the total thermal resistance of 

rectangular, circular and trapezoidal microchannel 

heat sink. The equations for this study is validated 

by using [1] as the reference to make sure the 

equations are correct. Therefore, the values from [1] 

is used with current equations and compared to the 

current value. 

 

 Table 1: Parameters involved in thermal resistance 

calculation. 

Parameter Values 

Length of MCHS (m) 0.01 

Width of MCHS (m) 0.000056 

Width of MCHS wall 

(m) 

0.000044 

Height of MCHS (m) 0.00032 

Water(Coolant) 

Pressure (bar) 

1 

Flow rate of Water 

(cm3/s) 

4.7 

Total Thermal 

Resistance (°C/W) 

0.110 

 

RESULTS AND DISCUSSION 

 

 
Figure 1: Trend of total thermal resistance against 

hydraulic diameter (rectangular shaped) 

 

 

Figure 1 shows the trend of total thermal 

resistance against hydraulic diameter for rectangular 

microchannel without Rcons (Constriction 

resistance). The thermal resistance tend to increase 

as hydraulic diameter increases. 

 
Figure 2: trend of total thermal resistance against 

hydraulic diameter (circular shaped) 

 

Figure 2 shows the trend of total thermal 

resistance against hydraulic diameter for circular 

microchannel. The trend shows that the thermal 

resistance decreases as the hydraulic diameter 

increases. 

 
Figure 3: Trend of total thermal resistance against 

surface area (trapezoidal shaped) 

  

Figure 3 shows the trend of total thermal resistance 

against surface area of trapezoidal microchannel. 

The trend shows that the thermal resistance tend to 

decrease when the surface area increased. 

  

CONCLUSION 

We can conclude that the suitable geometry 

to be classified as good microchannel in terms of 

heat transfer per unit area is rectangular 

microchannel without constrictive resistance (Rcons) 

when compared to other two geometries. 
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INTRODUCTION 

For low-cost buildings in Malaysia, 

developers tend to maximize the usage of land 

for buildings without consideration to 

orientation to wind flow and consequently 

natural ventilation [1]. The analysis of wind 

flow needs to be carried out in order to study 

the effects of building orientation and height 

ratio in this case low-cost buildings, for a better 

ventilation outside of the buildings and 

consequently lower demand on the air 

conditioning system. 
 

EXPERIMENTAL SETUP 

The proposed case studies to be tested 

using wind tunnel testing involves a minimum 

of two buildings and it can be separated into 

two major categories which are height ratio and 

orientation. The pressure model is an acrylic 

model whereas the dummy model is made from 

wood. The models are tested in wind tunnel 

with a wind speed of 20m/s. 
 

RESULTS AND DISCUSSION 

Figure 1 shows the side view 

arrangement of height ratio case study whereas  

Figure 2 states the comparison of results for 

both case studies. 
 

 

Figure 1: Side View arrangement of height ratio 

case study 

Figure 2: Results on height ratio case study 
 

Figure 3 shows the arrangement of case study on 

building orientation and the compared results are 

shown in Figure 4.  

 

Figure 3: Side View arrangement of building 

orientation case study 

Figure 4: Results on building orientation case 

study 

 

CONCLUSION 
Results show that the height ratio affect less 

towards the wind flow around the buildings and 

it has nearly the same stagnation point (dead 

zone are) in case study 1 and case study 2. 

Results also shows that the effect of building 

orientation towards the surrounding wind flow 

pattern through the wind tunnel testing with 

different building orientation. Building 

orientation with an angle between 30° to 60° 

gives a better ventilation since the wind does 

not move directly to either only windward area 

or leeward area.  
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INTRODUCTION 

Thermoacoustic devices has become a 

perfect alternative to existing refrigeration 

system, due to its low cost, low power 

consumption and sustainable ability. Over past 

few decades, many have contributed to this 

system, still the performance is not as high as 

expected comparing with the existing system. 

Solid-fluid interaction around the stack is one of 

the most important phenomena in this system, 

because the viscous losses occur near the stack 

and oscillations caused back flow which reduces 

the expected cooling at one end of the stack [2]. 

That’s why to model the fluid flow in the full 

resonator is important to increase the system 

performance.   

 

THEORETICAL FORMULATION 

The main three governing equations used here 

are:  
𝐷𝜌

𝐷𝑡
+ 𝜌(𝛻. �⃗⃗� ) = 0   

  𝜌 (
𝐷�⃗⃗� 

𝐷𝑡
) =  −𝛻. 𝑝 +  𝜇𝛻2𝜇 +

𝜇

3
𝛻(𝛻. �⃗� )      

𝜌𝑐ₚ
𝐷𝑇

𝐷𝑡
=  𝛻. (𝑘𝛻𝑇) +

𝐷𝑝

𝐷𝑡
+  𝛷 

 

Using the assumptions, dimensionless parameter 

and various manipulation, the partial differential 
equation to be solved are: 
𝜕2𝑢

𝜕𝑡2
=

1

𝑀2 𝛾
(

𝜕2𝑢

𝜕𝑥2
+

𝜕2𝑣

𝜕𝑥𝜕𝑦
− 

𝜕2𝑇

𝜕𝑥𝜕𝑡
) +

1

𝑅𝑒

𝜕

𝜕𝑡
(𝛻2𝑢) +

1

3𝑅𝑒

𝜕

𝜕𝑡
(

𝜕2𝑢

𝜕𝑥2
+

𝜕2𝑣

𝜕𝑥𝜕𝑦
)             

 
𝜕2𝑣

𝜕𝑡2
=

1

𝑀2 𝛾
(

𝜕2𝑣

𝜕𝑦2
+

𝜕2𝑢

𝜕𝑥𝜕𝑦
− 

𝜕2𝑇

𝜕𝑥𝜕𝑡
) +

1

𝑅𝑒

𝜕

𝜕𝑡
(𝛻2𝑣) +

1

3𝑅𝑒

𝜕

𝜕𝑡
(

𝜕2𝑣

𝜕𝑦2
+

𝜕2𝑢

𝜕𝑥𝜕𝑦
) 

 

NUMERICAL FORMULATION 

 Here explicit finite difference method is 

used to model and simulation the flow [1]. The 

computational domain was calculated to stabilize 

the simulation using c(Δt/Δx)<1, this equation.  
 

RESULTS AND DISCUSSION 

 First the MATLAB code and numerical 

method was validated with 1d wave equation and 

comparing with earlier results. Then fluid flow is 

modelled and simulated in full resonator with 

single, double and multiple (11) plates.  

In all three cases, flow is visualized in different 

times and compared with each other. As there are 

not enough model done with multiple plates, the 

fluid flow with multiple plates are different than 

as expected and those of single and double plate. 

The vortex generation increased in numbers and 

in different sizes. The flow is not perfectly linear. 

The forward flow around the plates are effected 

by the back flow in the system. The boundary 

layers are mostly back flow [3]. The fluid works 

as bulk motion with multiple plates and it effects 

the nearby plate flow.   

 

 

 

 
Figure 1: Vector plot and streamline at 3.1 

second for a single, double and multiple plates 

respectively. 

 

 

CONCLUSION 

The flow is mostly symmetric, but with 

the increase of the plate number, the flow tends to 

be asymmetric at certain times. The fluid flow 

between the plates are different with multiple 

plates. More vortices occur with multiple plates.  
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INTRODUCTION 

  As new refrigerants are being used in the 

smaller channels, more research need to be done to 

study the flow in a small channel especially the 

complex two phase flow.  Many correlations have 

been introduced to calculate the heat transfer 

coefficient but they were tested using refrigerants 

like R11, R12, R112 and R22.  The accuracy of the 

data obtained from the correlations will vary as 

refrigerants change.  Many modifications and 

improvement has been done to Chen [1] flow boiling 

heat transfer coefficient yet the heat transfer 

coefficient in small channel could not be accurately 

predicted over a wide range of parameters (Thome) 

[2]. Each developed or modified correlations since 

Chen [1] introduced his correlation showed reduced 

error from the previous correlations in predicting the 

heat transfer coefficient when compared to 

experimental results. However, discrepancies still 

exist when the correlations are compared with later 

experimental data generating interest in improving 

the correlations. The aim of this project is to look at 

the difference between two correlations that have 

been modified or developed for small channels to 

analyse their trend and patterns as the vapour quality 

changes. The outcome of this study would help us 

towards a better approach in future development of 

the heat transfer coefficient correlation for a small 

channel. 

 

METHODOLOGY 

The two selected correlations for this study 

are Bertsch et al. [3] and Fang et al. [4]. R134a is the 

chosen refrigerant for this study as it has a wider 

range of applications compared to other refrigerants 

but due to its high Global Warming Potential, this is 

only a short term solution. Natural refrigerants, 

R717 and R744 were chosen to be compared with 

results of R134a as both these refrigerants can be 

used as a replacement for the hazardous refrigerants 

which are being phased out. This study was first 

completed parametrically then with Genetic 

Algorithm (GA) to obtain the results at various 

vapour quality. Parametric studies allows the user to 

examine the way a model behaves as the input 

parameters are varied in a defined range. The value 

of  chosen parameter for assessment are 0.21mm, 

100kW/m2 and 300kg/m2s for hydraulic diameter, 

heat flux and mass flux respectively with refrigerant 

properties obtained at temperature of 283K. At a 

value of vapour quality, x, data for both correlations 

is recorded simultaneously on the same graph.  The 

process is repeated at different x values to find the 

effect of vapour quality on the prediction of the heat 

transfer coefficient using the two selected 

correlations. GA imitates a biological evolution with 

five phases which are initial population, fitness 

function, selection function, crossover function and 

mutation function. After trying multiple times, the 

overall best functions were chosen where fitness 

scaling function is rank, selection function is 

stochastic uniform, mutation function is adaptive 

feasible and crossover function is two point. 

 

RESULTS AND DISCUSSION 

From the results of R134a and R717, the 

effect pre-dryout and post dryout is significant for 

Bertsch et al. [3] correlation. However this effect 

does not appear in R744 due to significance of 

nucleate and convective boiling contribution 

towards heat transfer coefficient as surface tension 

is low for R744. Results obtained for Fang et al. [4] 

gave different trends for all refrigerants compared to 

Bertsch et al. [3] due to the use of different 

parameters in the correlation. Fang number used by 

Fang et al. [4] correlation includes effect of bubble 

flow extensively compared to Bertsch et al. [3] 

through Eötvös number, Eo and Weber number, We. 

Heat transfer coefficient obtained for three 

refrigerants are different due to the properties of 

refrigerants. Heat transfer coefficient obtained for 

R717 is twice the value of R134a due to favourable 

thermal conductivity of R717.  

 

REFERENCES 

[1]  Chen, J. C. (1966). A correlation for boiling 

heat transfer to saturated fluids in convective 

flow. Industrial and Engineering Chemistry. 5, 

2755-2771. 

[2] Thome, J. R. (2003).  Recent advances in 

modelling of two-phase flow and heat transfer.  

Heat Transfer Engineering. 24(6), 46-59. 

[3]  Bertsch, S. S., Groll, E. A. & Garimella, S. V. 

(2009).  A composite heat transfer correlation 

for saturated flow boiling in small channels.  

International Journal of Mass and Heat 

Transfer.  52(7-8), 2110-2118. 

[4]  Fang, X., Zhou, Z., & Wang, H. (2015).  Heat 

transfer correlation for saturated flow boiling 

of water.  Applied Thermal Engineering.  76, 

147-156. 

 

 

 



Procedia Undergraduate Mechanical Engineering Research 

Volume 1, September 2019 

183 
 

THERMAL AND HYDRODYANAMIC PERFORMANCE OF A MICROCHANNEL HEAT 

SINK COOLED WITH CARBON NANOTUBE (CNT) NANOFLUID 

Lee Wei Tong and Normah Mohd Ghazali 

School of Mechanical Engineering, Faculty of Engineering, 

Universiti Teknologi Malaysia, 81310 UTM Skudai, Johor, Malaysia 
 
INTRODUCTION 

The size of the modern technology 

electronic chips has become smaller while the power 

density has increased. The coolant used in a 

rectangular microchannel heat sink (MCHS) used to 

cool the chips is a major concern to improve the heat 

removal capacity due to decreasing sizes of these 

heat exchanging devices.  CNT nanofluid N2 and N3 

with surfactant Lignin and Sodium polycarboxylate 

are promoted to increase the rate of heat transfer.  

 

MATHEMATICAL MODEL 

To determine the thermal performance of a 

nanofluid-cooled MCHS, the model system is 

evaluated optimized using the total thermal 

resistance equation referenced from Adham et al. 

[1]. The total thermal resistance consists conductive, 

convective, and capacitive thermal resistance 

described as: 

𝑅𝑡𝑜𝑡𝑎𝑙 =
𝑡

𝑘ℎ𝑠

 +
1

ℎ𝑎𝑣

1 + 𝛽

1 + 2𝛼𝑛

+
𝐿

𝐶𝑝
𝑛𝑓

𝜇
𝑛𝑓

2

𝑅𝑒

1 + 𝛽

1 + 𝛼
     (1) 

  The hydrodynamic performance is 

evaluated using the pressure drop, ∆p, across the 

heat sink and pumping power, Pp, equation as: 

𝑃𝑝 = ∆𝑝 × 𝐺                                   (2)  

In the optimization process, the channel 

aspect ratio and wall width ratio are the controlling 

variables used to determine the maximum optimized 

thermal performance. Mathematical model 

validation of current model has been carried out 

against the experimental result of Turkerman and 

Peace [2].  Optimization validation using Multi 

objective particle swarm optimization (MOPSO) 

algorithm was developed to minimize the thermal 

resistance and pumping power simultaneously by 

optimizing the controlling parameters. 

 
RESULTS AND DISCUSSION 

Figure 1 presents the relationship between 

thermal resistance and pumping power for water and 

CNT nanofluids at 20℃. The graph showed that the 

lowest total thermal resistance is accompanied with 

the highest pumping power for all working fluids. 

The optimized results show that the total thermal 

resistance of both CNT nanofluid N2 and N3 are 

lower than water at 20℃. The total reduction of 

thermal resistance between water and CNT 

nanofluid is 26.53 %.  CNT nanofluids contain 

nanoparticles which increases the thermal 

conductivity. The increase in the thermal 

conductivity enhances the heat transfer coefficient.  

The increment of heat transfer coefficient 

leads to a decrease in the convective thermal 

resistance, a major contributor towards the total 

resistance to heat transfer. 

CNT Nanofluid with surfactant Sodium 

polycarboxylate obtained the highest pumping 

power followed by CNT nanofluid N2 and water. 

CNT nanofluids N2 and N3 have the same 

thermophysical properties except the viscosity. In 

0.1% volume concentration, the viscosity of CNT 

nanofluid N3 is higher than the CNT nanofluid N2. 

The decrease in the viscosity plays a role in reducing 

the Reynolds number. The lower the Reynolds 

number, the higher the friction factor. This increases 

the pressure drop and pumping power.  
 

 
Figure 1: Optimized pumping power against total 

thermal resistance for water and CNT nanofluids at 20℃. 

 
CONCLUSION 

The total thermal resistance of both CNT 

nanofluids and water are 0.0623℃/W and 

0.0848℃/W at 20℃, respectively. The optimized 

pumping power of CNT nanofluid N3 with is higher 

than CNT nanofluid N2 and water at 20℃. 
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INTRODUCTION 
A thermoacoustic refrigerator (TAR) 

system is an alternative environmentally friendly 

cooling system. The TAR system use inert gases as 

the working fluid. The system operates based on the 

compression and expansion of gas parcels in a 

closed tube that creates a temperature difference at 

both ends of a stack, a porous medium. 

Unfortunately, the low coefficient of performance 

(COP) limits the practical application of the 

technology to date [1]. Being the core of the system, 

the stack final product has been dependent on the 

fabrication mechanism. To date, an optimized stack 

fabricated from a 3D printer shows promising 

results [2-3].  

 

EXPERIMENTAL SETUP 
The stacks tested is an optimized stack with 

optimized parameters (Case 1) [2], non-optimized 

stacks each with different plate spacing of 0.5 mm 

and 0.7 mm (Case 2 and 3) and non-optimized stacks 

each with different plate thickness of 0.7 mm and 

1.0 mm (Case 4 and 5). The resonator is a quarter-

wavelength resonator from an Acrylic material 

having its fundamental resonance frequency at 400 

Hz with inner diameter of 21 mm. At the end of the 

tube is a rigid end (aluminium reflector) and the 

other end was connected to a mid-range 

loudspeaker. The measurement of the temperatures 

is taken with thermistors. The duration of each 

experiment is 240 s to achieve steady state.  

 

RESULTS AND DISCUSSION 

Figure 1 illustrated the temperature 
difference obtained for Case 1, 2 and 3. The results 

obtained is unexpected. Case 1 should have the 

highest temperature difference because it is the stack 

with the optimized parameters. However, the results 

obtained show that Case 3 has the highest 

temperature difference. When the stack plate 

spacing is too far apart, the heat transfer between gas 

bundles and stack wall cannot occur successfully. 

This results was probably because of the size of the 

stack. In Zolpakar et al. [3] study, the stack size was 

36 mm while this experiment used a 21 mm stack. 

Since the stack used in this experiment was smaller, 

the optimized stack parameter may be different. 

     Figure 2 illustrated the temperature difference 

obtained for Case 1, 4 and 5. When the plate 

thickness is bigger, the harder for gas molecules to 

passed through it. In other words, with thinner 

plates, the blockage ratio is lower and it is produces 

a higher thermal performance. Thinner plates could 

provide more area for heat transfer relative to the 

given resonator ensuring a faster cooling rate. Due 

to the limitation of the current 3D printer available, 

the minimum thickness achieved was 0.5 mm.  

 
Figure 1: Temperatures for the stack with different 

plate spacing. 

 

 
Figure 2: Temperatures for the stack with different 

plate thickness 

 

CONCLUSION 
The results have shown the importance of choosing 

the stack parameters. It is expected that the 

performance of the thermoacoustic refrigerator can 

be further improved if the fabrication technology 

can keep up with the optimization theory. 
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INTRODUCTION 

In recent years, small channels had been used in 

many applications such as electronic cooling, 

mobile air conditioning, biomedical instrumentation 

and compact heat exchanger. It is because they 

provide significant advantages like low cost, 

optimized compactness, and high thermal 

efficiency. To enhance the heat transfer coefficient 

in such systems, a study on phase-change 

phenomenon in the boiling process has to be made. 

An environmentally friendly refrigerant, R290 was 

used due to the strict regulation that required to 

reduce ozone depletion and global warming in the 

future. It also requires low cost, widely available, 

has very low global warming potential and no ozone 

depletion potential.[1]. 

 

PROJECT OBJECTIVES 

The main objective of this study is to determine the 

optimized conditions of two-phase flow boiling heat 

transfer due to convective boiling in a small channel. 

Although two phase flow boiling involves both 

nucleate boiling and convective heat transfer, this 

study only looks at the convective boiling 

contribution 

 

EXPERIMENTAL SETUP 

The main objective of this study is to 

determine the optimized conditions of two-phase 

flow boiling heat transfer due to convective boiling 

in a small channel. Although two phase flow boiling 

involves both nucleate boiling and convective heat 

transfer, this study only looks at the convective 

boiling contribution 

 

RESULTS AND DISCUSSION 

The first case, the effect of mass flux 

toward heat transfer coefficient through varies vapor 

quality was studied and the result was depicted in 

Figure 1. Generally observed, the heat transfer 

coefficient of convective boiling, hcv was 

increasing throughout vapor quality. Only for [2] 

correlation, the heat transfer coefficient was peak at 

vapor quality 0.5 and continuously dropped at high 

quality region. The value of hcv for [3] and [4] along 

the vapor quality agrees well with the statement of 

both authors in literature review. 

 

 

 

 

 

 

 

 

 

 
 
Figure 1: Control system of PMBLDC 
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INTRODUCTION 

Malaysia is a country that has a potential to 

be as success as another first world country such as 

Sweden, Germany and our own neighbour 

Singapore. Thus, in aiming for those objectives the 

people must have a first-class thinker. However, 

many of us overlooked the system of the water tank 

either in our home or factory. The traditional tank 

only use ballcock to control water level and the flow 

cannot be control which will cause the water to 

depleted very fast. Thus, the objective of this paper 

is to fabricate a fully working control system for 

water tank using microcontroller. In order to do this, 

the parameters such as water level and output flow 

must be clearly stated. The type of material uses to 

make tanks are polyethylene tanks, meatal tanks, 

fiberglass tanks, PVC tanks and concrete tanks. 

Most of the tanks use are for above ground usage 

except for concrete tanks which is usually for 

underground purposes [1] 

 

EXPERIMENTAL SETUP 

For this paper, the apparatus is set-up using 

microcontroller which is Arduino and sensor to 

detect the parameter. Ultrasonic sensor is used for 

detecting the water level sensor. The G ½ water 

flowrate sensor is as its name which is to detect the 

flowrate. The motor is being fitted into the ball 

valve’s head to control the opening of the valve 

which in this case control the flowrate. The sensor 

and valve were fitted to the fibreglass tank 

 

 
Figure 1: Normalized power for each task correspond to 

specific direction 

 

The water tank was tested under 3 specific 

conditions which is 10cm,1L/min, 15cm,1L/min and 

15cm,3L/min. the experiment was run until a steady 

state was reached for at least 3 minutes 

 

RESULTS AND DISCUSSION 

In figure 2 we can see that the flowrate out 

increase linearly as the water height are still not 

sufficient to provide the desired flowrate. And the 

water input is around 5L/min. when the water level 

is enough to provide the desired flowrate, the graph 

is constant from that point forward and when the 

water level reach 10cm the flowrate for input 

dropped to 0L/min. once the water level are lower 

than desired than it will turn the valve again and let 

the water to fill the tanks 

From figure 3 we can see that the water 

level rises slowly and linearly until it reached 10cm 

and it will maintain from 10cm to 7cm. it is flat from 

that point forward with a little up and down in the 

water level and will not go lower than 7cm. this 

proves that it is able to control the water level by 

using motor and valve as turn on and off 

 

 
Figure 2: output flowrate vs time 

 

 
Figure 3: water in water tank level vs time 

 

CONCLUSION 

 The paper has proved that the using of 

microcontroller to control and monitor the flowrate 

and water level is a success. Both of the parameters 

are able to be control 
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INTRODUCTION 

 Ride comfort is defined as the overall 

comfort and well-being of the vehicle’s occupants 

during vehicle travel. The main sources of 

discomfort are oscillations which reach the vehicle’s 

passenger compartment and cause noise, vibration, 

or both. Some of the suspension system is still not 

fully categorized as ride comfort. It is very important 

to comfort the vehicle passengers. The vibration 

sensed by the passenger is depending upon the 

vibration frequency. Such vibration might cause    

many types of health disorders depending on its 

magnitude and location. The peak acceleration value 

of the human body is affected by the suspension 

system. [1] 

 

EXPERIMENTAL SETUP 

 There are five different road profiles 

chosen for the comfort analysis which are smooth 

road surface, rough road surface, cobbled road 

surface, yellow lines road surface and road bump 

surface. A simple and easy-to-get data logger is 

developed to collect and record the data in 

smartphone memory. The system is the combination 

of Arduino and 1Sheeld. The data is collected at 

different speed which are 30km/h and 50km/h. 

 

RESULTS AND DISCUSSION 

 

Figure1: Different road surfaces with speed 30km/h and 

50km/h 

 

  

Figure 1 shows the acceleration data collected when 

a driving car on different road surfaces. As seen in 

the figure, rough road surfaces have the highest peak 

acceleration value due to the small potholes and 

small stones on its surfaces. Since there are potholes, 

noise are created during collecting the data, this may 

cause discomfort to passenger too. 

 
Figure 2: Smooth Road surface 

 

Figure 2 shows that acceleration data collected on 

smooth road surface with speed 30km/h and 

50km/h. Smooth road surface act as a based-line for 

others road surfaces. The passenger only feel fairly 

uncomfortable on smooth surface at certain time. 

However, the passenger feel not uncomfortable 

during the whole journey.  

 

 
Figure 3: Rough road surface 

 

Figure 3 shows the acceleration data form rough 

road surface with speed 30km/h and 50km/h. The 

acceleration data is varied with time. Big different 

in the values. The passenger is very uncomfortable 

when driving fast on a rough road surfaces. The 

administrators should always repair the rough road 

for the comfortability to all road users.  

 

 

CONCLUSION 

Design and development of low cost mobile data 

logger has been successfully carried out. The 

outdoor testing results have shown that the 

developed data logger could satisfactory perform the 

observation and data logging. The Arduino 

microcontroller and the 1Sheeld work properly with 

smartphone application.  
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INTRODUCTION 

Ocean energy produces several types of 

energy such as tidal energy, tidal range, wave 

energy, ocean thermal energy and salinity gradient 

energy [1]. Tidal currents have many favourable 

characteristics that lend themselves to electricity 

generation. The installation of marine current 

turbine farm required large surface area. This cause 

by the fluid passing through a marine current turbine 

experiences a reduction in velocity across the rotor 

plane. Hence, the study on array spacing between 

the turbines is essential to make sure the turbine can 

generate maximum power output. 

 

EXPERIMENTAL SETUP 

Two vertical axis ocean tidal turbines are 

used to generate power output. The turbines are 

arranged in one row. The turbines in a rectangle 

channel and will be stimulated with the aim of 

evaluating the velocity inlet of the turbines. The 

simulation will be conducted at a fixed inlet speed 

of 0.56 m/s. The array arrangement of two turbines 

is simulated, where the lateral (Y) spacing with a 

diameter of the turbine. The number from one and 

two is the number of each turbine. This type of array 

spacing been used for two turbines. Six different 

simulations are made with six different lateral 

spacing. The spacing is expressed in multiples of 

turbine diameter. During the simulation, the turbines 

will rotate in clockwise direction. 

 

RESULTS AND DISCUSSION 

The array spacing is designed for two 

turbines only. It to observe the effect of both 

turbines. The described turbine spacing is modelled 

by using double stage Savonius turbine. The array 

spacing is made to investigate the power produced 

from tidal current of Malaysia Sea through the 

turbines. The different spacing between each turbine 

are taken into consideration to determine the best 

power output efficiency. The spacing been used in 

simulation are 0.336 meter, 0.672 meter, 0.84 meter, 

1.008 meter, 1.344 meter and 1.68 meter. 

Table 1 show the power efficiency for each 

turbine spacing. Spacing 3 has the highest power 

output efficiency which is 96.31%. Followed by 

spacing 2 and spacing 1 which are 92.43% and 

76.28% respectively. Spacing 5 has 44.52% of 

power efficiency. The least power output efficiency 

is spacing 6, 20.76%. 

The higher efficiency means the velocity 

entered the turbines is also high. Velocity that enter 

the turbine will determine the power output that 

generate by the turbine.  

The result of the simulation that obtained 

may due to the interaction between the turbines. 

There are two types of interaction, positive and 

negative. The positive interaction will make the 

velocity of flow increased. High velocity make the 

turbines generate more power output. Meanwhile, 

the negative interaction will make the velocity flow 

decreased. The lower velocity that enter the turbine 

will make the turbine generate lower power output. 

 

 
Figure 1: Efficiency of Power Output of the turbine 

spacing 

 

Table 1: Value of efficiency of Power Output of the 

turbine spacing 

Array Efficiency of Power 
Output (%) 

1 76.28 

2 92.43 

3 96.31 

4 78.61 

5 44.52 

6 20.76 

 

 
CONCLUSION 

The results show the power output 

generated from six different spacing between two 

turbines. The highest power output comes from 

spacing 3. This may due to positive interaction that 

makes the velocity faster before entering the 

turbines.  
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INTRODUCTION 

 From previous thesis [1], he had identified 

the best hull form design. Results show that the 

changing on prismatic coefficient plays a more 

important role in influence on resistance than 

changing length centre of buoyancy. After thesis 

completed, Mohd et al. [2] followed up by 

constructing the selected hull form from previous 

thesis and tested in towing tank. However, 

resistance result shows that the selected hull form 

does not reduce resistance of the basis hull. There is 

a need to improve hull resistance and its speed 

performance. Eric [3] and Koh [4] shared same 

method by reducing block coefficient to avoid 

excessive wave resistance. Another method by Eric 

[3] and Marsh [5], they stated fast ship requires 

longer length to beam ratio compared to slow ship 

to reduce wave resistance. Thus, more efficient 

speed performance. 

 

EXPERIMENTAL SETUP 

There are five stages of reverse ship hull 

modelling methodologies. First, basis hull form 

design is needed as a reference to compare with 

improved hull form design. Next, a parameter space 

of systematic series was created before do the hull 

modifications. The modification process has varied 

the block coefficient and length of waterline of the 

basis hull. Thirdly, all the modified hulls were 

analysed using Maxsurf Resistance. In fourth stage, 

the best modified hull will be selected. Several 

requirements needed to be verified for the selected 

hull form. After the selected hull was finalized, it 

had been analysed using Computational Fluid 

Dynamics (CFD) simulation. The purpose of 

resistance analysis using CFD is to determine the 

total resistance of a designed hull form at its 

designed speed. 

 

RESULTS AND DISCUSSION 

Figure 1 shows the power required for 

paddler at varying speeds. At the men category, 

paddler required 159.64 Watt of power to obtain 

speed 6.244 knots using actual canoe. By using the 

Hull G71, paddler only requires 140.12 Watt of 

power to maintain the same speed. It means the 

paddler required 12.23% less power to propel the 

canoe. On speed performance, to obtain speed at 

6.224 knots, paddler required 159.64 Watt of power 

using actual canoe, meanwhile by using hull G71 

with the same energy, paddler will propel the canoe 

at 6.44 knots.  

 

In women category, paddler required 63.91 

Watt of power to obtain speed 4.663 knots. By using 

Hull G71, paddler requires 60.14 Watt of power to 

maintain the same speed. It means the paddler 

required 5.9% less power to propel the canoe. On 

speed performance, to obtain speed at 4.66 knots, 

paddler required 63.21 Watt of power using actual 

canoe, meanwhile by using hull G71 with the same 

energy, paddler will propel the canoe at 4.80 knots. 

Hull G71 give advantages to the paddler in 

improving speed performance. 

 
Figure 1: Power Curve for Basis Hull and Hull Form 

G71 

 

CONCLUSION 

The main objective to improve the speed 

performance of K1 category UTM canoe while 

maintaining within competition rules was achieved. 

Hull form G71 has improved the speed performance 

3.5% for men category and 3% for women category. 
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INTRODUCTION 

 The vast area of Malaysia’s coastline is a 

huge advantage making tidal range energy a reliable 

alternative energy source for the country.  Hence, 

Malaysia has the potential to develop an ocean 

energy program such as tidal energy barrage.  

 From the previous research, the potential 

location to implement a tidal barrage is at Pulau 

Langkawi. The proposed design consists of a single 

basin, sluice gates and embankment. The tidal 

barrage also generates energy from a two-way 

generation method. By using the two-way 

generation method, an estimated Annual Output 

Power of 0.46Gwh was produced from the concept 

design.  

 

EXPERIMENTAL SETUP 

First and foremost, a new estimation was 

made on the annual power output of the tidal 

barrage. The calculation was made using the highest 

tidal rang in the year of 2017 from the previous 

study to produce the maximum annual power output. 

The annual power output is calculated theoretically 

with an average efficiency of 33%. Next, the 

selection of the turbine was done using a turbine 

selection graph by calculating the turbine discharge 

at first and the parameters of turbine is calculated 

also using such as the throat area of the turbine and 

the turbine diameter. The development of 

preliminary design of tidal energy plant is 

established on the basis of Saemangeum tidal power 

plant at Korea [1]. The dimensions of the 

powerhouse are achieved in conjunction with the 

specific site conditions and turbine parameters. 

Lastly, the technoeconomics assessment is done 

using Net Present Value (NPV) method. Based on 

the basis of Saemangeum tidal power plant at Korea, 

the investment cost is simplified to the construction 

cost of the tidal barrage. The NPV is calculated with 

a 40 years’ lifetime expectancy, 10% discount rate 

and two turbine installation. 

 

RESULTS AND DISCUSSION 

 The energy potential of the tide cycle calculated 

is a total of 192759.14 J with duration of 12 hours 

and 50 minutes. Annual energy output calculated 

using Equation 2.2 and Equation 2.3 at low 

efficiency is a total of 1.48 GWh/year. There is an 

increment in the value from the previous study 

which is an estimated amount of 0.46 GWh/year. 

This is due the highest tidal range is taken into 

consideration for the maximum estimated value.  

 The calculations in determining the dimensions 

and particulars are with the reference of the turbine 

discharge. Thus, an iteration of step height is used 

accordingly. The calculated diameter of the bulb-

type turbine is 0.72 m with the rated power of 

0.0051MW/turbine. The turbine discharge flow rate 

is 2.41 m3/s. As for the sluice gate, it is designed 

with the width of 1.66 m, height of 1.80 m and 

discharge of 17.70 m/s 

 The powerhouse’s dimensions are calculated 

with the combination of specification site realities 

and the dimensions of the selected bulb type. The 

total length of the barrage follows the width of the 

basin which is 310 m. The powerhouse’s dimensions 

are shown in Figure 1.  

 

 
      Figure 1 Dimension of Design Powerhouse 

 

 From an economical perspective, the project is 

feasible and profitable as the Net Present Value 

(NPV) is positive after the first three years.  

 

CONCLUSION 

 The development of tidal energy barrage at 

Pulau Langkawi has the potential to be established 

to harness tidal energy and it is also profitable. Tidal 

energy barrage is a suitable alternative for 

generating electricity in selected sites in Malaysia. 
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INTRODUCTION 

Suspension system is a system between 

tires and car body in which to support the body 

weight, absorbs and dampens shock and helps 

maintain tire contact. The suspension system allow 

the relative motion between the tires and the car 

body (Ankita R. Bhise, 2016). Nowadays, the 

demand in better ride comfort and stability be a 

crucial required in every passenger car user and 

semi-active suspension is the solution. Half car 

model is used to analyse and evaluate the 

performance of suspension system by using 

MATLAB Simulink (S Abramov, 2009). This 

evaluation can be made analytically and the result is 

expected same with the real condition. 

 

SIMULATION WORK 

First of all, the passive suspension system 

will be developed by using MATLAB Simulink. 

Then, the results of the passive suspension system 

will be analysed and verified to confirm the car 

model. After that, the semi-active suspension will be 

developed by developing the controller for the ideal 

case. Next, the Magneto-rheological damper will be 

developed by using MATLAB Simulink. Semi-

active suspension system can be developed by 

combining the car model, controller, voltage 

generator and magneto-rheological damper model. 

Finally, the results of the semi-active suspension 

system will analyse and compared with the passive 

suspension system to see which suspension system 

is better in order to serve a better ride comfort and 

stability. For the input, three road profile are used 

which are rolling effect, pitching effect and 

combination effect. 

 

RESULTS AND DISCUSSION 

The results that will be discussed are 

Passive Suspension System, Ideal Semi-active 

Skyhook, Magneto-rheological Damper and also 

Semi-active Suspension System with MR Damper. 

The results of the simulation are shown by using 

scope. Then, the results are exported to the 

MATLAB Workspace to plot a proper graph results. 

The passive suspension system model is 

successfully built by using MATLAB Simulink. The 

passive suspension model is differ from the semi-

active suspension model because the passive 

suspension model only have a fix characteristic of 

damping coefficient. Due to that, the settling time 

for the suspension spring is longer than the semi-

active suspension system. Based on the figure 1 the 

semi-active suspension is better than the passive 

suspension system. The body displacement is lower 

than the passive and the settling time is faster than 

the passive suspension system. This show that the 

semi-active suspension system is better than the 

passive suspension system.  For the rolling angle, 

the first road profile result do not involve the rolling 

rate, therefore the rolling angle is not available for 

this road condition.  

 

Figure 1: Body Displacement vs Time Passive and Semi-

active. 

 

Table 8 The RMS value for improvement. 
 Passive Semiactive Improvement% 

Body 

Displacement 
0.007879 0.006116 22.38 

Roll Angle 0 0 0 

Body 

Acceleration 
4.753 5.259 -10.65 

Tire 

Displacement 
0.01126 0.01122 0.355 

 

 

CONCLUSION 

The semi-active suspension system offer a better 

ride comfort, road handling and stability than the 

passive suspension system based on the results of 

passive suspension model and semi-active 

suspension model that have developed by using 

MATLAB Simulink. Body displacement, settling 

time, body acceleration and roll angle improved.  
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INTRODUCTION 

Injection Moulding is a manufacturing 

process where the molten will be injected into 

different type of mould. In manufacturing the 

simulation is use to indicate the defects exist and this 

software will helps to eliminate or minimize the 

effect before real production start to produce the 

product. This will help in saving waste of the 

material and become more efficient [1]. 

 

METHODOLOGY 

This project is being conduct in steps that 

involve variety software. For the design, software 

use is the Unigraphics NX8.0. While for the analysis 

the software involve is MoldFlow to run the 

simulation and Minitab is use for the data 

interpretation. The method use is DOE approach. 

The selected plastic product is the speaker cover. 

The material use will be Acrylonitrile-butadiene-

styrene, (ABS) and 10% Recycle-Acrylonitrile-

butadiene-styrene,  

(R-ABS) 

 

RESULTS AND DISCUSSION 

The results of the simulation test were 

taken from MoldFlow software. The results of each 

response then are combining together as overall 

evaluation criteria (OEC). There will be two (2) 

OEC data which is from ABS and also 10% R-ABS.  

To observe the defect of shrinkage, sink 

mark and weld line when using different type of 

materials between ABS and R-ABS. From figure 1 

and 2 shows the significant parameter, the 

significant parameter is the bar that past through the 

t-limit. The t-limit from the graph ABS is 0.1160 and 

10% R-ABS is 0.1238. The significant parameter for 

both material was A, melt temperature. 

From the ANOVA table, the p –value of 

each response that less than 0.05 shows that the 

response is significant. But the interaction parameter 

also need be analyze carefully because the slightly 

change of value will interact the other parameter. 

Because each of the parameter is mostly have 

interaction between each other [2]. 

 The individual analysis is to find out the 

effect of the parameter to each parameter 

respectively. For individual analysis, the steps to 

analyze them are similar with OEC analysis. The 

only different is the quality characteristic which is 

depends on the response itself which mean the 

smaller is better for this analysis. The percentage of 

error for this analysis must be less than 5%. 

 

 
Figure 1: The Pareto chart for ABS 

 

 
Figure 2: The Pareto chart for 10% R-ABS 

 

CONCLUSION 

In this project, the injection moulding characteristics 

for optimal speaker cover were successfully being 

simulated using MoldFlow software. The defects 

investigate which is shrinkage, sink marks and also 

weld line are improve using the parameter selected 

which are melt temperature, injection pressure, 

cooling time, mould temperature, packing time and 

packing pressure. The optimum parameters for both 

materials are also determined using DOE approach. 
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INTRODUCTION  

Keeping children of 4years to 6years ages 

safe and healthy is one of the most important tasks 

of child care providers. Whether children are in 

center- or home-based care, providers are 

responsible for ensuring safety both inside and 

outside their child care setting. Health and safety are 

major concerns for child care providers when 

transporting children. They should be prepared to 

prevent injuries and illnesses to handle emergencies. 

As a child care provider, you know that 

unintentional injuries will happen from time to time. 

The best way to handle an unintentional injury is to 

be prepared before it happens. When you know how 

to respond in an emergency, and have the supplies 

you need, you are confident and can respond in a 

timely manner. The objective of this undergraduate 

project is                      to identify safety and health 

issues (macro and                     micro) in a kindergarten 

and to develop an                     intervention program 

for safety and health in a                     kindergarten. 

 

EXPERIMENTAL SETUP  

The study starts with literature review. 

Some analysis tool that has been used for the work 

study was identified. Interview has been done with 

teachers, students and parents to get the specific 

information and identify the safety and health 

management problems. Direct observations and 

discussions with teachers and students were made 

on complete process flow to identify the lack of 

safety issues here. Data was analysed using layout 

flow chart, and process flow chart and previous 

study. The safety and health problems were analysed 

using Pareto and HIRARC. Suggestion on 

improvement of management on safety issues with 

engineering analysis has been done. 

 

RESULTS AND DISCUSSION  

 

 

 

 
 

 

 

 

 

 

 

 
Figure 1: Engineering Control: To suggest a handrail to 

fix at uneven stairs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Pareto chart problem identification in case 

study kindergarden 

 

CONCLUSION  

All the objectives have been achieved: 

• Hazards have been identified in macro and 

micro ergonomics.    

• Control measures have been suggested 

from engineering design and 

administrative control. 
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INTRODUCTION 

The purpose for this project is to identify 

the ergonomic hazard at the rubber company and 

suggest an improvement in order to reduce the 

ergonomic hazard.  HIRARC and Pareto chart were 

used to determine the process in the production that 

has high risk. There are 5 departments in the 

production line such as mixing, extruded, molding, 

splicing and sanding.  3 processes were selected 

from the HIRARC results that have high score for 

the risk level. The initial ergonomic risk assessment 

(ERA) was used to determine the ergonomic hazard 

in the 3 process that selected from the HIRARC 

analysis.  Process of transferring the liner from the 

pallets to the table conveyor has high risk with high 

score. Next the advance ERA used to determine the 

suitable method for the selected hazard. An 

assessment repetitive task (ART) was used to 

determine the risk level in the repetitive motion 

factor while Manual Handling Assessment Chart 

(MAC) was used to determine the risk level in the 

forceful exertion factor.  Both methods show the 

high level of risk. The morphological chart was 

constructed in order to get some idea to create some 

design that help to reduce the ergonomic hazard at 

the selected process.3 conceptual design was 

sketched and have been evaluate using concept 

matrix selection. Adjustable platform was selected 

as a final design. Existing conveyor assisted with the 

proposed adjustable platform were suggested.  The 

solid work was used to design and make the 

simulation on the final design. The engineering 

analysis was conducted on the adjustable platform 

in order to identify the safety condition when 

applied the force. The result of the initial ERA, ART 

and MAC after using the adjustable platforms shows 

the improvement compare to the result on the 

existing activity. This show the adjustable platform 

was helped to reduce the ergonomic hazard. 

 

PROJECT OBJECTIVES 

The aim of study are to identify the 

ergonomic hazard and suggest some engineering 

control based on the problem identified. 

 

METHODOLOGIES 

The data collected by interview with the 

SHO and oberservation in the production line in 

order to identify the ergonomic hazard and come out 

with the design improvement. Solidwork was used 

to perform the engineering analysis and validate the 

design 

 

 

 

RESULT AND ACHIEVEMENT 
Proses of the transferring the liner from the 

pallet to the conveyor table was identified as a high 

risk process based on the HIRARC, initial ERA, 

MAC and ART. The adjustable design was purpose 

in order to reduce the risk of ergonomic. 

  

 
Figure 1: adjustable platform with existing 

conveyor 

 

Figure 1 show the adjustable platform that 

abended with the exisitng conveyor. The workers 

only need to adjust the suitable level of the platfrom 

and transfer the liner to the convayer 

  

Table 1: the result of the Advance ERA after 

improvement 

 
 

Besed on the table 1, assessment repetetive 

task (ART) and Manual Handling Assesmet Chart 

(MAC) were used to identify the risk level for 

forceful exertion and repetetive motion factor 

respectively. Both method show the result more that 

50 percent of improvement when using the 

adjustable platform. 
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INTRODUCTION 

 Ergonomics is defined as a science of 

interactions between man and technologies which 

has the aim to make compatible tasks, equipment, 

environments and systems with the needs, abilities 

and limitations of people. Therefore, the optimizing 

of this interaction can create the best working 

conditions and increasing work efficiency [1][2]. 

The ergonomics study is done at a tile 

manufacturing company. This company is located at 

Pasir Gudang, Johor. It focuses on the departments 

of QA inspection, Warehouse and Packaging. 

However, Firing department that have critical issues 

been selected to be suggested for control measure. 

The improvement is based on conceptual design 

assisted with functional model without real 

implementation. 

 

CASE STUDY AND PROBLEM ANALYSIS 

Three departments were chosen which QA 

inspection, Warehouse and Firing. The problem 

were analysed by using initial ERA from the 

Guidelines on Ergonomic risk assessment at Work 

Place (DOSH, 2017). After going through all the 

elements in the factors of ergonomic, the summary 

score of initial ERA were obtained as shown in the 

Table 1. 

 
Table 9: Summary score of initial ERA from 3 

department

 

According to Table 1, firing department shows the 

highest number of factors that exceed the maximum 

value. This department were exposed with awkward 

posture, static and sustained work posture, forceful 

exertion and repetitive motion. Then, advanced 

ERA is conducted in this department for further 

investigation. Table 2 shows the advanced ERA 

using REBA, NIOSH lifting and ART tool. The 

score proved that the firing workstation has high risk 

for awkward posture, forceful exertion and 

repetitive motion. 

Table 2: Advanced ERA tools 

 

 

As a control measure, the engineering design should 

be done in this department. 

 

PROPOSED DESIGN AND DISCUSSION 

Current job is the worker need to lifting the 

boxes from existing conveyor to the pallet. 

Improvement is done by redesigning the 

workstation. Pallet will be located just beside the 

conveyor. Then it will be assisted by a new machine 

called Box Arrangement Machine. The machine 

consists of ball table conveyor (to assist in arranging 

the box easily with the pattern required), hydraulic 

lift table (to higher and lower the level of box layer 

according to level on the pallet) and fixed bar (to 

assist in holding the boxes and control the 

arrangement on the pallet).Figure 1 show the full 

layout of the proposed design. 

 
Figure 1: Layout of proposed design 

 
CONCLUSION 

  The ergonomics hazards have been 

identified in a tile manufacturing company. Initial 

ERA from the Guideline provided by DOSH have 

been used. Advanced ERA such as REBA, NIOSH 

lifting and ART were used to further detail the 

ergonomics problem. A new arrangement of 

workstation assisted by a Box Arrangement 

Machine have been proposed. Based on the 

assumption using advanced ERA tools, the new 

workstation has successfully reduced the 

ergonomics issues of awkward posture 90%, 

forceful exertion for 98% and repetitive motion 

71%. 
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INTRODUCTION 

Over recent years, there has been an 

explosive case study is done at a ball milling 

department at a tile manufacturing company. 

Ergonomic hazards are identified and engineering 

design was proposed. Pareto Analysis is used to 

identify the critical process. Ball milling department 

was selected and Ergonomic Risk Assessment 

(ERA) including REBA, ART and Lifting NIOSH 

were used to analyse existing activities. Engineering 

analysis was done to the proposed design. It was 

going through evaluation matrix of conceptual 

design. A system that integrating conveyor, cutter 

and chute were proposed. Improvements based on 

engineering analysis such as static analysis was 

done using SolidWorks. Validation of final design 

was done by the Safety and Health Officer from the 

company. REBA analysis shows that the score 

before improvement was 12 while after 

improvement was suggested, the score was 5. For 

ART, before improvement, the penalty score was 

21.75 while after the suggestion, the score was 8.25. 

For Lifting NIOSH analysis, before improvement, 

the origin and end lifting index were 3.91 and 2.19. 

After suggestion, the lifting index were 3.06 and 

1.89 

 

PROJECT OBJECTIVES 

The aim of study are to identify ergonomic 

hazards in a ball milling production at a tile 

manufacturing company and to suggest a work 

station design that reducing ergonomics hazards  at 

least 10%. 

 

METHODOLOGIES 

Study starts with literature review. Some 

analysis tool that has been used for the work study 

was identified. Interview has been done with Safety 

and Health of the company and the workers to get 

the specific information and identify the ergonomic 

problems. Direct observations and discussions with 

workers were made on complete process flow to 

identify the critical hazard. Data was analyzed using 

layout flow chart, and process flow chart and 

previous study. The ergonomic problems were 

analyzed using Pareto, Ergonomic Risk Assessment, 

REBA, ART and Lifting Niosh. Improvement of 

workstation design with engineering analysis has 

been done including functional analysis, design 

concept, and morphological chart. The final design 

has been selected by evaluation matrix and is 

validated by SolidWork and discuss with SHO. 

From the final design, ergonomic analysis has been 

done by using REBA, ART and NIOSH Lifting 

analysis. 

RESULT AND ACHIEVEMENT 

After all the analysis and problem 

identification, the major problem is at ball milling 

production. There is no design of the workstation, 

which leads to ergonomic problem. Worker need to 

lift manually 15 bags of 25 kg of raw materials from 

the pallete to the manhole one by one (distance 3m) 

and he need to bend down his body in order to cut 

the bag and pour them into the manhole. Worker has 

to repeat this activity for about 15 times for one ball 

milling station. Study on the existing method shown 

opportunities for improvement. 

 

 
Figure 1 Ball milling workstation  

 
Figure 1 shows the new workstation design that will 

used to move the bag from the pallet to the manhole 

by using slat conveyor and roller. It also equipped 

with a cutter system to open up the bag in order to 

reduce bending posture. The worker just need to pull 

the bags from the pallet to the salet conveyor and it 

will move automatically to the roller. 

 

 
Figure 1 Sanding Tool 

Figure 2 shows the cutter system equipped in the 

workstation design. The paddle at the cutter is used 

to move the blade. The spring at the paddle allows 

the balde to back to the original position. Other than 

that, it would be easier for the worker to cut the bag 

compared to existing method used. 
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INTRODUCTION 

Electric vehicle (EV) is a vehicle that 

uses electric motor(s) to provide rotating forces to the 

wheels to move the vehicle. It mainly uses battery to 

power up and does not produce tailpipe emissions. A 

data telemetry system is a data monitoring and 

acquisition system that records and transmits data from 

one location to another through wire, wireless or 

combination of both methods. As the usage of remote 

control (RC) cars becomes more prominent in various 

fields, it is important for these cars to have a telemetry 

system for monitoring purposes. This research focuses 

on a telemetry system for an RC car that can record and 

transmit data for real time data monitoring and 

acquisition. The objective of this research is to design 

and develop an onboard data monitoring & acquisition 

system for electric vehicle and to design and develop a 

wireless data telemetry system for electric vehicle. 

 

METHODOLOGY 

The data telemetry system is made up of 

two subsystems; onboard and wireless systems. The 

development of both subsystems starts with hardware 

selection followed by hardware integration and RC car 

integration. The hardware used are Arduino Uno, 

MPU6050 IMU Sensor, MAX471 Voltage Sensor, 

HC-12 Serial Communication Module (RF 433Mhz), 

LCD Display Shield and Memory Card Shield. All of 

the hardware are integrated together using Arduino 

IDE software. The onboard system is fitted to the RC 

car and is powered by a 9V battery. As the RC car is 

driven around the area of study, it will record data and 

transmit it to the wireless system stationed at a fixed 

location. The wireless system is connected to a laptop 

for real-time data monitoring. 

 

RESULTS AND DISCUSSION 

Figure 1 shows the circuit diagram of the 

onboard system and the arrangement of hardware on 

the RC which will collect data, save it in an SD card 

and transmit it to the wireless system. Figure 2 shows 

the circuit diagram of the wireless system and the 

hardware of the wireless system which will receive 

data from the onboard system. Table 1 shows 

comparison of the CRMS values of the data collected 

from both the systems. The CRMS values are 

calculated using MATLAB-Simulink. The percentage 

of error indicates the difference between the data from 

both the systems. A zero percent error means that there 

is no difference in the data. This shows that there is no 

data loss between the systems during data 

transmission. 

 

  

Figure 1: System layout and hardware of 

onboard system 

 

  

Figure 2: System layout and hardware of 

wireless system 

 

Table 1: Comparison of CRMS Values of Both 

Systems 

Parameters Recorded Onboard Wireless Error 

(%) 

Longitudinal 

Acceleration (Ax) 

0.7802 0.7802 0 

Lateral Acceleration 

(Ay) 

0.8333 0.8333 0 

Voltage 7.831 7.831 0 
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INTRODUCTION 

Due to its light, quiet, small, cheap 

characteristics, many light aircraft converted into 

light attack aircraft for Close-Air Support (CAS) 

mission in war. Such aircraft usually designed to 

have external stores mounted below its wing. 

Previous study by Mithcam [1], Yeakly [2], and 

Lazim [3] was done on fighter aircraft discovered 

that the installation of external stores increased drag 

coefficient, reduced lift coefficient, aircraft static 

stability in longitudinal and directional mode. 

Manaf [4] did a study to the same light aircraft 

model used in this paper and found the same results. 

Hence, this paper interested to study the effect of 

installing dual external store in series to SME-MD3 

aerodynamic characteristics. 

 

EXPERIMENTAL SETUP 

SME-MD3 aircraft model is a 15% scaled 

down model which was fabricated based on MD3-

160 AeroTiga. Three sets of experiment were done 

in UTM-LST at 30 m/s, namely clean wing, single 

store, and dual stores configuration. Two 

measurement techniques were utilised namely using 

steady external balance to obtain six components of 

forces and moments and surface pressure 

distribution along wing airfoil. 

 

RESULTS AND DISCUSSION 

According to Figure 1(a), lift curve, and 

maximum lift coefficient decreased with dual stores 

installed. It is due to pressure increased on the upper 

surface of the wing which generates significantly 

low lift force compared to clean wing and single 

store configuration. 

 Drag coefficient shown in Figure 1(b), 

increased at low angle of attack because of parasite 

drag also increased corresponding to addition of 

aircraft planform and surface area. As it pitches even 

higher drag coefficient was reduced. This is due to 

the flow is still attached due to Coanda effect 

occurred in between of external store and wing 

leading edge. 

 

 
Figure 2: (a) Lift coefficient against angle of attack, (b) 

Drag coefficient against angle of attack 

Graph depicted in Figure 2 shows that the 

longitudinal static stability of the aircraft reduced due to 

the magnitude of pitching moment coefficient for dual 

external stores configuration is greater compared to the 

other configurations. 

 
Figure 3: Pitching moment coefficient against angle of 

attack 

CONCLUSON 

Installation of dual external stores reduced 

lift coefficient while increases drag coefficient at 

low angle of attack. At higher angle of attack, with 

dual stores installed, drag decreased and flow 

separation was delayed. Furthermore, the 

longitudinal static stability of the aircraft decreased, 

and trim angle of attack shifted up. 
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INTRODUCTION 

Light aircraft is defined as aircraft with 

maximum take-off less than 12500lbs or 5670kg 

whereas external stores are comprised of fuel tank, 

missiles, bombs and camera that installed externally 

on the aircraft [1]. Due to the lightweight 

characteristic of the aircraft and high performance in 

combat mission results to high interest in converting 

the light aircraft to combat aircraft. However, when 

the external stores are mounted underneath the wing, 

it may affect the performance of the aircraft such as 

changes in the aerodynamic characteristics and 

promote flow separation [2].  

 

EXPERIMENTAL SETUP 

The experiment is conducted in UTM Low 

Speed Wind Tunnel (UTM-LST) with model tested 

of SME MD3-160 light aircraft model. The 

objective of the project is to investigate the effect of 

dual external stores installed in the light aircraft 

model. Thus, the model is tested with three 

configurations of clean wing, single external store 

and dual external stores. Two methods are applied 

to obtain the aerodynamic characteristics and the 

pressure distribution which are UTM-LST external 

force balance measurement and surface pressure 

measurement.  

The aircraft model is tested at 30m/s 

corresponds to Reynolds Number 0.463x106, angle 

of attack, α ranges from -4° to 15° and yaw angle 

from -10°to 10° 

 

RESULTS AND DISCUSSION 

In the calculation of aerodynamic 

characteristics and pressure coefficient, the 

equations used are based on Anderson [3] and the 

blockage correction such as solid and wake blockage 

are considered to increase the accuracy of the results 

based on Rae [4]. Figures show below indicate the 

result to compare the effect of store at different yaw 

angles and three configurations as stated above.  

The installation of external stores has 

reduced the lift at 13% and increased the drag of the 

aircraft at 1.2% as shown in Figure 1. This may due 

to the increase of frontal area on the aircraft model 

and the addition of wake generates by the external 

stores to initial wake of wing to create bigger wake 

behind the aircraft. 

 The longitudinal stability of aircraft shows 

reduction and increased in trim angle when external 

stores are installed as shown in Figure 2. However, 

the configurations of single external store and dual 

external stores are considerably small at a 

percentage of 0.5% compare to clean wing 

configuration of 6%. It can be said that the effect in 

adding another external store on the model does not 

affect much in stability of the aircraft. Overall, the 

aircraft is said to be longitudinally stable as negative 

slope is obtained 

        
Figure 1: CL vs α and CD vs α 

 

 
Figure 2: CM vs α. 

 

CONCLUSION 

The experiment shows that installation of dual 

external stores has reduced lift increased in drag. 

Longitudinal stability is also reduced with an 

increased of trim angle. But it is said to be stable as 

negative slope is obtained.  
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INTRODUCTION 

 The Blended Wing Body (BWB) 

configuration is a new design concept in aircraft 

design in which provide greater volume, 

aerodynamic and structural efficiency and 

significantly improved on travel cost-per-seat [1]. 

The approach design of BWB is to maximize the 

overall performance and efficiency by integrating 

fuselage and wing into single lifting body. BWB is 

a unique tailless single entity where the fuselages 

merged with wing and tail. Salazar [2] studies that 

BWB has flattened and airfoil-shape body which 

contributes higher lift than conventional ones. This 

paper will focus on experimental flow visualization 

studies on UTM-BWB model. The aerodynamic 

characteristic such lift coefficient, drag coefficient, 

pitching and yawing moment coefficient are 

obtained and compared. In addition, tuft 

visualization on the surface of BWB is performed in 

the wind tunnel to observe the flow pattern at 

various angle of attack and sideslips angle. 

 

EXPERIMENTAL SETUP 

The test was run at single airspeed of 25 

m/s and the corresponding to the Reynold number of 

0.666 × 106 based on mean aerodynamic chord 

length of 423.4 mm. The angles of attack, α varied 

from, α = -3° to 15° with the orientation of sideslip 

angle, β =-8°, -4°, 0°, 4°and 8° for steady balance 

measurement and tuft visualization. The main 

objective of the experiment was to analyze the flow 

properties on the model surface through 

aerodynamic characteristic obtained from steady 

balance and tuft data. Steady balance 

measurement[3] is used to obtained six-degree of 

freedom, forces and moments which then be convert 

to obtained aerodynamic properties. The data will be 

plotted and observed the flow characteristic. Flow 

tuft visualization technique[4] used to show the 

instantaneous flow pattern formed by the tufts stuck 

on to the BWB model surface. 

 

RESULTS AND DISCUSSION 

 

 
Figure 1: flow visualization at high region 

 

In Fig. 1, at high angle of Attack, α = 15°, it can be 

seen that the vortex breakdown occurs on the upper 

surface of the BWB. Vortex breakdown is a 

phenomenon due to abruption and the drastic change 

of vortex generation in at the high angle of attack 

region. The flow fully separated on the outer wing. 

The vortex breakdown in this case occur on the 

merging side of fuselage and outer wing which is 

shown in Figure 4.8. The thread on a particular area 

seem to tangled and tie up due to roll-up vortex that 

suddenly happen after changing to high angle of 

attack. The major factor that contributing the vortex 

breakdown are the shape of BWB model itself and 

high angle of attack when conducting the 

experiment. The vortex development and 

breakdown pattern for both left and right side are 

symmetrical. [5] 

 

CONCLUSION 

The results presented in this paper showed that the 

steady streamline flow does not separate at low 

region. As the angle of attack increase, the flow 

started to separate. The size of spiral- vortex expand 

in chordwise as well as spanwise direction to the 

downstream on the model surface. Approaching 

high angle of attack region, the vortex phenomenon 

occurs before it reached maximum angle of attack of 

15°. The vortex generation affect the aerodynamic 

properties. 

 

REFERENCES 

[1] P. Mahamuni, A. Kulkarni, and Y. Parikh. 

Aerodynamic Study of Blended Wing 

Body. Vol. 9, pp. 29247-29255, 2014. 

[2] O. V. Salazar, J. Weiss, and F. Morency. 

Development Of Blended Wing Body 

Aircraft Design. 2015. 

[3] S. Mansor. Low Speed Wind Tunnel 

Universit Teknologi Malaysia. [Online].  

[4] W. Shen and A. Pang. Tuft Flow 

Visualization. ed. University of California, 

Santa Cruz, 2001. 

[5] L. Z. Yong and Z. L. Guo. Study on Forms 

of Vortex Breakdown over Delta Wing. 

Chinese Journal of Aeronautics, vol. 17, 

2004. 

 
 

 



Procedia Undergraduate Mechanical Engineering Research 

Volume 1, September 2019 

201 
 

ARCHITECTURE IMPROVEMENT OF ELECTRONIC BRAILLE AL-QURAN BASED ON 

SINGLE-BOARD COMPUTER  

Ahmad Syahrin bin Shahriman and Shaharil Mad Saad 

School of Mechanical Engineering, Faculty of Engineering, 

Universiti Teknologi Malaysia, 81310 UTM Skudai, Johor, Malaysia 
 
INTRODUCTION 

eBraille Al-Quran is a project aimed to aid 

the visually impaired and blind Muslims in their 

journey of reading the Al-Quran. Although the 

eBraille Al-Quran provides ease of access for the 

blind people to recite the Holy Quran [1], it can be 

further improved with Single-Board Computer 

(SBC). SBC is a complete functioning computer 

built on a single circuit board excellent for simple 

computing purposes. Raspberry Pi 3B+ is the chosen 

SBC for this project that aims to propose an 

improved architecture that can implement the same 

functionalities with added features and benefits.  

 

EXPERIMENTAL SETUP 

The methodology of the project comes out 

as a step by step process. First, the main issue of the 

eBraille Al-Quran is identified. Constructing a new 

architecture of the eBraille Al-Quran does not mean 

a complete overhaul of the existing one hence the 

existing features of eBraille Al-Quran is identified. 

Next comes the designing phase of the new 

architecture using Raspberry Pi 3B+ based on the 

existing functionalities identified. A prototype 

circuit is then designed and fabricated for testing of 

functionalities, start-up time, OS corruption and 

battery consumption. 

 

RESULTS AND DISCUSSION 

A program made out from Python language 

is developed which tested out the functionalities 

proposed. Input keys which serves as navigational 

keys were tested and they function as intended. 

Execution of the program allows for reading and 

selection of surah, ayah, and verses of the Holy 

Quran using the navigational keys. Output of braille 

cells can be read, and audio cue is heard for each 

verse. An additional feature of Virtual Network 

Computing (VNC) allows for ease of access and 

updating, which the eBraille Al-Quran needs. The 

startup-time and OS corruption are also tested which 

concludes that the proposed architecture starts 1 

second slower but is acceptable while OS condition 

is fine throughout. Result of battery consumption 

test shows an improvement by 1.2% as shown in 

table below. 

 

 

 

 

 

 

 

 

 

Table 1: Battery consumption test 

 

Test eBraille Raspberry 

1 8.11% 6.04% 

2 5.45% 4.19% 

3 5.80% 5.50% 

AVG 6.45% 5.25% 

 

CONCLUSION 

It can be concluded that the proposed architecture 

using Raspberry Pi 3B+ can carry out all the 

functionalities proposed while having slightly 

longer start-up time and no corruption to OS. The 

battery consumption is also lower by 1.2% 
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INTRODUCTION  

In an era that is very advanced in 

technology as today, the Graphical User Interface 

(GUI) is very necessary in all applications such as 

navigation application. It is a tool that has been used 

to navigate people in public places such as airports, 

shopping centers, hospitals and so forth [1-2]. 

However, the development of GUI for Local 

Positioning System (LPS) especially in indoor 

navigation is still lacking and inaccurate in term of 

no shortest routes and audio guidance presented. 

This project was undertaken to improve this 

development – which aims to help people to get 

clear navigation and direction to their navigation 

inside a building or local area. This project not only 

provide the navigation by visual but also with audio, 

where blind people also can use the functions of 

GUI. The development of GUI and all algorithms 

are completed by using LABVIEW while the LPS is 

based on Ultra Wide Band (UWB) technology 

which can give the accuracy less than 30cm [3]. At 

meanwhile, the user positioning is calculated 

through trilateration method.  

 

EXPERIMENTAL SETUP 

An experiment setup is conducted in order 

to measure the accuracy of UWB. In this 

experiment, firstly was set the position of tags in a 

4x4 layout and then followed by 3m x4m. Each 

layout uses 3 tags to place on 3 points, and 1 tag is 

held by the user. When the user is at a certain point, 

then the 3 tags placed on the layout will try to give 

information to the user where the real user is located. 

But usually the results of the information that the 

user gets will not be exactly the same as real value. 

Therefore, this test was conducted to find out how 

accurate this tag is to achieve real value. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                   (a)                                           (b) 

Figure 1: (a) Layout of 3m x 4m; (b) Layout of 4m x 4m 

 

 

 

 

RESULT AND DISCUSSION 

Figure 2 shows the results of the 

functionality of route marker, shortest route, 

distance, audio guidance, static routes and boundary 

(1-meter acceptable) of the route are in accordance 

with expectations. To test the performance of GUI 

in lab environment, reliability test is conducted. The 

result in Figure 3 shows that the maximum accuracy 

is 0.34 pixel (0.68m) while the minimum is 1 pixel 

(0.02m).  

 

 

 

 

 

 

 

 

 

 
Figure 2: Results of Functionality Test 

 

 

 

 

 

 

 

 

 

 
Figure 3: Results of Reliability Test 

 

CONCLUSION 

The result shows that the GUI of the system 

is function properly, where it able to show the 

shortest routes, distances in meter, and also audio 

guidance successfully.  Several experiments are 

conducted in a test bed environment which has 

layout 9m x 12m in order to test the reliability of the 

system. The result shows that the data obtained is 

still in one-meter walking boundary (1m acceptable 

limit) and meaning that the system is reliable. 
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INTRODUCTION 

UTM researchers have collaborate in the 

development of local Unmanned Aerial Vehicle 

(UAV) to provide design methods and solutions to 

support the advancement of local UAV industries. 

The prototype UAV has also potential to be 

commercial because of its technical. Camar-3 is the 

latest version of UTM UAV. Since Camar-3 is being 

developed through Computational Fluid Dynamics 

(CFD). Camar-3 is blended wing body. The airfoil 

for Camar-3 wing is SD 7062 and for the tail is 

NACA 0009. 

 

EXPERIMENTAL SETUP  

  Most widely used approach is calculation 

method by using USAF-DATCOM method, 

Roskam or Raymer method. Each of the methods 

has their own accuracy and approximation 

dependent on requirement. However, most widely 

used method is USAF-DATCOM and the method is 

being implemented throughout this study. Other 

method are Raymers and Roskam method. Both 

methods are very helpful in this study and they are 

also being implemented throughout the project[1]. 

In order to make work easier and faster, all the 

formulations were plug into software. Calculation 

on trim calculation, performance calculation and 

range and endurance for electric-powered propeller 

were done using Mathcad[2]. Mathcad is very 

helpful when dealing with many equations. 

 

 

RESULTS AND DISCUSSION 

Power required defined as the power we 

need to be providing in order for the aircraft to 

maintain a constant airspeed and constant altitude. 

Power available is the maximum power that we can 

produce with the electric motor. From Figure 1, we 

can observe there is a gap between the power 

required and power available. The gap in the Figure 

1, shows that there is extra thrust for the aircraft to 

climb. The bigger the gap, the higher the extra thrust 

that the aircraft can be used to climb at certain 

altitude. There is intersection between the power 

required and power available curve. The intersection 

point indicates that the power required and power 

available for the maximum speed of the aircraft. The 

speed at the intersection point is at 33.475 m/s which 

is the aircraft maximum speed, the power required is 

185.437 W, and the power available is at 190 W. 

When the aircraft achieved its maximum speed, 

there is no extra thrust for the aircraft to climb, 

therefore the aircraft cannot climb when it achieved 

its maximum speed. 

 

.

 
Figure 1: Power required and power available against 

speed 

 
 
CONCLUSION 

  Based on the results, the aircraft should 

be flying at around 17 to 20 m/s. At that speed 

there is minimum drag acting on the aircraft. The 

aircraft can be trimmed at that speed. While flying 

at the speed, the aircraft can save a lot of power 

from battery the aircraft also can climb to the 

higher when it has more thrust. When we can save 

a lot of power, the aircraft can travel a longer 

distance and time. The distance and time of 

aircraft travel is depending on the power of the 

battery and electric motor of the aircraft that can 

provide. The higher the power, the longer the 

distance and time travel by the aircraft. Therefore, 

the study is a success as all of the objectives of the 

study has been successfully achieve which are to 

study the longitudinal static stability and the 

aircraft performance. The trim speed is at around 

17 to 20 m/s. 
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INTRODUCTION 

The aircraft nowadays are getting longer in 

dimension and travels farther than previous days. 

Every time an aircraft is on a flight cycle, the center 

of gravity (CG) will never be the same; even on a 

cruising flight, the CG of an aircraft will be shifted 

due to the movement activities on-board as well as 

the reduction of fuel throughout the flight. An 

aircraft with excellent stability control design will 

maintain the aircraft within the safe flying envelope. 

However, the air above is never going to be 

smooth all way long. An unpleasant occurrence 

called clear air turbulence (CAT) can pose threat to 

flying aircraft. CAT is air movement created by 

atmospheric pressure, jet streams, air around 

mountains, cold or warm weather fronts or 

thunderstorms. It can be unexpected and can happen 

when the sky appears to be clear [ (Door & Adams, 

2018)1]. For a very long aircraft, a turbulence can 

cause chaos to passengers, especially when the 

passenger is at the last row of seat due to see-saw 

effect. 

 

EXPERIMENTAL SETUP 

Aircraft Boeing 747-100 is used as aircraft 

selection for this simulation. The position of CG 

changes is created, and mathematical model is 

created to find moment of inertia in pitch, Iy due to 

changes in CG. Aircraft state-space equation is 

developed to incorporate the effect of wind gust 

input. 

The gust model is simulated using one 

minus cosine idealization and three different gust 

frequencies are used as gust input towards aircraft; 

aircraft short-period frequency, 1 Hz and 10 Hz. 

Using MATLAB programme, the simulation code is 

written using “m-file”. 

 

 

RESULTS AND DISCUSSION 

The aircraft response violently when the 

gust hit at 1 Hz frequency when all cases show the 

high magnitude response of the aircraft at that 

frequency. However, the aircraft does not shift much 

when frequency of gust reaches 10 Hz, although it 

will be a very uneasy feeling in flight. The CG 

changes affects the aircraft when the frequency of 

gust is same as the frequency of aircraft or more, as 

shown in Figure 1. 

If the gust of same frequency with aircraft 

hits the aircraft, the magnitude of response is same 

for every CG changes, but the time response will be 

longer when CG is moved further backwards. 

Logically, the aircraft is heavier at the front when 

CG is moved to the rear, thus, more time is needed 

to “push” the aircraft vertically upwards.   

As for the gust hitting at 1 Hz, the aircraft 

acts vigorously as the magnitude of response show a 

staggering almost 1000 fps. Ironically the response 

magnitude is higher when the CG moves backwards 

of the aircraft. We believe that most of the severe 

turbulence effect are due to this range of frequency 

hitting the aircraft. It is similar as an aircraft being 

tumbled up and down like a washing machine. 

If the frequency of gust is increased further, 

10 Hz for instance, it seems like the aircraft does not 

shifted in vertical direction due to very small 

magnitude response. CG changes is believed not 

making any significant different in the response. It 

can consider as a noise to the aircraft. 

 

 
Figure 4 Aircraft response to various gust load 

frequencies at different CG. CG0 is CG optimum at 

104.1667 from nose 

CONCLUSION 

CG changes only affects the aircraft when the 

turbulence of same frequency of aircraft or higher 

hits the cruising plane. If the frequency of gust is 

same as aircraft frequency, the response magnitude 

is same for all CG change, but the responsive time 

is slower if the CG is shifted backwards. But if 

frequency of gust is at 1 Hz, the aircraft will have 

higher magnitude response when the CG is shifted 

backwards. We can conclude that backward CG will 

have more devastative effect towards the aircraft if 

hit by turbulence 
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INTRODUCTION 

To determine the aerodynamic 

coefficients for pitching of an aircraft with tail 

and without tail wind tunnel test has been 

conducted. A modified version with tail and 

without tail of an unmanned aerial vehicle (UAV) 

named CAMAR have been used to conduct the 

wind tunnel test. At the same time for an initial 

estimation, the coefficients have been calculated 

following the semi empirical method. How an 

aircraft without tail behaves with the longitudinal 

stability has been observed in this project with the 

value for pitching coefficients. And thus this 

project investigates the comparison between two 

methods to find aerodynamic derivatives for 

pitching. The objective is to investigate the 

longitudinal stability of an unmanned aerial 

vehicle(UAV) with tail and without tail following 

wind tunnel testing method and semi empirical 

method and come out with the value of pitching 

coefficients for both models. 

 

METHODOLOGY 

• Modified 3D version for both models 

have been printed to conduct the wind 

tunnel test. 

• Wind tunnel test has been done at 

different air velocities.  

• Using the software ‘TRACKER’ the 

oscillation graphs have been found for 

the pitching of the models. 

• From the graphs 〖W_n〗^2 and ζW_n 

have been found which later derived the 

value for 〖C_m〗_α for both model 

with tail and without tail  

 

RESULTS AND DISCUSSION 

 

Figure 1 shows the procedure of wind tunnel 

testing where the testing has been done at two 

different conditions and for wind on condition it 

has been three different wind velocities. 

 
Figure 1: Chart of the procedure of wind tunnel 

test. 

 

 
 

Figure 2: value of 〖C_m〗_α from two 

different methods 

 

Figure 2 shows the comparison between two 

methods with the results of the calculation and the 

results from wind tunnel test. The two methods 

have around 10% to 15% difference with the 

values for CAMAR with V-tail and CAMAR with 

winglet. However, the value from wind tunnel test 

is believed to be more realistic and accurate.  
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INTRODUCTION 

 In this research a cylindrical floating structure is 

used as a FPSO to study the numerical comparison 

on the motion characteristic of the cylindrical 

floating structure in regular wave and irregular 

wave. Basically, regular wave is wave that has same 

wavelength, same amplitude, a and same period, T 

while the irregular wave can be viewed as the 

superposition of number of regular waves with 

different frequencies or wavelength and amplitudes. 

The realistic ocean waves on an ocean do not look 

like this but the ocean waves are almost always 

irregular or random. 

 

EXPERIMENTAL SETUP 

       The first thing that need to concern to find the 

dimension and then design a cylindrical floating 

structure with AutoCAD. The catenary mooring 

system of 4x3 configuration is attached to the 

floating FPSO. The design and length are calculated 

depends on the depth of water. After that all the 

input to be key is determined based on scope of 

study for numerical simulation such as the depth of 

water, wave period, wave height and et-cetera. The 

wave type of Pierson-Moskowitz (PM) is decided to 

use during numerical simulation due to PM is the 

simplest spectrum that known as a fully developed 

sea. The motion of structure is focus at the heave and 

peak. Finally, the simulation of Ansys AQWA is 

running to obtained certain data. 

 

RESULTS AND DISCUSSION 

For the results, the data and graph that need 

to analyse is the comparison of the RAO of the 

motion structure frequency domain simulation and 

irregular wave time domain simulation. Also, the 

graph of the irregular short crest wave when the 

power of spreading function is remains constant 

while increase the number of sub-spectra. 

Based on Figure 1 and Figure 2, line of the 

graph should be reach to the zero line and remain 

zero, but the graph obtained is not behave like that. 

Therefore, it may be due to the cutting or the point 

perhaps is not occurred at the maximum position 

during simulation. Also, maybe that the position of 

the occurrence of natural frequency in not enough or 

maybe the frequency domain simulation not closely 

enough. 

 

 
 

Figure 1: The comparison of RAO at heave 

 

 
Figure 2: The comparison of RAO at pitch 

 

CONCLUSION 

 Based on the results, the frequency domain 

shows the lowest value of the RAO compare to long 

crest and short crest for both at heave and pitch. 

Also, at heave short crest has the highest RAO and 

at pitch long crest has the highest. In conclusion, in 

this project, Ansys AQWA package is used to run 

and to complete the research. Based on the results, 

the difference and comparison of the RAO of 

cylindrical floating structure estimate by frequency 

domain simulation and irregular wave time domain 

simulation is obtained. Thus, the main objective of 

the research is achieved. 
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INTRODUCTION 

Columns are used to provide structural 

strength and extra buoyancy force for any floating 

structure. The semi-submersible is one of the most 

reliable and cost effective structures for offshore oil 

and gas exploration in deep water [1]. 

The involving of columns in semi-

submersible’s structure design, provide good 

stability and seakeeping characteristic due to 

weather conditions (wave, current, and wind) 

requires high-safety standards for structures 

designed to operate in them. Compared with the 

traditional fixed/rigid structures, the 

floating/flexible state of the submersibles tends to 

attract much less forces [2]. 

 

SIMULATION SETUP 

The simulation setup is based on the 

variable of multiple column arrangement for semi-

submersible case. The other manipulated variable 

are the draft of each column arrangements model, 

number of columns and the columns diameter and 

its arrangement for each model and the waterplane 

area of each arrangements. The simulation also 

focuses of Tawau Sea region. The simulation 

software used is Ansys AQWA. The wave 

propagation condition is in head sea flow. 

 

RESULTS AND DISCUSSION 

For frequency domain analysis, the RAO 

from the simulation result is achieved. The analysis 

only focuses at heave and pitch case. Figure 1 

illustrates the RAO for heave condition where the 8 

column same diameter arrangement show the 

highest peak of response.  

For figure 2, the pitch RAO is plotted for 

all multiple column arrangement which are 4 

column, 6 column different mid diameter, 6 column 

same diameter, 8 column different mid diameter and 

8 column same diameter. The highest unstable 

arrangement for pitch is 8 column different mid 

diameter.  

 

Figure 1: Heave RAO predicted by Ansys AQWA for 

comparison. 

 
Figure 2: Pitch RAO predicted by Ansys AQWA for 

comparison. 

 

The finalize selection of which column 

arrangement has the most stable capability by 

undergoes minimal motion of heaving and pitching 

movement is for the time domain analysis.  

The significant motion value can be 

calculated and the result show the analysis from the 

RAO data is the same. The most stable multiple 

column arrangement for the multiple column 

floating structure is the 6 column with different mid 

diameter. 

 

CONCLUSION 

The RAO characteristic is valid from the frequency 

domain simulation the multiple column 

arrangement. The different of the frequency domain 

simulation compared to time domain simulation is 

the wave period involve in frequency domain is 

various compared to time series which is only one 

wave period is involved. 
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INTRODUCTION  

The use of the oil and gas as a reliable 

energy are increasing due to numerous used in the 

industrial, therefore the number of the offshore 

structure is increasing due to the offshore 

exploration activity to get the natural source. In the 

recent development in offshore industry floating 

structure are placed close to each other to help the 

system in offloading, bunkering and 

accommodation. Therefore, the safe gap distance 

and relative motion need to be study in order to have 

an optimum system.  

 

EXPERIMENTAL SETUP  

First and foremost, the semi-submersible 

and TLP model are modelled in AutoCAD using the 

actual scale. The modelled then import into the 

Ansys AQWA to determine the hydrodynamic 

diffraction which is response amplitude operator, 

RAO and the actual response of the models in 

hydrodynamic response. 

A different distance is used to study the 

relative motion of the semi-submersible and TLP 

structure and to find the minimum gap between 

them.  The simulation is simulated in irregular wave. 

The wave data that were used are from 10-year 

period data with 3s-5s period and 1m-4m wave 

height. The minimum gap distance was calculated 

from actual response data.  

 

RESULTS AND DISCUSSION  

 

 
Figure 1: shows Semi and TLP Surge RAO 

comparison 

 

From the surge graph comparison, it shows 

the highest surge motion for a different distance are 

by TLP 15m with 1.8 m/m, while lowest surge 

motion for a different distance are by Semi 15m with 

0.02 m/m. The line graph for Semi and line graph 

for TLP of surge motion shows about the same 

pattern with steadily decrease and became constant 

with 15m distance have the highest and lowest peak. 

From the figure 2, the graph show 

decreasing minimum distance with decreasing 

distance of the initial distance however at 15 meters 

initial distance, the minimum distance grew up a 

little. It shows the minimum distance occur at 18 

meters with 3.16 meter. From figure 3, 18 meters’ 

initial distance had the most movement percentage 

between the structure with 82% from initial 

distance. The lowest movement is by 25 meters 

initial with 59%. It also shows the pattern of 

maximum percentage movement of the both 

structures toward the surge motion increase with the 

decreasing initial distance however on the 15 meters 

initial distance, the percentage decrease about the 

same with 21.7 meters 

  

 
Figure 2: Minimum distance of initial distance 

 

 
Figure 3: Percentage movement of the structure 

from initial distance 

 

CONCLUSION  

The strong relationship between the 

minimum distance with the structures motion shows 

that the floating structures motion could be 

minimized by shorter distance. However, optimum 

is still needed especially in multiple floating 

structures system when both structures are place 

close to each other such as during the TAD system 

operation.  
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INTRODUCTION 

Aerodynamics is the study of the motion of 

air when it flows around a solid object. This research 

focus on the effect of groove on a flat plate. Groove 

acts as a vortex generator Vortex generator acts in 

the flow around the airfoil, by modifying the flow 

pattern through generation of small vortex so that 

the circulation around the airfoil changes. This 

experiment focus on evaluation of drag and lift force 

and pressure distribution on groove flat plate 

EXPERIMENTAL SETUP 
The experiment was conducted by using 

wind tunnel test. There is 4 different type of surfaces 

tested which are smooth, front, back and full groove. 

The drag and lift coefficient were obtained using 3 

component balance and data are recorded by data 

acquisition software. The pressure distribution was 

conducted by using manometer  

 

RESULTS AND DISCUSSION 

Figure 1 shows the results for smooth and 

grooved surface flat plate, There is a significant drop 

in 𝐶𝐷 value at the velocity of 5.2 m/s of the 

experiment between smooth and grooved flat plate. 

The drag coefficient between all groove surface flat 

plates are much lower to the smooth surface. The 

presence of groove on the surface of flat plate 

resulting in decrease in drag coefficient compared to 

the smooth flat plate. The addition of grooves on flat 

plates can reduce the drag coefficient up to 3.54% 

[1].  

 Based on the result obtained from Figure 2, 

it shows the inversely proportional trend smooth, 

front and back groove flat plate while for full groove 

flat plate it shows the mirror trends of those three 

surfaces. However, the comparison between smooth 

groove with front and back groove shows a different 

values in lift force where the smooth surface have a 

higher lift coefficient than front and back grooves.    

Figure 3 shows that the pressure 

distribution against distance from leading edge for 

smooth surface is lower compared to the grooved 

surface and for front and back groove, the pressure 

distribution is almost similar to smooth flat plate 

characteristics where there is no significant changes 

in this condition compared to the full groove 

 
Figure 1: Drag coefficient vs velocity 

 

 
Figure 2: Lift coefficient vs velocity 

 

 
Figure 3: Pressure coefficient vs distance from leading 

edge 

 

CONCLUSION 

In conclusion, the addition of groove causes 

reduction in drag of flat plate. It generate lift for 

smooth front and back groove while downfall for 

full groove. Pressure distribution of full groove is 

lower compared to other. 
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INTRODUCTION 

Cylindrical structures are submitted to 

wide applications in offshore and marine 

engineering field and structural applications. 

Circular cylinder produces large drag due to 

pressure difference between upstream and 

downstream direction of the flow [1]. But, with a 

passive control method applied, the drag can be 

reduced. Therefore, drag reduction towards 

cylinders has been the main objective in various 

investigations. Groove is a surface modification that 

could control flow. This research focuses on the drag 

reduction of groove cylinders. 

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for the project. Three test models consists of a 

smooth cylinder, half groove cylinder and full 

groove cylinder were tested in the low speed open 

end wind tunnel set at desired speed. The speed 

ranged from 5.2m/s to 35.5m/s. the drag and lift 

coefficient values are measured using a three 

component balance and the readings are recorded 

through the data acquisition software. For the flow 

visualization test, a smoke visualization technique 

was employed. A 1500W fog machine was used to 

produce the smoke. Streamlines are created with the 

help of honey comb. The flow behaviour on the test 

models was recorded using a DSLR camera. 

 

RESULTS AND DISCUSSION 

The drag and lift coefficient test was 

conducted on every types of cylinder which are 

smooth surface, full groove surface, groove on front 

half surface (Front), groove on rear half surface 

(Rear) cylinders. The trend of the drag coefficient 

results can be seen clearly in Figure 1. The smooth 

and half groove surface (Rear) produces highest 

drag coefficient while the other two cylinders 

showed a lower drag coefficient value. It can be seen 

that graph trend of all the cylinders indicates that 

drag coefficient decreases as the speed increases. 

This shows that the presence of grooves are effective 

in reducing the drag coefficient of cylinders. 

To relate the results of the drag 

coefficient, the flow visualization test have been 

conducted. Figure 2 shows the flow separation point 

with the aid of the red arrow as the flow separation 

point start. It can be seen clearly that the effects of 

the grooves in delaying the separation point are 

effective. Besides that, the recirculation length of 

smooth cylinder is much longer compared to other 

cylinders. Full groove cylinder showed the shortest 

recirculation length.  

Figure 1: Drag Coefficient against Reynolds 

number. 

 
Figure 2: Flow Visualization test results. 

 

CONCLUSION 

The result indicates that groove surfaced 

cylinder are effective in reducing drag and lift 

coefficient on the cylinder especially in the higher 

Reynolds number branch. The drag and lift 

coefficient test is consistent with results of smoke 

visualization test. The smoke visualization test 

showed that groove surface roughness reduces the 

recirculation length.  
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INTRODUCTION 

 Lean manufacturing is one of the most 

effective ways that many industries have applied to 

sustain competitiveness in the international market.  

Over recent years, most of the leading 

manufacturing companies have significant rise in 

profit because of implementation of lean 

manufacturing. This research is related to 

implementation of lean manufacturing to reduce the 

waste for an assembly process in an electronic 

assembly company. Ohno had identified seven 

categories of MUDA as: overproduction, waiting, 

transporatation, inventory, motion, and over-

processing [1]. This case study focuses on reducing 

lead time of the process to improve the performance 

of the manufacturing system. Suitable lean tools 

were applied to eliminate the main wastes in the 

assembly line to increase the productivity of the 

process. 

 

METHODOLOGY 

 Relevant data are gathered through 

observation, interview, document and record and 

data collection. Pareto diagram are built based on the 

process flow matrix rated to determine the major 

waste in the production system through interviewing 

the expert workers. Current value stream mapping 

(VSM) is constructed to evaluate the current 

manufacturing system. The most suitable lean tools 

are proposed to improve the system after reviewing 

the journals, articles and previous case study. Future 

VSM is built according to the proposed solutions 

and analyzing by calculating the value-added ratio 

(VAR). Lastly, simulation model is built to show the 

performance of the production system. 

 

PROBLEM IDENFICATION 

Waiting, transportation and inventory had 

contributed 77.6% to the overall waste. Therefore, 

they classified as major waste. The waiting waste is 

due to the long oven curing time. The long distance 

travelled for movement of parts between the station 

causes transportation waste. Besides, stagnation of 

inventory in certain station due to long processing 

time in previous station and overproduction.  

 

RESULT AND EVALUATION 

From the current VSM, VAR for current 

process is 6.46%. The proposed solutions to reduce 

the major wastes are eliminate of oven curing, layout 

rearrangement and Kanban card System. Based on 

the proposed method, future VSM is built and the 

analysis is done. The VAR for future state had 

increased to 17.56%. The simulation for both states 

had proved that the number of outputs increases by 

40.90%.  

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1: Current VSM. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Future VSM 

 

 

CONCLUSION 

The implementation of lean shows that the 

production lead time and work-in-progress had 

decreased. Besides, the simulation models also 

prove that the output had increased by practicing the 

lean production system. Hence, it can be concluded 

that implementation of lean manufacturing can 

improve the efficiency of the production system. 
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INTRODUCTION 

This project is about the improvement of 

the current existing layout of a manufacturing 

company by suggesting a much better layout 

alternatives for this company. In this thesis, IE tools 

will be implemented in order to assist the company 

in solving the current existing problem. The existing 

plant layout of the manufacturing company is not 

properly designed and organized. The workers need 

to go through a long distance travel. Therefore, 

much time is consumed for distance travelling 

between departments. Besides that, backtracking 

and cross-traffic cause the ineffectiveness of current 

layout to be prolong. As a result, proper evaluation 

and improvement to the existing layout is done to 

overcome this problem [1-4]. 

 

EXPERIMENTAL SETUP 

  To complete this project successfully, 

methodologies are determined. The project is 

initiated by searching for a company to conduct the 

case study. Several visits to the company has been 

made to understand more about the operation of the 

company, process flow of product, department 

layout and others. Next to justify the existing 

problem in the company, data collection and 

analysis are carried out using the IE Tools. The first 

step for the improvement, is by applying the Group 

Technology techniques for the existing layout. From 

there, two alternatives can be generated via SLP and 

MULTIPLE. Both of this alternatives will be 

compared together with the existing layout through 

manual calculation and also simulation model.  

. 

RESULTS AND DISCUSSION 

  There are two main problem found via IE 

tools which are the material flow smoothness and 

the total distance travelled for each department. 

From the Pareto chart shown in Figure 1, we can 

observe that this both problem accumulates almost 

86% of the overall problem criteria. 

Simulation models were developed to 

make the comparison between the current and the 

layout alternatives. All three models built are 

evaluated by using WITNESS simulation through 

interpreting the results obtained from the model. 

 Based on table 1, the alternative generated 

by using MULTIPLE method has the much lower 

value of total distance travelled between 

departments, 2422.56 metre per week as compared 

with the alternative developed by using SLP 

method, 2454.62 metre per week. From the 

comparison of alternative (MULTIPLE) with the 

existing layout, the reduction of total distance 

travelled between departments is 47.91%.  

 

At the aspect of reduction of total distance travelled 

between departments, alternative layout 

(MULTIPLE) is better than alternative layout 

(SLP). 

 

Figure 1: Pareto chart of Problem Identification 

 

Table 1: Comparison between models 

 

CONCLUSION 

This study discusses the existing floor 

layout of the company and then propose a better 

alternative layout for the production floor. From this 

proposed alternative layout, the material flow and 

total distance travelled between each departments 

can be optimized. Two layout techniques has been 

used which are the Systematic Layout Planning 

(SLP) and MULTIPLE. 

 

REFERENCES 

[1] Bozer, Y., Meller, R., & Erlebacher, S. 

(1994). An Improvement-type layout 

algorithm for Single and Multiple-Floor 

Facilities. 950-962. 

[2] Burbidge, J. (1991). Production Flow 

Analysis for planning group technology. 

Journal of Operations Management, 5-30. 

[3] Muther R., & Hales L. (2015). Sytematic 

Layout Planning, 4th ed. Management & 

Industrial Research Publications. 

[4] Tompkins, J. A., John, A., Bozer, Y., & 

Tanchoco, J. (2010). Facilities Planning, 4th 

Edition. 3-13. 

 



Procedia Undergraduate Mechanical Engineering Research 

Volume 1, September 2019 

213 
 

REDUCTION OF NON-VALUE-ADDED ACTIVITY AND SPACE REQUIREMENTS OF AN 

ELECTRONIC INDUSTRY 

Anuar Muhamad and Syed Ahmad Helmi Syed Hassan 

School of Mechanical Engineering, Faculty of Engineering, 

Universiti Teknologi Malaysia, 81310 UTM Skudai, Johor, Malaysia 

 

INTRODUCTION 

Basically, this case study is related to 

Industrial Engineering (IE) tools. Industrial 

Engineering (IE) is a subject about designing, 

improving and setting up the integrated system of 

personnel, materials, equipment, energy and 

information. It verifies, calculates and evaluates the 

outcomes of the integrated system by systematically 

using the knowledge of math, physics and social 

science and the principle of engineering analysis [1]. 

For this case study, it was conducted in E-Gov/CID 

production department of HID Global (M) Sdn. 

Bhd. It is an electronic manufacturing industry 

which produce Radio Frequency Identification 

(RFID) products. 

 

PROBLEM IDENTIFICATION 

From the observation, interview and data 

collection, high non-value-added activity in term of 

high waiting time of operators is the major problem 

for CID/E-Gov production department. This 

problem is identify based on the production line of 

the highest product demands which is SOM21 

production line. This problem causes the operators 

are not fully utilized and high usage of operators in 

the production line. The critical workstation has 

been identified which is Hacker machine 

workstation and Zund machine workstation. 

 

RESULTS AND DISCUSSION 

The process for Hacker machine is bonding 

of wire to a module and wire transfer to a sheet of 

material of SOM21. There are four machines in the 

production line of SOM21. The operator of the 

Hacker machine wasting his/her time waiting for the 

process to be done for about an average time of 

147.6 seconds or 2.5 minutes. There is one Zund 

machine for production line of SOM21, the process 

involved is trimming process of SOM21. The 

operator of Zund machine wasting his/her time 

waiting for about 46.2 seconds for the trimming 

process to be done. 

The operator takes an average of 93 

seconds or 1.55 minutes to collate one sheet of 

SOM21. This shows that, it is capable for Hacker 

machine operator to do collating while Hacker 

machine is in process as shown in Figure 1(a).  

 For Visual Inspection workstation, there is 

one workstation. The operator inspects two sheets of 

SOM21 where the average time is 39.44 seconds. By 

assigning the operator to do visual inspection while 

the Zund machine is in process as shown in Figure 

1(b), it reduces the percentage loss of operator due 

to waiting time from 55.00 % to 8.05%  

Referring to Figure 2, by combining the 

Zund machine and Visual Inspection, the operator 

does not need to travel because the distance between 

both workstations have been eliminated. From this 

proposed layout, it also reduces the space 

requirements and defect of trimming process can be 

detected earlier. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

               (a)   (b) 

Figure 1: Graph of Proposed Steps for (a) Hacker 

machine and Collating Workstation and (b) Zund 

machine and Visual Inspection Workstation. 

 

 
Figure 2: Proposed Layout for Zund Machine and Visual 

Inspection 

 

CONCLUSION 

The results for this case study show that, for Hacker 

machine operator the percentage of loss due to 

waiting time reduce from 57.83 % to 21.39% and for 

Zund machine operator 55.00% to 8.05%. Total of 5 

existing operators for Collating and Visual 

Inspection workstation also being eliminated from 

24 operators to 19 operators per shift for the 

production department. Proposed layout of 

combining the Zund machine and Visual Inspection 

workstation, it reduces space requirements from 290 

ft2 to 130 ft2, eliminate the distance travelled by the 

operator between both stations and earlier detection 

of trimming defects. 
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INTRODUCTION 

 Nowadays, factor such as heavy loads, 

static posture repetitiveness of work expose workers 

to risk of musculoskeletal disorder. Especially in 

manufacturing sector according to (Malaysia 

Industrial Development Authority [MIDA], 2010). 

Based on the previous studies we have found that 

workers’ major concerns regarding OSH are in fact 

related to the lack of attention given to the 

implementation of ergonomics ((Mohd nasir 

selamat, n.d.) Shaliza, Sharul, Zalinda, & Mohzani, 

2009; Shikdar & Sawaqed, 2003). 

 

METHODOLOGY 

This section presents the method used to 

achieve the objective of studies. Body Discomfort 

Survey and Rapid Upper Limb Assessment were 

used in this study to collect and analysis data. Body 

Discomfort Survey used to identify musculoskeletal 

disorder among the workers in different kind 

department in manufacturing company. After 

musculoskeletal have been identified RULA will be 

used to evaluate the posture of worker whether 

worker experienced musculoskeletal disorder or not.  

 

RESULTS AND DISCUSSION 

Based on the result obtain from the BDS it 

show that grinding department has highest score 

(OFTEN) on musculoskeletal disorder involving 

Shoulder(3), Upper Back(3), Lower Back(3),and 

Wrist(4) as shown in Figure 1. Therefore studies 

have been focus on grinding department to make an 

ergonomic improvement and RULA assessment is 

used to measure the posture of workers in grinding 

department. The score based on RULA show that 

there need implement immediate change (7) to avoid 

or prevent workers getting Musculoskeletal 

Disorder during working.  

 

 

 
Figure 1: Score of Musculoskeletal Disorder involving 4 

main part of body 

 

 Figure 2 shows final design solution 

generated by using Solidwork after evaluation of 

matrix have been done. Before final design is 

generate there are few process such as conceptual 

function analysis, morphology and evaluation  

matrix. After final design solution have been  

proposed RULA is used to evaluate the new 

proposed design solution and comparison between 

current and new design show that change in term 

score which is 7 to 2. Therefore, musculoskeletal 

disorder can be avoid and prevent on workers while 

working.   

 

 
Figure 2: Final Design solution 

 

CONCLUSION 

Objective of studies have been achieve which to 

identified musculoskeletal disorder experience by 

particular workers and reduce the level of 

musculoskeletal risk in workplace. The 

implementation of final design solution shows that 

RULA score have been reduce from 7 to 2.  
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INTRODUCTION 

 Marine vessel is exposed to the rough sea 

condition of which it is exposed to yaw, pitch and 

rolling motion. These motions were induced by the 

sea wave due to it propagation to vessel hull 

structure. The safety and productivity of 

machineries and sailor onboard are not in optimum 

condition. The application of Gyrostabilizer 

onboard of marine vessel will counterbalance this 

rolling motion. This research comprises of 

simulation studies part and hardware 

experimentation part. The integration of PID 

controller is important to ensure control system 

stability. Experiment involves Data Acquisition 

System (DAQ), Micro-Controller (Arduino) and 

Gyrostabilizer hardware. 

 

EXPERIMENTAL SETUP 

 

 The experiment setup was done with the 

integration of National Instrument DAQ (NI)-USB-

6343, Arduino Mega and Gyrostabilizer. The 

integration of DAQ and Micro-controller is 

important as to reduce the control load on the Micro-

controller, while NI-DAQ prevalent for its 

reliability and the acquired data accuracy.  

NI-DAQ was not able to read the Pulse 

Width Modulation (PWM) signal, hence the 

interaction between NI-DAQ and Micro-controller 

is important as Arduino provides signal conversion 

for DAQ to be able to read signal to acquire data. 

 

RESULTS AND DISCUSSION 

 

  At 45𝑜precession angle, the flywheel 

rotational speed is 1000rpm, 1500rpm and 2000rpm. 

The variation of rotational speed yields a different 

torque of which the torque is 2Nm, 1.5Nm and 1Nm 

for 1000rpm, 1500 rpm and 2000rpm respectively. 

The sample time taken for Figure 1 system response 

is t= 10s and Figure 2 is t=120s.  

 

 

 
Figure 1: Simulink torque at 45𝑜precession angle 

 

The hardware experiment has the same 

45𝑜precession angle and rotational speed of 

1000rpm, 1500 rpm and 2000rpm. And the torque 

output is the highest for 2000rpm, and lowest for 

1000rpm flywheel rotational speed.  

 

 
Figure 2: Gyrostabilizer torque at 45𝑜precession 

angle 

 
Figure 3: Gyrostabilizer torque at 45𝑜precession 

angle  

 

CONCLUSION 

Increasing flywheel speed and precession speed 

could increase the magnitude of rolling moment. In 

this experiment, the increase of precession speed is 

achieved by increasing the sinusoid amplitude of the 

precession motor displacement input. Varying the 

sinusoid frequency, the precession speed could be 

increased, and hence the generated rolling moment.  
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INTRODUCTION 

About 94 to 94% of eggshell is made up of 

calcium carbonate in the form of calcite [1]. It is 

known that eggshell waste can be utilized into 

commercial products and create new values from 

waste materials. By formulating and applying 

different concentration of calcium carbonate in the 

form of eggshell powder in polymer coating, the 

performance and the corrosion protection properties 

are investigated. The possibility of using eggshell as 

a substitute pigment material for the conventional 

precipitated calcium carbonate from limestone is 

analysed. 

 

EXPERIMENTAL SETUP 

The paint was formulated using a high 

speed stirrer at 800 RPM. Four sample of different 

eggshell weight percentage (0, 2.5, 5.0,7.5) was 

formulated and applied on the substrate. The paint is 

let to fixate before being characterized and tested. 

The coated specimen thickness was measured under 

an optical microscope at X200 magnification to 

analyse the uniformity of the coating. The hardness 

was then measured using Vickers hardness tester to 

measure the effect of eggshell on the coating 

hardness. Substrate were then subjected to an 

immersion test for 7 days before being analysed 

visually and also using XRF analysis. The rate of 

corrosion of the sample was tested using a Linear 

Polarization Resistance test. 

 

RESULTS AND DISCUSSION 

The XRD analysis of the eggshell powder 

indicates that the crystalline mineral phase of 

eggshell is similar in comparison to the mineral 

phase of calcium carbonate in the form of calcite. 

The average thickness of coating applied was found 

to be 93.02μm with a maximum deviation of 4.5μm. 

The hardness test showed decreasing hardness with 

increasing weight percentage of eggshell. However, 

this is only an estimation to the actual hardness value 

of the coating as it was impossible to measure the 

hardness perpendicularly to the coating as it is too 

thin. 

As Figure 1 suggest, the rate of corrosion 

decline when the weight percentage of eggshell is 

increased from 0 to 2.5%. It can be seen that the 

effect of eggshell is still not clearly visible as the 

decline is only by a small margin. Only when the 

weight percentage is increased to 5% does the rate 

of corrosion exhibit rapid decline. This suggest that 

the weight percentage of eggshell used is almost at 

its pigment volume concentration.  

The second evaluation done was XRF 

element analysis. This was done to analyse the 

element content on the surface of the specimen after 

immersion. The result of the analysis shows that the 

increment of eggshell weight percentage resulted in 

the presence of less oxygen and more iron on the 

surface. Reduction of iron and a rise in oxygen 

relates to rust and organic structures [2] hence the 

increase in iron percentage and the decrease of 

oxygen percentage could be related to the decrease 

in corrosion rate of the specimen. 

 

 

 

 

 

 

 

 

 

 
Figure 1: Figure 1: Graph of corrosion rate (mmpy) 

against weight percentage of eggshell. 

 

 
 

Figure 2: Graph of iron and oxygen percentage against 

weight percentage of eggshell. 

 
CONCLUSION 

The corrosion protection properties of 

polymer coating with the addition of eggshell was 

studied. The weight percentage of eggshell used in 

each coating sample was varied between 0 to 7.5 % 

and it was found that the specimen with the largest 

percentage of eggshell exhibit the best corrosion 

protection properties. 
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INTRODUCTION  

Nowadays, Aluminium Metal Matrix 

composites had being widely used thorough out 

various application in industries. Aluminium MMC 

is a strong composite that has high strength to 

density ratio. However, this Aluminium alone is 

lack of wear resistance. Therefore, this study was 

done to measure the effect of Praseodymium 

addition on the wear resistance and their 

microstructure. 

 

EXPERIMENTAL SETUP  

Aluminium MMC of AL-15Mg2Si was 

casted with different percentage Praseodymium 

addition by using in-situ method. Percentage of Pr 

addition that was used in this project are 0.3%, 0.5%, 

1%, 2%, and Base. Then this composite will 

undergoes microstructure analysis, Wear 

Characterisation and Hardness Test. 

Optical microscope with up to 500 time 

magnification was used to analyse microstructure. 

Dry sliding wear tests were conducted to ASTM: 

G99-06 in a pin on disc wear testing apparatus 

(Ducom TR20-LE) using 20N and 40N to vary the 

result [2]. Then, the same wear sample was used on 

SEM/EDX machine to study the wear severity and 

pattern. 

 

RESULTS AND DISCUSSION 

From microstructure analysis, we can see 

the difference of abundance and density of primary 

Mg2SI phase represented by black clump area. The 

density of this phase was different between the 

sample and 0.5% has highest amount of it. . A 

possible explanation for the modification of primary 

Mg2Si by addition of Pr might be associated with 

the nucleation and/or growth of Mg2S. [2] 

Wear rate of the sample was measure and 

calculated by using Archard’s Law and presented as 

show in figure 1. The value of wear rate when 20N 

load being applied did not have a significance 

variation. However, when 40N load was used, the 

wear rate show a significance change. As show in 

the graph, the increase in Pr addition %wt will 

decrease the wear rate until the point of 0.5%wt, 

then the wear rate will start to increase as Pr addition 

increase. It shows that, the optimum value of Pr to 

produce the best Wear resistance is 0.5%wt. 

Figure 2 shows the hardness value for 

different quantity of Pr addition. From the result it 

can be said that there are no significance effect of Pr 

addition to Hardness value even though Hardness 

should be related to wear rate according the 

Archard’s Law. [1] 

  
Figure 1: Wear rate of sample for 20N and 40N load 

  

 
Figure 2: Hardness Value 

 

CONCLUSION  

From the microstructure analysis and wear 

characterisation, it can be conclude optimum Pr 

addition on Al-15Mg2Si is 0.5%wt. However, the 

hardness test show an almost a same hardness value 

with only a slight increase as the Pr addition 

increase. In nut shell, it can be said that Pr addition 

can really improve the wear properties of 

Aluminium composite if a right casting process is 

used.  
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INTRODUCTION 

Composite materials have been used 

hundreds years ago before Christ in construction 

even though human civilization during the time 

were not really understood how it works [1]. The 

improvements and innovations of composite 

materials have been done as time passes by until 

now. Composite material is made up of two or more 

distinct constituents which results in better 

properties than alloys. The two constituents act as a 

reinforcement and a matrix. The reinforcement is 

embedded to the matrix and in most cases it provides 

the strength and stiffness to the material. 

Development of aluminium metal matrix composite 

(Al MMC) reinforced with yttria stabilized zirconia 

(YSZ) had been conducted to see its properties. 

 

EXPERIMENTAL SETUP 

The methodology of this research started 

with the preparation of aluminium matrix composite 

reinforced with 3, 6, 9wt. % YSZ by using stir 

casting technique. Then, the samples were tested 

with various testing procedures and then were 

analysed. The samples were prepared for 

characterization, tensile test and impact test. 

Characterization of the specimens was 

conducted using optical microscope (OM) and 

scanning electron microscope (SEM) and 

microstructural analysis and elemental analysis 

were done. To analyse the mechanical properties of 

the samples, hardness test, tensile test and impact 

test were done. 

 

RESULTS AND DISCUSSION 

Characterization of the composite using 

OM shows that the particle of YSZ were circular in 

shape and grey in colour while using SEM, YSZ 

particles were shown as the brighter particles as 

shown in figure 1. The distribution of the particles 

were not uniform since YSZ particles can be seen 

only at certain area and not at the other area. 

 

  
Figure 1: Al MMC reinforced with 3wt. % YSZ under 

(a) OM using 20x magnification and (b) SEM using 200 

magnification. 

For the mechanical properties of the composite, the 

hardness increasing with respect to the increasing of 

YSZ particles content as shown in figure 2. Figure 3 

shows the ultimate tensile strength (UTS) for Al 

MMC with 3wt. % YSZ exhibit the highest value. 

This condition happened due to the porosities and 

agglomeration of the composites for 6 and 9wt. % 

YSZ that affect their UTS [2].  

 

 
Figure 2: The value of average hardness of specimens 

containing 0, 3, 6 and 9wt. % YSZ. 

 

 
Figure 3: The stress-strain graph of Al MMC with 3, 6 

and 9wt. % YSZ content. 

 

CONCLUSION 

The addition of reinforcement particles which are 

YSZ particles into the aluminium matrix can 

enhance the hardness properties of the composite. 

The hardness of the composite can be improved by 

increasing the content of YSZ particles. 
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INTRODUCTION 

Turbocharging is common technique use to 

increase power density in internal combustion 

engine. Turbocharging reduce fuel consumption and 

pollutant emissions. Thermal barrier coating(TBCs) 

was used to increase. This research was conducted 

to select the best methods using process using 

various composition. The aim of this project is to 

investigate on the integrity and reliability of coating 

using film applicator, brushing, and dipping 

methods and also various composition of formula. 

The coating will be evaluate using SEM and 

adhesion test. 

 

METHODOLOGIES 

The experiments conducted using 

30wt%YSZ: 70wt%Ni and deposited sing film 

applicator, brushing and dipping.  

 

 

 
 

 

 

 

 

 

Figure 1: Illustration of single ceramic layer of coating 

 

All 12 samples will be evaluate using SEM 

and adhesion test. 

 
RESULT AND ACHIEVEMENT 

For 30wt%YSZ:70wt%Ni using 3 different 

methods the thickness of coating are as 43.6,88.7 

and 35.1μm for film applicator, brushing and 

dipping respectively. For experiment using film 

applicator using (30wt%YSZ: 70wt%Ni, 

40wt%YSZ: 50wt%Ni: 10wt%Cr and 50wt%YSZ: 

30wt%Ni: 20wt%Cr) the thickness of coating are as 

43.6,45.1 and 53.8 μm respectively. 

 

a) b)  c)  

 

Figure 2:  SEM images of the coating which has the 

same formula (30wt%YSZ:70wt%Ni) with different 

methods. 

 

 

 

a)  b)  c)  

Figure 3:SEM Images of 3 different methods coat using 

film applicator 

 

For adhesion test, for 

30wt%YSZ:70wt%Ni using 3 different methods the 

results are as 5.21,7.09 and 4.77Mpa for applicator, 

brushing and dipping. Next, for the film applicator 

with 3 different composition the results as 5.21, 

4.88and 4.66Mpa for (30wt%YSZ: 70wt%Ni, 

40wt%YSZ: 50wt%Ni: 10wt%Cr and 50wt%YSZ: 

30wt%Ni: 20wt%Cr) respectively. 
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INTRODUCTION 

FLY ash (FA) has a higher demand as reinforcement 

due to its potential for metal matrix composites 

(MMCs) to enhance the properties and reduce the 

cost of production. Fly ash is the most cheapest and 

lower density reinforcement available in large 

quantities as solid waste by-product. Aluminium 

alloys is the highest demand in the industries due to 

its mechanical properties and low density compare 

to steel. However, due to certain weakness at the 

aluminium alloy it needs reinforcement in order to 

improve the performance of the aluminium alloy. 

The addition of reinforcement will help to extend the 

usage of aluminium alloy in many applications such 

as under wider service conditions.  In this paper, stir 

casting technique is be used in order to fabricate the 

A6061-Fa composite. During the stir casting 

process, the different percentage of fly ash will be 

added into the AA6061 matrix. The percentage that 

been used in this project was 3%, 5% and 7%. This 

study will investigate the effect of fly ash addition 

on the mechanical properties and microstructure of 

AA6061-Fa composites. 

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for the system. We used fly ash that been 

provided by Tanjung Bin Company and AA6061 

alloy as raw material. Stir casting technique is used 

to fabricate the AA6061-Fa composite. During the 

casting process, three differences percentage of fly 

ash is added into molten matrix. After finish the 

casting process, molten matrix will be poured into 

steel mould for solidification process. Ingot will 

produce after the solidification process and it will be 

cut into tensile specimen. The mechanical properties 

and microstructure of AA6061-Fa composite will be 

studied in this project. 

. 

RESULTS AND DISCUSSION 

1. The tensile strength of AA6061 alloy 

increased as increases of percentage of fly ash 

(figure 1). 

2. The microhardness and the strength 

significantly increased with increase of fly ash 

content (figure 2). 

3. The microstructural results showed good 

distribution of FA particles in the AA6061 matrix 

with interfacial bonding as the percentage of fly ash 

in increasing (figure 3). 

 
Figure 1: Increase of yield strength as the 

percentage of fly ash increase 

 

 
Figure 2: Increase of hardness as the percentage of 

fly ash is increase 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: FESEM images of AA6061-Fa composite 

at 7% of fly ash fracture surface 

 

CONCLUSION 

As conclusion, it shows by increase the percentage 

of fly ash, it will improve the mechanical properties 

of the matrix. As the percentage of fly ash is 

increase, the good distribution of fly ash will be. 
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INTRODUCTION 

Over recent years, there has been an 

explosive growth of interest microfluidic studies 

especially on the separation technique of permanent 

magnet. It is commonly used for manipulation and 

analysis of fluid flow because the system requires 

small amount of sample and due to the reduction of 

fabrication cost and it offers multivariable functions 

[1]. Permanent magnet provides simple setup and 

higher biocompatibility [2] that utilize microbeads 

that are used as a carrier in medical application such 

as resonance imaging, hyperthermia and medicine 

delivery [3]. The trapping efficiency of the system 

were investigated using different flow rates and 

configurations of magnets.  

 

EXPERIMENTAL SETUP 

This section presents the experimental setup 

for the system. A dual syringe pump with model of 

NE 4000 (KdScientific) was used to manipulate the 

flow rate at 5, 10, 15, and 20 μl/min. A 10 ml B-D 

syringe was attached to the pump and the syringe tip 

was connected to the 2 mm tube at the inlet of 

microchannel. An end of 2mm tube was linked to the 

outlet and the other end was placed into 10 ml bottle 

were collected the samples for each flow rates.  

Microscopic images of all the samples were 

analysed by using ImageJ software to calculate the 

amount of microbeads at the outlet. 

 

RESULTS AND DISCUSSION 

The percentage of trapping efficiency at each 

flow rates were obtained as shown in Figure 1. At 

lower flow rate of 5 μl/min, the trapping efficiency 

were 92.06% and 95.24% for single and double 

magnet respectively. In contrast, as flow rate 

increases at 20 μl/min, the trapping efficiency 

dropped significantly at 15.87 % for single magnet 

and 20.63% for double magnet.  

The permanent magnet was not capable to 

trap more microbeads at higher magnets because 

higher drag forces were generated with higher flow 

rates. Trapping action was highly effective when 

magnetic force bigger than drag force. In this 

experiment, the value of magnetic force was fixed as 

same magnet was used while the experiment was 

conducted. The permanent magnet loses the ability 

to capture microbeads in the trapping chamber when 

the drag force was higher than the magnetic force as 

the microbeads followed the dynamic flow in the 

fluid chamber and experienced less attraction from 

the permanent magnet due to minimum effect of 

magnetic properties.  

The comparison between both configurations 

of magnet shows that there is no significant 

difference of trapping efficiency throughout all the 

flow rates. The factors that contribute to the 

differences between the trapping efficiency of single 

and double magnet were the intrinsic properties, 

extrinsic properties and the structures of the 

magnetic beads.  

 

 
Figure 1: Graph of efficiency versus flow rates 

 
CONCLUSION 

The trend shown in this study is at lower flow 

rate, the trapping efficiency is higher. As flow rates 

increases, the trapping efficiency decreases. The 

relationship of trapping efficiency and configuration 

of magnet is insignificant.  
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INTRODUCTION 

 Water has been an essential element for 

human survival. With all these issues on water 

supply and basic sanitization, an alternative for 

water supply must be researched to help resolve 

these issues. With the device known as atmospheric 

water generator (AWG), we can convert water 

vapour into liquid water. This device takes 

advantage of Peltier effect by using a device called 

thermoelectric cooler (TEC). Peltier-based concept 

works by using an electric current to produce a 

temperature gradient, thus cooling surrounding air 

until dew point temperature, where condensation 

occurs. 

 

EXPERIMENTAL SETUP 

Sensor DHT22 was used for measuring 

humidity and temperature. A source code was 

developed for Arduino and the result is printed on 

serial monitor. The sensor was calibrated by using a 

hygrometer, and the correction was placed into the 

Arduino code. For this experiment dehumidifier 

chosen is XROW-600A. The TEC component inside 

this dehumidifier is called TEC1-12706. Other 

components and instrument included are laptop fan, 

anemometer and measuring cylinder 

 

RESULTS AND DISCUSSION 

At the end of experiment, it was found that 

as the value of RH increases, the water generated by 

dehumidifier will increase. The average water 

generated during the day is 11.83 ml/hr while during 

the night is 12.75 ml/hr. During the day, total 

amount of water generated is 118 ml while during 

night is 156 ml. Figure 1 shows the difference 

between day and night water generation. The study 

on airflow velocity effect on water generation shows 

that the higher airflow velocity will have a negative 

impact to the amount of water generation by 

dehumidifier. Where there was no airflow, the water 

produced was 6.33 ml/hr while when there is 

airflow, the maximum water generated was 5.5 

ml/hr. Figure 2 shows the effect of airflow on water 

generation. 

 Looking at the bar chart plotted in Figure 

3, the AWG that uses higher amount of power for its 

system generally will increase the water generation 

rate. However, for Amir’s AWG, even though it uses 

a lower power consumption than Suryaningsih’s 

AWG, the amount of water generated is relatively 

higher. Even when compared to current study and 

Kiara’s AWG, the amount of water generated by 

Amir’s AWG is really high. This may happen 

because all studies did not put an emphasis on the 

design of fin at the cold side of TEC, except for 

Amir. Amir’s studies also included the design of fin 

extended surface 

 
Figure 1: Time vs water generated 

 
Figure 2: Airflow velocity vs water generated 

 
Figure 3: Power vs water generated 

 

CONCLUSION 

This experiment shows that the AWG will 

behave differently at different conditions. 

Generally, higher RH will produce higher water 

generation, higher airflow velocity will produce 

lower water if time is short and higher power will 

produce higher water generation. 
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INTRODUCTION 

Water is very important for the life 

continuity of living being, The number of fresh 

water source that is being polluted is increasing by 

day. A thermoelectric (TEC) based Atmospheric 

Water Generator (AWG) is an alternative way to 

generate water as it extracts water vapour from air 

for drinking or for general use. The TEC/Peltier 

module is an electrical component that acts as a heat 

pump that has a cold and a hot side. The cold side 

temperature will drop below the dew point 

temperature of the air in order to condense the water 

vapour.  

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for the system. Two TEC dehumidifiers were 

used as AWG as they have the same function and 

used the same components. The Peltier module used 

was TEC-12706. The experiment was divided into 

two, firstly the baseline study o understand how the 

water production would differ during day and night. 

Next, one of the AWG was used as a control while 

the other was modified where a fan was added to the 

set up to see whether it would affect the water 

production. Finally the fan was used together with 

an air channel to investigate the effectiveness of an 

air channel in producing more water. The water 

sample collected was then sent for water quality 

testing.The AWG was used together with an 

Arduino based sensor, the DHT22 sensor to monitor 

the ambient temperature and RH of the room. 

 

RESULTS AND DISCUSSION 

 While the experiment was running the data 

from the sensor could be plotted to observe the 

temperature ad relative humidity (RH) variation 

during day and night. It was found that the 

temperature rises as the day progresses and declines 

during night time. This is because during the day, 

the sun acts as a major source of heat that is absent 

at night.  

 It was also found that as temperature rises, 

the RH decreases. This is because higher 

temperature can hold more moisture. Therefore for 

a fixed amount of moisture, when the capacity to 

hold moisture increases, the RH will decrease. This 

explains the declining RH during the day and rising 

RH at night.  

 Next, the variation of the indoor RH was 

not significant as the RH of the room is relatively 

stable. The range of RH recorded in the room was 

between 85%-89%. Therefore the amount of water 

collected per hour was also relatively constant. The 

average volume of water collected were 12 ml/hour.  

 

 
Figure 1: Shows the variation of water collected 

during the night and day session. 

 

 When the only the fan was attached to the 

AWG, the volume of water collected decreased after 

3 hours compared to controlled AWG. However, 

when it was used together with an air channel, the 

amount of water collected had increased.  This is 

because the channel had guided the air to flow 

through the cooling surface more effectively [1]. 

 The water collected showed higher pH and 

ammoniacal nitrogen than the standard set by the 

Ministry of Health (MOH), Malaysia. Therefore, in 

order to consume the water, it needs to go through 

distillation or neutralisation in order to comply with 

MOH standard. 

 

CONCLUSION 

RH increases with decreasing temperature. As RH 

increases, more water can be collected from the 

surrounding. The water collected are relatively 

constant as the change in RH is insignificant enough. 

Experiment needs to be run in rooms of different 

sizes to study the variation of RH in the room that’ll 

will affect the water production.  

 

REFERENCES 

[1] Yao, Y., Sun, Y., Sun, D., Sang, C., Sun, M., 

Shen, L., & Chen, H. (2017). Optimization 

design and experimental study of 

thermoelectric dehumidifier. Applied Thermal 

Engineering, 123, 820–829.  

 

 

 

0

5

10

15

20

-3 2 7 12V
o

lu
m

e 
o

f 
W

at
er

 (
m

l)

Time (hr)

Vol (Night)

Vol (Day)



Procedia Undergraduate Mechanical Engineering Research 

Volume 1, September 2019 

224 
 

MAGNETIC MICROBEADS TRAPPING USING MAGNET WIRE 

Badrul Amin Hanafi and Ummikalsom Abidin 

School of Mechanical Engineering, Faculty of Engineering, 

Universiti Teknologi Malaysia, 81310 UTM Skudai, Johor, Malaysia 
 
INTRODUCTION  

Cell separation is a key for lab-on-chip 

(LOC). One of the technique for the cell separation 

is by using magnetic separation through the 

microchannel [1]. One of the method that can be 

used for the cell separation is by using magnet wire. 

The effectiveness of the separation is the main key 

for the application of the cell separation. 

Polydimethylsiloxane (PDMS) is being used for 

replica molding to create the microchannel from SU-

8 mold. This paper will explain about the trapping 

efficiency of microbeads that pass through the SU-8 

microchannel with the different flowrate and 

different current supply. 

 

EXPERIMENTAL SETUP  

The preparation of the experiment had been 

done, PDMS replica molding had been carry out by 

using SU-8 mold to get the PDMS microchannel. 

Then, the fabrication of the of spiral planar coil 

using 0.3 mm copper enamel wire had been carry 

out. Measurement of magnet wire is compulsory to 

check the functionality.  

For the experiment, the PDMS 

microchannel and magnet wire were set up. The 

trapping efficiency of the magnetic microbeads is 

being study by varying the value of flowrate and 

current.  

 The ImageJ software had been used to 

analysed all the capture image to calculate the 

amount of microbeads at the outlet 

.  

 

RESULTS AND DISCUSSION  

The measurement of the magnet wire show 

that the coil as figure below: 

 

 

 
Figure 1: Magnetic Strength measured 

 

Trapping of microbeads will happen if it 

attracts to the magnetic field produce at the first 

layer if the value of the magnetic field is higher than 

the drag force of the microbeads. The reading for 2 

A has the higher magnetic strength compare to 1A. 

For 1A, the range of the 1.8 mT to 2.05 mT while 

for 2A is 3.48 mT to 4.5 mT. 

The trapping efficiency of the microbeads 

can be calculated by the formula  

 

Trapping Rate

=
(𝑖𝑛𝑝𝑢𝑡 − 𝑜𝑢𝑡𝑙𝑒𝑡)𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑏𝑒𝑎𝑑𝑠

𝑖𝑛𝑝𝑢𝑡 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑏𝑒𝑎𝑑𝑠
× 100 

 

 
Figure 2: Graph Trapping efficiency vs 

Flowrate 

 

The higher the current, the higher the 

trapping efficiency but across the increasing value 

of flowrate the efficiency will be reduce for both of 

the current value. As the drag force of the 

microbeads increase, the magnetic force cannot 

overcome the drag value and pass through the 

magnetic field. The trapping efficiency will be drop 

The result shows a huge reduction as the flow rate 

for both 1A and 2A passes 15 μl / min. The trapping 

that is higher than 50% efficiency can be seen from 

15 µl/min or 20 µl/min only. Lastly, the graph shows 

the polynomial curve to indicate the trapping drop 

significantly after 20 µl/min 

 

CONCLUSION 

The PDMS microchannel and magnet wire 

fabrication was carried out and tested successfully. 

The microbeads trapping efficiency was performed, 

calculated and recorded. For 1A, the highest 

efficiency is at 82.86% at 5 µl/min and the lowest is 

12.14%. at 60 µl/min. For 2A, the highest efficiency 

91.43% at 5 µl/min and the lowest is 15.71%. at 60 

µl/min.  

Thus, two things that can be justified by 

microbeads trapping efficiency. As the current 

increase, the efficiency will be higher, but at the low 

flow rate. As the flow rate increases, the efficiency 

percentage drops both parameters. Overall, all the 

experiment's goal was achieved 
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INTRODUCTION 

Atmosphere water generator is a device that using 

dehumidification concept to extract moisture from 

the humidity in the air and turn it into a water. The 

air will condense to become a liquid and for the 

atmosphere water generator that using a filtration 

system, the liquid produced must passed through the 

system before being stored in the tank [1].  Sorbent 

bed-based method is the method that using material 

to absorb or adsorb liquids or gases. In this case, the 

material will adsorb water vapor from atmosphere 

and release them as water droplet. The purpose of 

having the Atmosphere water generator placed in 

Malaysia is a benefits because of humid climate and 

high in relative humidity value. Malaysia has clear 

sky in the day for the whole year with the range of 

3.7 to 

8.7 hours per day while the amount of sunshine 

received is about six hours per day. The relative 

humidity value ranges from 74% to 86% throughout 

the years [2]. 

 

EXPERIMENTAL SETUP 

The experiment begin with the selection 

of  the  location  of  the  experiment.  Selected 

location must be measured the value of relative 

humidity and temperature using DHT-22 sensor 

and Arduino controller that had been calibrated. 

Calcium chloride  had  been  used  as  a  solid 
adsorbent to  adsorb  moisture  from  air.  The 

measurement parameter of the adsorbent is 200g, 

300g and 400g. The adsorbent had been placed 

inside the water container and leave in the time 

range of adsorption process at selected location. 

Desorption   process   using   the   same 

parameter is conducted after adsorption process 

end within it range of time. Water production at the 

end of desorption process will be measured 

before water quality test were conducted. 

 

RESULTS AND DISCUSSION 

At the end of the experiment, the water 

production results were tabulated in Table 1. The 

amount of water produced from different mass of 

calcium chloride is presented and discussed. The 
average humidity and  temperature  value  when 

doing the experiment is recorded and the 

relationship between them with amount of water 

generated is shown in Figure 1. Calcium Chloride 

dissolves into a liquid brine partially due to the fact 

that it is able to attract several times its own weight 

in water [3]  Furthermore, the different 

characteristic between silica gel and calcium 

chloride has been analyzed and the adsorption 

weight after adsorption phase is measured. The 

average diameter between the adsorbents also 

being conducted and compared with the weight 

after adsorption phase. Nevertheless, the water 

sample from the experiment has been compared 

to the drinking water standard provide by MOH 

 

Table 1: Volume of water produced for different 

mass of CaCl. 
 
 
 

Mass 

Cacl (g) 

 
Water 

produc

ed 

(exp) 

ml 

Avg 
RH 

during 

adsorpti

on (%) 

Avg 
temp 

during 

adsorpti

on (℃) 
200 100 96.7

3 
28.
2 

300 156 97.0
6 

28.7
3 

400 200 97.0
9 

28.
4 

 
 
 
 
 
 
 
 
 
 
 

 

Figure 1: Relationship between water produced and 

average Rh and T value. 

 

CONCLUSION 
The objectives of this experiment is achieved. The 
water sample has been analysed and compared to 
the drinking water standard provide by MOH and 
the results show that the water sample is not 
suitable for drinking. 
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INTRODUCTION 

In this study, the drawing process at the 

Small Wire rope Factory (SWF) of Kiswire 

Company is looked into with the aim in mind to 

improve the quality of the process. As such, quality 

of the product should and must be ensured at all 

times. This means that the rate of defects must be 

minimized where applicable. The defects of wire 

were observed by using Six Sigma. Six Sigma is a 

structural and systematic method for development of 

processes and the Improvement of new techniques, 

with the purpose of reducing defects defined by 

customer (1). In order to obtain lower rate of defects, 

the main causes of defects needed to be identified to 

propose improvement. 

 

METHODOLOGY 

A Six Sigma approach was taken which is 

the DMAIC steps. Defining the problem, measuring 

them, analyzing for root causes, propose 

improvement and controlling them. The main 

problem identified is wire break. Through analysis, 

the factors contributing to wire break are found 

which are lumpy, tangle and welding. Further 

analysis is done to find the root causes of these three 

factors. Then, countermeasures are proposed and 

controlled. 

 

RESULTS AND DISCUSSION 

From analysis, the most significant 

parameters that influences the lumpy are found 

which are size of diameter, temperature of zinc and 

dipping length. Design of Experiment (DoE) was 

conducted to know the optimum settings to 

minimize the diameter of wire after coating that 

causes lumpy. For tangle problem, a No-Go Gauge 

was designed to avoid worn out or deformed 

bobbins. Another countermeasure is the traverser 

pitch was set up to make sure different pitch for left 

and right coiling. Lastly for welding, monthly 

evaluation is scheduled to ensure the improvement 

of operators. The implementations were done early 

March and the frequency of defects are as shown in 

table below. 

 

 
 
 
 
 
 
 
 

Table 1: Frequency of defects 

 

 
 

CONCLUSION 

We were able to find the root causes of wire 

break which are lumpy, tangle and welding. 

Afterwards, countermeasures for each of them were 

proposed and implemented to reduce their 

frequency. From the results, we can see that the 

frequency of the root causes of wire break has been 

reduced. 
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INTRODUCTION 

Ergonomics is the science of fitting 

workplace conditions and job demands to the 

capabilities of the working population by 

Occupational Safety and Health Administration, 

Ergonomics (2010). There are kind of hazards 

occurs in many ways and involves most of the field 

of works, types of tasks as well as working area. 

Hazard can be characterized as the working 

environment or worker movement that have 

inclination to cause in damage, property misfortune, 

sickness or the misfortunes in process(DOSH,2008). 

Ergonomic hazards also can be define as physical 

conditions that may be pose to risk of getting 

Musculoskeletal Disorder (MSD). They result from 

one or more of these tissues being more difficult to 

work than they are intended to (DOSH, 2018).  

 

METHODOLOGY  

Ergonomic hazard can be achieve by 

conducting the discomfort survey and questionnaire. 

The ergonomic risk factor was then being clarify on 

the working activity using an ergonomic assessment 

which was Rapid Entire Body Assessment (REBA). 

(McAtemney, 1999) stated that the analyses used to 

indicate the body part ranges into group A and group 

B based on the body part diagram from REBA. The 

part of group A that is trunk position, neck position 

and leg position. For group B body part is upper arm, 

lower arm and wrist. Next, a good solution was 

generated in order to reduce the worker’s movement 

and reduce MSD. 

 

RESULTS AND DISCUSSION 

Total of respondent 100% from the 

respondent is man. This show the worker for this 

industry fully manipulated by man. There were 5% 

workers age below 20 years old. 35% workers at the 

age of 20 to 29 years. 40% worker are from 30 to 40 

years and the 20% workers were more than 40 years. 

By looking at the position the table show that there 

are all the respondent came from operator. 

The highest reported in muscle pain was 

stranding process with 8 out of 10 respondents 

meanwhile packaging process reported about 6 

having muscle pain. Meanwhile, for drawing and 

inline process both reported about 6 and 2 

respondents respectively in having muscle pain. 

Data has been recorded due to the amount 

of respondents from stranding process claim that 

they suffer from muscle pain. Result from the survey 

has proved that workers from stranding process 

suffer muscle pain at their waist where about 0.8 

from total respondent suffer this pain. This statistic 

show that further study is needed on stranding 

process in order to reduce the risk of getting muscle 

pain. 

Design has been proposed to achieve the 

study objective. Design technically depend on 

safety, ergonomic, cost, user friendly and 

maintenance cost. The design has been defined 

using Solidworks. The design also reduce the risk of 

getting the MSD and reduce the worker movement. 

 
Figure 1: Data recorded on muscle pain report from each 

process line. 

 

 
Figure 2: Mean Average of Pain in Stranding Process 

Operators 

 
CONCLUSION 

 The issue on ergonomic and health is one 

of the important things in any industry. This project 

is about improving ergonomic at manufacturing 

industry. The main case study in this project is 

ergonomic problem in selected workplaces. In this 

thesis, the problem identified and the solution for 

improvement was advanced. 
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INTRODUCTION 

Until 2018, the highest recorded accident is 

manufacturing sector with total of 1303 cases 

recorded [1]. This including industry of wire rope 

manufacturing. Safety always been a concerned of 

any individual or organization. Safe workplace is 

one of the key for workers to have enjoyment in 

health, security and opportunity to achieve or get 

what we want [2]. Hazard Identification, Risk 

Assessment and Risk Control (HIRARC) method 

was planned and implemented to manage risk. 

HIRARC was used to identify possible hazards by 

studying operation involved in drawing process and 

stranding process. Survey and interview from both 

employers and safety officer to have expert 

evaluation regarding to the studies.   

 

RESULTS AND DISCUSSION 

As the HIRARC completed, two hazard 

from two different process of drawing and stranding 

is identified. Identification is strengthen by the 

record of previous cases, scenarios example and 

regulation and laws according to Factory and 

Machinery act (FMA) 1967, Occupational safety 

and Health Act (OSHA) 1994.  

First hazard identified to give the highest 

risk is hazard from uncover moving part at drawing 

machine, due to unsafe act of not placing the safety 

cover at the right place. The second hazard is hazard 

of uncover roller due to machine have no cover or 

safety guarding facilities.  

Cause effect diagram is developed 

regarding to effect of both hazard. The causes that 

included are from man, machine, environment, and 

material/equipment.  

 

PROPOSED SOLUTION AND DESIGN 

Hazard on uncover moving parts (wire and 

cooling block) is proposed with solution of 

engineering approach (automation), using the 

concept of Poka-Yoke (mistake proofing). The 

technical concept on how the automation work are 

as follow: 

i. Safety cover not at right place will trigger 

limit switch momentarily using physical 

motion.  

ii. Limit switch put the whole machine into 

open circuit and machine will not operate 

iii. As the safety cover put at the right place, 

limit switch toggle will back to original 

place  

iv. Circuit of machine closed and machine can 

operate normally. 

Workers left with no choice but to follow the 

system in order to complete their task. 

 

 
Figure 1: Limit switch placement (red circle) 

 

Hazard on uncover moving roller also 

proposed with solution of engineering approach. 

The specified approach is known as barrier. Safety 

guard proposed are safety cover and sliding fence. 

Safety cover is chosen due to higher score in 

selection matrix relative to fulfilment of customer’s 

requirement. Analysis using von mises stress 

analysis on SolidWork software is used in the need 

of customer’s requirements. 

 

 
Figure 2: Safety cover design for roller 

 

CONCLUSION 

Hazard chosen is based on the highest risk from 

(HIRARC). Analysis of risk is using qualitative and 

semi-quantitative approach. HIRARC is developed 

base on guidelines provided by Department of 

Safety and Health (DOSH). Both proposed solution 

is using engineering approach.  
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INTRODUCTION 

The efficiency of the gas turbine engine is 

based on the performance of the turbine blades 

inside the engine. Thus, there are several studies 

regarding on flow analysis through a linear turbine 

cascade and the purpose of these studies is to 

understand and investigate the flow behaviour 

around the turbine cascade. The turbine blades 

inside a linear cascade were designed to have 

aerodynamic similarity as in the real machine [1]. 

The experimental testing was conducted by 

measuring static pressure distribution around the 

turbine blade as this is the common parameter 

measured in many types of flow analysis [2]. For the 

current work, the investigation of linear turbine 

cascade will involve of experimental testing and 

computational simulation. 

 

METHODOLOGY 

For this case study, it is emphasized on the 

experimental and CFD analysis and the validation 

study will be conducted by comparing the data 

between the CFD and experimental. For the 

experimental testing, the pressure taps have been 

installed around the turbine blade in order to 

measure the static pressure distribution for several 

different incidence angles by using multi-

manometer transducer system.  

For the CFD analysis, the simulations have 

been conducted for several different incidence angle 

which is same as the experimental. A suitable 

method for modelling the flow through a linear 

turbine cascade have been determined and the effect 

of different incident angle to the aerodynamic 

characteristics of the blade will be studied studied as 

well. 

 

RESULTS AND DISCUSSION 

For the mesh independence study, the 

minimum number of elements require in order to 

achieve solutions independency were 104224 

elements. Meanwhile, the validation study was 

conducted for three different negative angle and the 

-40° incidence angle shows a good agreement as the 

static pressure distribution curve for both 

experimental and CFD show almost similar pattern. 

Nevertheless, at the -20° and -30° incidence angles, 

the static pressure distribution curve at the suction 

side of the blade show a difference between the CFD 

and experimental. 

For the aerodynamic characteristics, the 

blade stall region is at the incidence angles between 

-20° and -40°. The highest drag coefficient of the 

turbine blade is at -40° incidence angle and this can 

be observed from the flow visualization figures 

which show that as the incidence angle changed 

from the 20° to -40°, the flow separation is getting 

larger and cause the blade drag to increase. 

 

 
  

Figure 1: Lift Coefficient Graph 

 

 
Figure 2: Drag Coefficient Graph 

 

CONCLUSION 

From the studies, it can be concluded that 

the optimum conditions for the turbine blade to 

achieve high lift coefficient is at the incidence angle 

between -10° and 10°. 
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INTRODUCTION 

 Development of permanent magnet 

generator (PMG) has been receiving an endless 

amount of attention for application in direct-driven 

power due to its simple structure, reliable 

performance and high availability of permanent 

magnets [1]. PMG is used in vast range of 

applications and its design varies according to its 

purpose and area of application.  

 

METHODOLOGY 

 A design of a PMG for low rotational speed 

input and small-scale application is made. The 

selection and acquisition of materials are made prior 

to fabrication process. Each part of the PMG is 

measured and fabricated by using machines and 

tools safely. The final prototype is an axial flux 

PMG with 16 poles and 12 coils is manufactured. 

The product is tested by using oscilloscope to study 

the relationship between variables. 

. 

RESULTS AND DISCUSSION 

 The amount of voltage generated at 

different rotational speed when all coils are 

connected alternately in series is illustrated in Figure 

1. 

 
Figure 1: Output voltage at different speed 

From the results above, it shows that when speed 

increases, the induced voltage increases as well. 

This is due to higher rate magnetic flux passing 

through the coil [2].  

Figure 2: Rotational speed for different number of coil to 

induce same value of EMF 

 

  The variation of rotational speed to induce 

EMF of 1.0 V, 1.5 V and 0.5 V for three different 

numbers of coils are shown in Figure 2.The results 

shown indicate that; the higher the number of coils 

cuts through magnetic field, the lower the rotational 

speed it needs to rotate to produce same amount of 

voltage. This is because higher number of coil will 

have more flux cutting which will generate more 

EMF.  

  The effect of arrangement and direction of 

coils on induced EMF is illustrated in Figure 3 

below.  

 
Figure 3: Output voltage at different speed for coils 

connected in same direction 

 

When all coils are connected in same 

direction, the direction of changes of magnetic flux 

will be cancelled out [3].  

 

CONCLUSION 

 In conclusion, the designed PMG is 

suitable for low RPM input shaft and it is low cost. 

The PMG generates AC voltage that varies due to 

many factors. This study focuses the effect of 

rotational speed, number of coils, arrangement of 

magnets and coils on the AC voltage induced. 

Further development on PMG should be made as it 

promotes benefits to power application. 
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INTRODUCTION 

Hydropower is known an ancient 

technology that already been used throughout the 

world. Hydro plant goanna be used to generate the 

electricity from water sources, which is from hilly 

regions or from water-falls [1]. Hydro plant are 

suitable to generate electricity in Malaysia due to 

season which provide a continuous flow of running 

water all year. For Small River which provide low 

flow rate, Cross-Flow seems the most suitable 

because of its design and its function [2]. Cross-

Flow or Banki turbine operate by extracting the 

energy from water flow and transfer it to the shaft to 

produce output power to run the generator to 

generate the electricity [2]. 

 

EXPERIMENTAL SETUP 

This design started by determine the 

parameter of the water source of E07 UTM River, 

which the flow rate is 0.04814 m3/s, head of 1 meter 

and input power of 236.127 Watt. This parameter 

used as guideline to design the water turbine.  

To design the Banki water turbine, the 

parameter needed such as runner outer and inner 

diameter, width of runner, width of the nozzle, angle 

of attack for blade, blade inlet and outlet angle, blade 

thickness, blade curvature, blade angle and also the 

shaft radius. All this parameter are determine from 

previous research and from technical design of 

SolidWorks 

The blade produce by using 6 inch PVC 

pipe which 3 mm thickness. For runner plate, 

aluminium plate be used to support 20 blade. Carbon 

steel be used as the main shaft. 

 

 
Figure 1: Completely design of BWT 

 

 

RESULTS AND DISCUSSION 

The turbine testing was done at E07 UTM 

River, which provide flow rate of 0.0043943 m3/s 

and input power of 51.7297 Watt at 1 meter head. 

The load was applied to the shaft starting from 0, 

0.75, 1.5, 2.25, 3, 3.75, 4.5, 5.25 and 6 kg of the load. 

Load applied by using Prony brake to determine the 

torque produce by the shaft at certain RPM. 

 
Figure 4: RPM produce at certain load 

 

 
Figure 5: output power produce at certain load 

applied 

 

From the Figure 4, we can see that the 

rotation become slower after the load applied 

increase, and the shaft stop rotating when enough 

load applied which is 6 kg. So, from the graph the 

highest output power produce was 34.329 Watt at 

3.75 kg load applied. So overall efficiency produce 

by this Banki Water Turbine was 66% which at 3.75 

kg load applied.  

 

CONCLUSION 

 The Banki turbine is suitable for Small River of 

low head and flow rate. The output power produce 

was 34.329 Watt when load 3.75 kg been applied to 

the shaft. The maximum efficiency produce was 

66% and bit lower than current theoretical efficiency 

which is 75%. This can be improve if certain error 

during testing can be avoid. 
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INTRODUCTION 

  Refrigeration system is one of the most 

important systems for food storage and freezing. 

Conventional vapour refrigeration system needs a 

lot of electrical power to operate [1]. Solar power 

has been selected due to high intensity of solar 

radiation in Malaysia. Furthermore, adsorption 

system is more choosen because it is simple, 

requires no additional electricity and quiet in 

operation [2]. 

  The adsorbent-adsorbate pair used in 

adsorption refrigeration system is activated 

carbon-methanol, because it has low desorption 

and adsorption temperature [3]. Methanol is also 

often used as refrigerant in ice making system as 

it able to produce cooling temperature below 0°C 

[3]. 

 

METHODOLOGY 

The solar ice maker consists of the solar 

generator, a condenser, an evaporator ball valves 

water tank and insulation. The amount of 

activated carbon and methanol used were 0.7kg 

and 1.8 kg respectively.  

  The working principle of this solar 

powered ice-making machine starts with 

generator is heated by the solar radiation, which 

heat up the activated carbon that causes the 

temperature and the pressure of the methanol to 

rise. When the activated carbon reaches the 

desorption temperature, the methanol will desorb 

and vaporizes from the activated carbon. The 

desorbed methanol vapour would be condensed 

into liquid by the condenser and flows into the 

evaporator. 

  As the night cycle begins, the 

temperature and pressure of the generator 

reduces. This would cause the activated carbon to 

adsorb back the methanol vapour from the 

evaporator. The cooling effect is produced when 

the methanol in the evaporator vaporizes, 

extracting heat from the water, and ice is formed 

in the insulated water tank. 

 

RESULTS AND DISCUSSION 

From the Figure 1, we can see the temperature of 

the generator is decreasing from the ambient 

temperature meanwhile the temperature of the 

evaporator increases.  

 The temperature drop of generator and 

the temperature rise of the evaporator is due to 

minimal mass and heat transfer of the methanol 

vapour under vacuum operating conditions. This 

is due to activated carbon deterioration   
Therefore, ice could not be produced. 

 From the Figure 4, we can see at 1800H, 

a slight increase in pressure as cooling process 

starts due to methanol in the evaporator starts to 

evaporates. However, the pressure of the system 

becomes constant after 30 minutes due to 

equilibrium pressure reached by the generator and 

the evaporator which indicates the adsorption 

process of the methanol vapour come to an end.  

 
Figure 1: Graph of temperature of the evaporator and 

generator during cooling process 

 

 
Figure 2: Graph of system pressure 

 

CONCLUSION 

The testing of the solar ice maker to produce ice 

could not be achieved due to the deterioration of 

activated carbon that unable to adsorb methanol 

vapour which causes the cooling process to 

become stall and fail to produce further cooling 

effect. 
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INTRODUCTION  

Friction has long existed as one of the 

biggest challenges in the automotive industries in 

producing energy efficient vehicles. The engine 

system contributed almost one-third of the friction 

in the overall friction that existed in a vehicle. One 

of the major frictional losses experienced by an 

engine system is generated from the piston 

connecting rod big end journal bearing. Therefore, it 

is vital to study the tribological performance of the 

journal bearing in order to mitigate the frictional 

losses generated along the journal bearing. 

 

RESEARCH OBJECTIVES 

The aim of the study is to determine the 

tribological behaviour and the power loss as a result 

of friction generated by the connecting-rod big end 

journal bearing under dynamic loading for a full 

engine cycle. 

 

METHODOLOGIES 

Reynolds equation reflects tremendous 

insight into fluid behaviour in bearing lubricant 

films. A simplified version of the 2-D Reynolds 

equation as shown below is being employed: 

 

𝜕

𝜕𝑥
(
𝜌ℎ3

𝜂
∙
𝜕𝑃

𝜕𝑥
) +

𝜕

𝜕𝑦
(
𝜌ℎ3

𝜂
∙
𝜕𝑃

𝜕𝑦
)

= 12 {
𝜕(𝜌ℎ𝑢)

𝜕𝑥
} 

 

Hence, a numerical analysis is used for solving the 

2-D Reynolds equation based on Reynolds boundary 

condition. In addition, the 2-D Reynolds solution 

was derived by using a combination of approaches, 

namely finite difference method, Newton-Raphson 

method, and Taylor expansion series. Nevertheless, 

the mathematical model for both rigid and 

deformable journal bearing was also derived. 

 

 

RESULT AND DISCUSSION 

The results simulated from the 

mathematical model, written in C-language, are 

compared with the analytical and experimental 

results from the referred journals [1] and [2], 

respectively. For low loading conditions, the 

simulation results from both rigid and deformation 

models have only shown minor differences, 

demonstrating correlation with existing analytical 

and experimental results. However, simulation 

results from the deformation model assumption is 

much closer to the experimental results obtained 

from real engine analysis during high loading 

condition. Figure 1 shows the minimum oil film 

thickness between simulation and experimental 

results. 

 

 

 

 
Figure 1:  Minimum Oil Film Thickness between 

Simulation and Experimental results 
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INTRODUCTION 

Epoxy composites are becoming an essential part 

of today’s materials because they offer 

advantages, such as low weight, corrosion 

resistance high fatigue strength and ease of 

component assembly. Its behavior can differ 

when there is moisture inside the composite [1,2]. 

This study presents an analysis on two types of 

composite materials, which are  

1) Carbon fiber Reinforced epoxy (CFRE),  

2) Flax fiber reinforced epoxy, (FFRE) composite 

sheet. 

 

RESULT AND ACHIEVEMENT 

Table 1 shows the reduction pattern of Young’s 

modulus of CFRE and FFRE composite before 

and after moisture absorption test. Table 2 and 3 

show the coefficient of friction for CFRE and 

FFRE when rotating against steel and silicon ball 

respectively. It shows the opposite trend for 

Young’s modulus, which decrease when the 

moisture content increases in both CFRE and 

FFRE composite materials. Furthermore, 

frictional properties are observed to be higher 

when the composite material is being rotated 

against the steel ball when compared with the use 

of silicon nitride ball.  

 

PROJECT OBJECTIVES 

The aim of this project is to determine the extent 

of moisture absorption for both CFRE and FFRE 

composite. 

   

Table 1: Young’s Modulus of CFRE and FFRE 

before and after moisture test  

 
 

Table 2: Coefficient of friction for CFRE and 

FFRE when rotated against steel ball before and 

after moisture test 

 
 

Table 3: Coefficient of friction for CFRE and 

FFRE when rotated against silicon nitride ball 

before and after moisture test 

 
  

METHODOLOGIES  

Specimens of CFRE and FFRE composite are 

fabricated using vacuum infusion method.  

Specimens for moisture absorption test need to be 

prepared onto six (6) coupon size of 50 mm x 50 

mm with 3-ply of every fiber. Specimens for 

tensile testing need to be prepared in several size 

in accordance of standard of ASTM D638 and 

ASTM D3039. Moisture test is conducted using 

Water bath containing 60° of distilled water. For 

Tensile test is conducted by using Universal 

Testing Machine and executed with a rate of 

2mm/min to obtain its Young’s modulus.  

While for friction test, it is conducted based on 

ASTM G99 by using Pin-on-disk tribo-tester. The 

applied normal load for the friction test is 20N and 

for each of the test, the test duration is set to be 60 

seconds. The test speed is first set to 500 rpm and 

the steel and silicon nitride ball’s diameter used in 

this study is 8 mm with a wear track radius of 20 

mm. Obtained experimental results for these tests 

composite materials will then be analysed and 

correlated. 

   

REFERENCES 

[1] Herrera-Franco, E. Pérez-Pacheco :J. I. 

Cauich-Cupul :A. Valadez-González :P. J. 

(2013). Effect of moisture absorption on the 

mechanical behavior of carbon fiber/epoxy 

matrix composites. Journal of Materials 

Science, 1873-1882. 

[2] Abdul Moudood, Anisur Rahman, Andreas 

Ochsner, Mainul Islam, Gaston Francucci. 

(2018). Flax fiber and its composites: An 

overview of water and moisture absorption 

impact on their performance. Queensland, 

Australia: Griffith School of Engineering, 

Gold Coast Campus, Griffith University. 

 

 



Procedia Undergraduate Mechanical Engineering Research 

Volume 1, September 2019 

235 
 

EFFECTS OF STACKING SEQUENCE ON THE TENSILE BEHAVIOUR OF QUASI-

ISOTROPIC COMPOSITE LAMINATES 

Wong Tze Thong and Wong King Jye 

School of Mechanical Engineering, Faculty of Engineering, 

Universiti Teknologi Malaysia, 81310 UTM Skudai, Johor, Malaysia 
 

INTRODUCTION 

Conventional laminate theory suggests that 

a quasi-isotropic composite, fails at the same level 

with similar tensile strengths regardless of different 

stacking sequence with constant ply orientations. 

However, past studies conducted show that even 

though a quasi-isotropic composite laminate with 

various stacking sequences have the same stiffness 

for all, the tensile strengths displayed differently 

[1,2]. Failure theories of composites were 

implemented to test the effectiveness and credibility 

in predicting failures [3].   

 

METHODOLOGY 

In this section, MATLAB code was 

developed to calculate the Classical Laminate 

Theory against the failure theories (Maximum 

Stress, Maximum Strain, Tsai-Hill and Tsai-Wu) to 

determine failure predictive capabilities. A finite 

element model is then created to perform tensile 

simulation on four specimens with different stacking 

sequences ([45/-45/0/90]s, [-45/0/45/90]s, [-

45/45/90/0]s and [45/90/-45/0]s) which failure 

pattern of each lamina was analyzed.  

 

RESULTS AND DISCUSSION 

The force per unit length for maximum 

stress and maximum strain failure theories only 

satisfy the failure for cross-ply orientation 

composite which is comprises of only 0 and 90-

degree ply orientation. However, both Tsai-Hill and 

Tsai-Wu failure theories meet the requirements of 

the ideal ply failure. This is largely due to the nature 

of the failure theories where Maximum Stress and 

Maximum Strain do not consider the interaction of 

strength parameters in direction-1, direction-2 and 

shear direction whereas Tsai-Hill and Tsai-Wu, both 

consider. Table 1 shows the ply failure load under 

different failure theories. The results of a finite 

element model under tensile simulation of an 8-ply 

unidirectional laminate also further clarifies that the 

Tsai-Hill failure theory does have interactive 

elements and Maximum Stress and Maximum Strain 

failure theories do not interact well with shear 

failure at certain ply angles. In ply damage pattern, 

we can observe that stages and contour of failure is 

different for 0, ±45 and 90-degree under various 

stacking sequences. Figure 1 shows the intra-ply 

stress contour for +45 ply at different stacking 

sequence. It was found that 0-degree plies in the 

middle serve as the structure core which will affect 

the tensile properties of other nearby plies.     

 

 

 

 Table 1: Force per unit length (NX) required for 

each lamina to fail under different failure theories 

 
 

 
Figure 1: Intra-ply stresses for +45-degree ply orientation 

of each stacking sequences 

 

CONCLUSION 

We have demonstrated the predictive capabilities of 

the failure theories and effects of stacking sequence 

towards the tensile properties of a quasi-isotropic 

composite using finite element simulation. 

However, more experimental data has to be 

conducted to further justify the simulation results.    
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INTRODUCTION 

The use of techniques and activities to 

achieve and sustain the quality of a product is known 

as quality control. Whereas, the use of techniques 

and tools to improve the product or service is known 

as quality improvement. Statistical quality control 

(SQC) is a tool for use in quality activities, which is 

the collection, analysis, and interpretation of data. 

Quality assurance is the systematic actions or plans 

to make sure a product or service meets the quality 

requirements. This includes a continuing evaluation 

of adequacy and effectiveness with a view to having 

timely corrective measures and feedback initiated 

where necessary [1]. 

 

METHODOLOGY 

Product average usage life and customer 

reported issue are collected. SPC and AHP analytic 

tools are used to analyse the collected data. 

Vibration experiment is then carried out to 

determine the suitable weight range for the 

counterbalance. Seven conceptual design are created 

for redesign counterbalance. The best design has 

chosen by evaluating through PDS and VOC. 

Detailed design is created. The design is then 

undergone simulation analysis. The simulation 

result is verified by comparing theoretical and actual 

results. Five samples of counterbalance have added 

certain weight and tested to validate the results. 

 

RESULTS AND DISCUSSION 

At the end of problem identification, 

bearing failure and vibration have the highest rank 

after analysis as shown in Figure 5. Whereas, the 

spoiled bearing sample had inspected by bearing 

expect. The result of bearing sample had reported 

bearing specification is in control, and the bearing 

failure is due to other factors. Thus, component 

redesign will be focusing on reducing the vibration 

that cause shuttle jam.  

160 gram of additional weight is 

determined as a suitable additional weight for 

current counterbalance through vibration 

experiment as shown in Figure 6. Whereas, instead 

of 160 gram, 150 gram has been chosen. 10 gram 

reduction is an anticipation plan for the weight 

tolerance of counterbalance. The redesign 

counterbalance as shown in XX. Counterbalance 

might be produced underweight or overweight. 

Anticipation plan with underweight is chosen as 

additional weight on the counterbalance has less 

cost compare to the cost of weight reduction process. 

Additional weight plate has lower cost. Weight 

reduction process for each overweight 

counterbalance involve direct cost and overhead 

cost. 

 
Figure 5: Overall Score and Rank of Problem 

Identification. 

 

 
Figure 6: Vibration Experiment Result. 

 
Figure 7: Redesign Counterbalance. 

 

CONCLUSION 

Vibration is the main cause to the product quality 

issue. The vibration experiment has shown that the 

additional weight on the counterbalance can reduce 

the vibration. This also show that the product quality 

and performance can be improved. Thus, it is 

believed that this can reduce the chance of 

component breakdown, reduce extra costs, increase 

product reliability, gain customer satisfaction and 

promote sustainability. 
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INTRODUCTION 

This project seeks the line balancing 

improvement in printer manufacturing company in 

order to improve the productivity of one of the 

assemblies in this company, cartridge assembly line. 

Line balancing has various methods that can be 

implemented to improve the efficiency of the 

assembly line. In this project, Largest Candidate 

Rules (LCR), Moodie Young Method, and Hoffman 

Method are being used 

 

METHODOLOGY 

Line balancing is used to generate the new 

alternative work schedule for the assembly line. The 

table of the work element with the standard time of 

each work element is showed in order to rearrange 

the work schedule. The theoretical cycle time is 

determined to avoid the work station cycle time to 

exceed it. The line efficiency for the new work 

schedule is calculated by both using MS Excel and 

manual calculation. The simulation is conducted by 

using a discrete event simulation software, 

WITNESS 14 

 

RESULTS AND DISCUSSION 

 
Table 1: Comparison between the Line Balancing 

Algorithms 

 

Table 1 shows the line efficiency and  

production rate among the five models. 

These five models are the actual assembly line, 

Largest Candidate Rules, Hoffman Method, 

Kilbridge and Wester Method(KBW) and Moodie 

Young Method. From the table, Hoffman Method 

and LCR have the highest line efficiency compare to 

the other line balancing algorithms. The line 

efficiency of these two-line balancing algorithms 

reaches to 80.12% and the production rate increase 

to 2534 units per days. Hence, The LCR is the best 

in the line balancing algorithms comparison. From 

Table 2, Hoffman Method and Kilbridge and Wester 

have the highest production output which is 69255 

units per month The average operator utilization of 

Hoffman Method is 78.08% and is higher than 

KBW. Due to having a higher percentage of average 

worker utilization and the results from the line 

efficiency, Hoffman Method is chosen as the best 

alternative to solve the poor line balancing problem.  

 
Table2: Performance Measurements in Simulation 

System 

Production 

Output 

(unit/month) 

Average Worker 

Utilization (%) 

LCR  66124 74.55 

Hoffman  69255 78.08 

KBW  69255 73.99 

Moodie 

Young  
66124 70.64 

 

 

Figure 1: Simulation of actual scenario generated by 

WITNESS 

 

CONCLUSION 

From the results of the simulation, Hoffman Method 

has the best line efficiency and the production output 

compared to the alternative solution.  
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  Line 

Efficiency(%) 

Production 

Rate/ day 

Actual 50.98 2457 

LCR 80.12 2534 

Hoffman  80.12 2534 

KBW 75.7 2534 

Moodie 

Young 

75.7 2534 
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INTRODUCTION 

Layout planning is one of the most vital 

decisions that determine the long-run efficiency of a 

company’s operations. Layout planning also has its 

strategic implications because it helps organizations 

establishes their competitive priorities. A case study 

has been done on a printer manufacturing company. 

The existing plant layout of the company is not 

properly designed and it is ineffective. Problems in 

the company are identified and solutions are 

proposed. 

PROBLEM IDENTIFICATION 

This section presents problems found from 

the current existing layout. The process flow of the 

printer assembly process is not smooth and 

unsystematic. There is unnecessary long distance 

travelled and crossover along the material flow path. 

These problems are time consuming which lead to 

longer production time and lower efficiency of the 

assembly process. 

ALTERNATIVE DEVELOPED AND 

SIMULATION 

Two alternative layouts were developed by 

using SLP method and CORELAP method after the 

problems were identified in the existing layout. 

Figure 1 and Figure 2 shows the alternative layouts 

developed using SLP method and CORELAP 

method respectively. 

After both alternative layouts developed, 

total distance travelled are calculated and flow of 

materials in each layout is drawn. After that, 

simulation models are built for the existing layout as 

well as alternative layouts. The number of outputs 

produced by the existing layout and the alternative 

layouts are compared. Based on evaluation, 

alternative layout developed using SLP is the best 

among the three layouts as the layout has the shortest 

travelled distance between departments and the 

highest average total output.  

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1: Alternative layout by SLP 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2: Alternative layout by CORELAP 

 
 CONCLUSION 

The total distance travelled between departments is 

calculated and the flow of materials is drawn to 

determine the problems of the existing layouts. The 

proposed layouts showed a great improvement to the 

current existing layout from the aspect of distance 

travelled and number of outputs. 
REFERENCES 

[1] J. A. Tompkins, J. A. White, Y. A. Bozer and 

J. M. A. Tanchoco, (2010), Facilities Planning, 

John Wiley & Sons, Inc.  

[2] R. Muther, (1973), Systematic Layout 

Planning, Boston: Cahners Books. 

[3] J. Heizer, B. Render and C. Munson, (2017) 

Operations Management, Sustainability and 

Supply Chain Management, Pearson Education 

Limited. 

 

 

 

 

 

 

 



Procedia Undergraduate Mechanical Engineering Research 

Volume 1, September 2019 

239 
 

SIMPLIFIED FREEBOARD CALCULATION FOR LOCAL SMALL BOAT 

Nur Amira Yusri and Yahya Samian 

School of Mechanical Engineering, Faculty of Engineering, 

Universiti Teknologi Malaysia,81310 UTM Skudai, Johor, Malaysia 

 
INTRODUCTION 

Freeboard is one of the terms in maritime 

terminology. Considering freeboard at any type of 

vessel will provide a stability and safety of the vessel 

on certain waterways. Freeboard is defined as the 

vertical distance measured amidships, from the 

upper edge of the deck line to the upper edge of the 

related load lines. Malaysia is using International 

Convention of Load Lines 1966 (ICLL) to calculate 

the freeboard of the vessel. However, referring to the 

Freeboard Table (Regulation 28) provided in the 

ICLL 1966 where it determined the tabular 

freeboard, the minimum provided length of ship is 

24 meter with 200 mm freeboard. Hence for vessel 

categorizes below 24 meter, the ICLL is not suitable 

to calculate freeboard of the vessel. Therefore, this 

study will be focused to simplified freeboard 

method and formulation for local small boat.  

 

EXPERIMENTAL SETUP 

This section presents the procedure to 

analyse the developed simplified method. Using 

drawing collected, built the model. Import the model 

into MAXSURFStabilityAdvanced64 to analyse the 

stability. Choose the suitable draft for the vessel and 

set the VCG. Run the upright hydrostatics analysis 

and obtain the displacement at design draft. Next, 

use Large Angle Stability and set the trim and 

heeling angle of the vessel. Run the analysis and 

determine either the vessel pass of fail the IMO 

stability criteria. If failed, change the draft and 

repeat the step. If passes, continue to calculate the 

freeboard by depth of vessel minus draft of vessel. 

 

RESULT AND DISCUSSION 

At the end of the analysis, the freeboard of 

the vessel can be determined. The IMO criteria will 

show a passed result when the chosen draft is 

suitable with the vessel.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: The Freeboard at Different Vessel     Dimension 

Tug 

boat 

Length 

(m) 

Beam 

(m) 

Depth 

(m) 

Draft 

(m) 

Fb 

(mm) 

1 22.354 6.4 3.255 2.60 655 

2 23.5 7.32 3 2.25 750 

3 23.15 7.3 3 2.3 700 

4 23.5 7.315 3.048 2.32 728 

5 23.8 6.1 2.7 2.035 665 

6 23 7.315 3.048 2.3 748 

7 23.26 7 2.9 2.22 680 

8 23.9 7.2 3.5 3.645 855 

9 20.97 5.486 2.316 1.766 550 

10 23 7 3.2 2.6 600 
 

Equation to calculate the freeboard are as 

follow: 

 

Freeboard (Fb) = Depth (m) - Draft (m) 

 

CONCLUSION 

The result of this project show that the 

simplified method and formulation using 

MAXSURFStabilityAdvanced64 can be used to 

determine the freeboard of the vessel with length 

below 24 meter once the stable draft of the vessel 

was known. 
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INTRODUCTION 

 The current international standard for 

tonnage measurement, the International Conference 

on Tonnage Measurement of Ship 1969, ITC’69 [1], 

is not suitable for vessel below 24 meters in length. 

Simplified tonnage measurement method is a 

simplified formulation for tonnage measurement 

where only the basic dimensions are required and 

the calculation process is simple and fast. It is a 

simplified version of the ITC’69 method and was 

invented mainly to calculate tonnage for vessel less 

than 24 meter in length. There are three simplified 

tonnage measurement methods that had been 

developed in Malaysia, but each have its own 

weaknesses. Hence the reason for this study, to 

develop a simplified tonnage measurement method 

for local small vessels accurately and fast. 

 

EXPERIMENTAL SETUP 

First and foremost, lines plan and general 

arrangement plan of nine ships with length less than 

24 meter were gathered from reliable sources. Data 

such as the basic dimension of a ship and the volume 

calculated using Simpson’s Rules and Boxing 

method were measured and gathered. 

A series of measurement methods were 

formulated to calculate the volume of a ship. This 

was done by comparing different types of methods 

to calculate volume against the volume calculated 

using DigitizeIt and Boxing method. From there, a 

scatter chart with a best fit line were plotted in order 

to generate a whole new equation to calculate 

volume of a ship using only its basic dimension. 

Derivation of K1 was based on ITC’69 

method. Hence the developed simplified tonnage 

measurement methods is as shown in Table 1. 

 
Table 1: The proposed simplified tonnage measurement 

methods 

 

 

 

RESULTS AND DISCUSSION 

The tonnage for all nine ships were then 

calculated using all the existing simplified methods 

as well as the two proposed simplified methods. The 

results obtained were then compared with the result 

obtained from ITC’69 method. The closer the 

average error percentage to zero, the more accurate 

it is. 

 
Table 2: Average error percentage for gross tonnage 

 
 

Table 3: Average error percentage for net tonnage 

 
 

CONCLUSION 

Based on Table 2 and Table 3, both the proposed 

simplified methods achieved the closest average 

error percentage to zero among the rest when 

compared with ITC’69 method. Hence this shows 

that both proposed simplified methods are accurate. 

In addition to that, both methods are very simple to 

use since it only requires the basic dimension of a 

ship.  
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INTRODUCTION 

Harvesting a coconut tree involves hard 

work as a worker will have to climb up to 30 meters 

in height to harvest around 30 to 75 fruits per year. 

This can be quite a challenge for the coconut 

harvester as it involves a lot of energy and time to 

harvest one coconut tree. Thus, to reduce the 

workload of a coconut harvester and follow today’s 

industrial transition to industry 4.0, a development 

of tree climbing and cutting robot can be useful and 

beneficial to them. The use of Arduino and MIT App 

Inventor 2 can help in the development of the control 

system. Robot control system is used to implement 

the sequence of the robot’s movement due to the 

actuation of forces or torques under the influences 

of disturbances that may contribute to unpredictable 

error [1]. 

 

SYSTEM SETUP AND DEVELOPMENT 

The process of designing a control system 

for robot involves several analysis dan describes the 

system and several mechanism testing. Some 

analysis includes functional analysis and 

mechanism analysis of the robot. Afterwards, we 

will be designing a control system based on the 

mechanism which will be tested first to test its 

functionality. 

Several main components are selected 

based on the requirement needed for the robot to 

function very well. The requirement needed 

includes the selection of motor, servo motor, motor 

driver, microcontroller and the power supply. The 

components that fulfil these requirements are RS-

775 DC motor, MG995 Servo motor, MDD10A 

motor driver, Arduino Mega and 18650 

Rechargeable Battery. Extra components needed 

includes, HC-05 Bluetooth Module and LM2596 

Voltage Regulator. 

The final system that has been connected is 

shown in Figure 1. The software development is 

done through several programming of Arduino to 

instruct it to give response to the input given by the 

application on mobile phones. Figure 2 shows the 

completed functional application that will give the 

input instruction to Arduino through Bluetooth 

module. 

 

SYSTEM ANALYSIS 

The calculated power consumption of the robot is 

650.27 W. The robot needed at least this much 

power to functions. For the power efficiency, it is 

calculated that if the motor produced the desired 

performance, it will be 56.16%. However, the 

efficiency based on the measured voltage and 

current without load is 98.53% This shows that the 

power supply is still enough to support the robot 

with or without load. The problem faced is that the 

required climbing torque is miscalculated. From that 

the component used is insufficient to climb a tree. 

Thus, the robot cannot be exactly tested to observe 

is functionality. 

 

CONCLUSION 

We have shown the process of designing the control 

system of the climbing and cutting robot. Even 

though, the robot is unable to climb, the system it is 

still functioning, and the components can move 

based on instructions selected via smart phone 

application. 
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Figure 1: Complete Prototype 

 

Figure 2:  Complete Functional Application 
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INTRODUCTION 

Floor cleaning is an endless activity consist 

of repetitive task which is boring and time 

consuming [1]. Apparently, variety of cleaning 

products are available in the market, designed to 

assist human for cleaning purpose. For instance, a 

vacuum cleaner is used to eliminate dust from floor 

surface. Basically, these devices capable to reduce 

cleaning time and improve cleaning depth [2] but 

they consumed high-power, expensive and had 

uncertain performance for certain products. 

Therefore, robotic cleaners took place recently [3]. 

Undoubtedly, robotic cleaners are more expensive, 

have low running time and some of them are 

difficult to troubleshoot. Because of that, the project 

will design a floor cleaning device specifically for 

dry cleaning condition to assist human for cleaning 

purposes.  

 

EXPERIMENTAL SETUP 

 

 

 

 

Product design specification (PDS) is the 

guidance to generate several possible features for 

morphology chart. There were eight design concepts 

developed through random selections. Concept 

Design 2 with the highest score about 71%, was 

selected as final design. The selected concept has 

rounded shape chassis and has low tendency getting 

stuck between obstacles. The design was equipped 

with two front caster wheels. Therefore, it has good 

stability during movement.   Despite the 

advantages, the final design has had little 

improvement. The design used D-shape chassis 

instead of using rounded shape. The idea is to have 

more space for components installation. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Improved version of final design 

CONCLUSION AND RECOMMENDATION 

A floor cleaning device for dry cleaning 

condition has been successfully designed and 

fabricated, capable to effectively wipe and store dirt 

using spinning sweeper as cleaning mechanism. 

However, the cleaning device can be improved in 

the future. The cleaning mechanism should be 

replaced with a dry vacuum. Suctioning method is 

apparently the most efficient for floor cleaning 

mechanism and compatible with compact size 

cleaning device. 

In addition, the cleaning device should 

used four-wheel drive, Omni-directional wheel 

system. The wheel system enabling the device to 

move diagonally and having precise positioning. 

Basically, the wheel system will enhance cleaning 

device mobility. 
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INTRODUCTION 

Through billions of years of evolution, 

many types of animal robots have developed to deal 

with these challenges. A comprehensive study and 

analysis of tree-climbing methods have been 

conducted to the selecting of the most efficient 

mechanism to climb and cut, motion planning, 

finding the suitable components need to use, the 

procedure used to produce the final concept of the 

robot and many more.  

An animal-based tree climbing and cutting 

robot is design to help the workers from risky and 

unsafe task which it involves climbing up and down 

the tree while balancing the body at the dangerous 

height. By designing this robot, coconut harvesting 

can be done efficiently and in directly, increase the 

agriculture’s productivity. 

 

METHODOLOGY  

This section presents the flow of the 

procedure needed to follow in order to design and 

produce the prototype of the robot. Firstly, conduct 

a comprehensive study and analysis of existing 

climbing robot and cutting mechanism. Next, 

propose conceptual designs for this climbing and 

cutting animal-based robot and improvise the 

chosen design. Then, analyse and propose the 

suitable components and materials use for this 

climbing and cutting robot. After that, develop 

engineering analysis on the final design where 

power analysis and finite element analysis is 

calculated to produce an efficient robot. Lastly, 

fabricating the final design and come out with a 

prototype. 

 

RESULTS AND DISCUSSION 

At the end of design procedure, an animal-

based tree climbing and cutting robot is selected 

based on the Product Design Specification and 

Evaluation matrix.  

A limited 

analysis performed on 

this robot where power 

analysis is conducted in 

order to find maximum 

torque needed by the 

robot to climb the tree. 

The forces are 

calculated by 

determine the force at 

wheel point based on 

the free body diagram. 

Firstly, calculate the 

moment force at any point with higher unknown. 

Then, calculate the axial forces at x-axis and y-axis. 

Table 1 below shows the forces needed by the robot 

at several cases,  

 
No. Cases F (N) N (N) 

1 Static motion 38.75 25.92 

2 Rectilinear motion (up) 48.23 29.53 

3 Rectilinear motion (down) 29.27 22.35 

4 Curvilinear motion 48.23 1.47 

5 Rectilinear motion (θ max) 48.23 16.67 

Table 1: Forces required by the robot. 

 

This is to observe the effect of using 

different motion of the robot to climb at tree, the 

value of force was varied. This is mainly due to the 

inconsistency in generated force when the robot is in 

different condition. Thus, we chose the maximum 

force to calculate the torque and the power. The 

torque required to overcome this force is; T = Fr, 

where r = radius of the wheel, T = 1.45Nm. Lastly, 

Calculate the power, P = Tω and give P = 580 W. 

From the power obtained, a motor is with 

suitable condition is selected. The motor should 

supply enough power to the system. Otherwise, the 

system will not function due to insufficient power. 

 

CONCLUSION 

The objective of this research has been achieved 

where to design the robot and produce the prototype. 

The design procedure is important to be followed. 

This is because every phase of the procedure will 

help massively in the development of the prototype. 

However, the prototype unable to perform its task 

smoothly where it unable to climb due to several 

problems like the size of the wheels used, the type 

of the wheels used, insufficient power supply, too 

heavy and wrong assumptions at first analysis. 
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INTRODUCTION 

This project will be conducted basically on 

the function of microcontroller in cleaning device. 

This project is supposed to be an improvement of 

previous cleaning device that is conducted by 

previous students. The suggested improvement is 

the device can be controlled by smartphone with 

Bluetooth connection. The device also can be 

steered to any position before mapping the route. If 

there is any obstacle or steep, the device can stop 

immediately and warn the user. The device should 

be able to do at least 2 methods of cleaning, which 

is sweeping and mopping. 

 

METHODOLODY 

This section presents the planning of 

development for the system. It is decided to reuse 

the previous project for component selections in 

keeping the previous function in cleaning purpose. 

Afterwards, new subsystem is developed for 

improvement of the device, such as Bluetooth 

control, obstacle avoiding and memorizing path. 

New components selection is done for fulfilling 

these subsystems. 

 System build up is done through coding 

implementation and wiring. Then, the components 

are patched up onto a body device for modelling test. 

 

RESULTS AND DISCUSSION 

The device is successfully built and ready 

for test modelling. It is shown that Bluetooth control 

is successful, where every instruction given like 

moving forward can be run by the device flawlessly. 

Voltage step down is done beforehand on the 

Bluetooth module because the signal is not 

stabilized when Arduino supplies 5 V to Bluetooth 

module, where the best results is 3.3 V. 

For obstacle prevention, the device is 

capable to avoid the obstacle with the help of 

ultrasonic sensor. At certain distance when the 

device is near the obstacle, it will be changing 

direction for cleaning next area to it. 

 

 
Figure 1: Cleaning device model 

 

 
Figure 2: Apps for Bluetooth Control. 

 

Recording path function is not working 

well due to certain bugs in the coding like retrieving 

the data from MicroSD which is saved in character 

data (.txt file). Data is needed to be read in integer 

for the device to run correctly. 

 

CONCLUSION 

It is concluded that improvement has been done on 

the device, like Bluetooth control and obstacle 

prevention, except that the memorizing function is 

suggested for another way of storage instead using 

MicroSD. The best way to store and read a data 

directly is by using array in variables. Future 

development can be done regarding on this issue. 
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INTRODUCTION 

Develop safer roadways and more 

crashworthy roadside safety features is the most 

important things for public as it can low the 

possibility of the serious injuries and fatalities of 

vehicle occupants. Therefore, median barriers have 

been developed and used on highways for 

compulsory safety purpose including concrete 

barriers, W- beam, Thrie-beam guardrails and cable 

barriers [1]. So, the purpose of this study is to 

evaluate the impact characteristic and energy 

absorption performances of guard rail post under 

crash loading by relate it with finite element 

modelling using LS-DYNA as a nonlinear finite 

element code. 

 

EXPERIMENTAL SETUP 

This section presents the experimental 

setup for the system. Tensile test was conducted by 

followed ASTM E-8 [2] and quasi static bending test 

followed ASTM E-9 will loading rate 5 mm/min. 

For simulation, there were two components 

designed using LS-DYNA. Guardrail Post was 

designed followed quasi static requirement with the 

impactor assigned as prescribe rigid motion with 

constants acceleration. Guardrail System designed 

followed dynamic test with velocity of impactor 

constants V= 10 m/s. 

 

RESULTS AND DISCUSSION 

 Figure 1 shows the result of tensile test. 

This material has yield stress of 433.00 MPa and 

Maximum tensile stress 507.00 MPa. Young’s 

Modulus is equal to 278.67 GPa.  

 Figure 2 shows the results of validation 

compared with experiment and FE. For percentage 

error peak load has 9.13 %, Mean load has 4.64 %, 

CFE 4.12 % and EA 9.52 %. 

 

 
Figure 1: Stress-strain curve for galvanize mild 

steel material 

  

 
Figure 2: Load-displacement comparison curve for 

FE model validation 

  

PARAMETRIC STUDY 

For parametric study, there were five (5) parameter 

had been studied, configuration, radius, width, 

height and velocity. 

 

Table 1: Overall results of parametric study 

 

 
 

CONCLUSION 

Radius of guardrail post is critical part based on 

parametric study as the average specific energy 

absorption more than 0.9 kJ/kg 
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INTRODUCTION 

Thin-walled structure widely used as an 

energy absorber. Energy absorption of circular ring 

under lateral loading is inefficient due to plastic 

strains localization around the plastic hinges. Nested 

tube system proposed by Baroutaji  et al. , Olabi et 

al. and Wang et al. to increase the energy 

absorption[1-3]. Niknejad et al. and Fan et al 

proposed foam filled tube.[4, 5]. Auxetic structure 

as filler structure is expected having good energy 

absorption due to negative Poisson’s ratio. 

 

METHODOLOGY 

The auxetic-filled ring is fabricated from 

aluminium due to high ductility. Tensile test was 

conducted to determine the mechanical properties. 

Quasi static compression test is conducted to 

validate the numerical simulation. Both have a good 

agreement. Auxetic-filled ring, honeycomb-filled 

ring and empty ring is analysed numerically to 

determine the better energy absorber. The better 

energy absorber will be selected to perform a 

parametric studies . 

 

RESULTS AND DISCUSSION 

Based on the result that have been recorded 

in, both numerical and experiment have good 

agreement. 

 

 
Figure 8: Numerical vs Experimental 

 
Figure 9: Load-displacement comparison on different 

filler 

 Auxetic-filled structure absorb more 

energy due to the structure deform simultaneously 

and synchronously. Honeycomb-filled is lower due 

to the ineffective of the materials deformation. The 

honeycomb deforms only at the plastic hinges make 

them inefficient. The parametric study is performed 

to auxetic filled to investigate the effect of geometry 

on energy absorption. 

 

CONCLUSION 

To conclude that, as the thickness increase, 

the energy absorption will increase. It will increase 

the SEA, MCF, and CFE. As the diameter decrease, 

the energy absorption is increase due o increasing 

collapse load. The angle increase, the collapse load 

decrease and energy absorption is slightly decrease. 
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INTRODUCTION 

Electric vehicles have several 

disadvantages compared to conventional vehicles, 

such as their road ability and vehicle weight. To 

overcome these problems, range-extended engine 

technology has been developed. A range extender is 

a generator set that consists of an internal 

combustion engine coupled with a generator that 

operates when it is required. 

 

PROJECT OBJECTIVES 

The aim of this project is to develop 

electric vehicle with range extender model by using 

MATLAB/Simulink and use developed model to 

predict fuel consumption and battery performance 

when completing different driving cycle. 

 

METHODOLOGY 

This project is done with a few equations 

by Guzella [1]. The collected data was used to build 

a model of electric vehicle in MATLAB/Simulink. 

The engine model was applied to an electric vehicle 

model as a range extender, and its performance was 

simulated while piloting two driving cycles. The 

result is presented in the form of graph that produced 

by MATLAB/Simulink. 

 

RESULTS AND DISCUSSION 

Based on the results produced, there are 

three section of conclusion that can be conclude and 

the conclusion were made based on fuel consumption 

of the engine used as range extender, state of charge 

(SOC) and the used of two driving cycle (NEDC & 

Artemis driving cycle). For the first section, the fuel 

consumption was compared between model 

developed in Matlab/Simulink and model existing in 

market. Its shown that the fuel consumption 

developed used less fuel when SOC is set to 0.27. 

The differences are about 0.127L at the same 

distance and time. Next, battery state of charge 

(SOC) is compared by different ICE power set in the 

simulation. EV using high ICE power (3kW) show 

that the battery usage is longer with more range 

compared with EV using less ICE power (2kW). The 

EV can travel about 66km in 2hours. However, the 

less power EV can travel 54km in 1.68hour before its 

need to recharge. Last but not least, the comparison 

between two cycle was make. Artemis driving cycle 

with average speed (57.49km/h) can travel about 

64.95km in 1.14hour meanwhile NEDC driving 

cycle with average speed 32.22km/h can travel 

66.58km in 2.1hour.  
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INTRODUCTION 

In recent years, many car manufacturers 

leaning towards producing alternative ways apart 

from internal combustion vehicle.  The production 

of  Hybrid Electric Vehicle (HEV) and Electric 

Vehicle (EV) are growing fast.  The main purpose 

of using these alternative ways is that to reduce the 

usage of petrol and diesel and also to reduce exhaust 

emission which instigating greenhouse effect. 

Almost all HEV and EV available in the market are 

using NiMH batteries, but LiB batteries are expected 

to grow fast in HEV and EV markets. The LiB a 

more preferable power storage medium for HEV and 

EV since it has high energy density, low self-

discharge rate, low maintenance and lightweight [1]. 

In this experimental study, the Lithium-ion battery 

module will be placed in the airflow tunnel while 

Resistor Temperature Detector (RTD) sensors are 

placed on the battery surface and anemometer is 

used to measure the air velocity in determining the 

distribution of temperature of various points on the 

battery cell surface during the discharging process 

with different discharging strategy of discharging 

rates and air velocities. 

 

EXPERIMENTAL SETUP 

An air flow tunnel is used in this 

experiment.  Battery module is made up of 3 units of 

Lithium-ion battery cells connected in series with 

the voltage of 12V.  The battery capacity is 40Ah.  

Between battery cells has gap of 3mm to let air flow 

through the battery module to remove heat away 

from discharging process. Battery module terminal 

is then connected to copper plate and next connected 

to cable with the other end connected to the 

discharger, DC DC Programmable Electronic Loads 

Series IT8514C+ for discharging process.  Axial fan 

is used to create constant air velocities in the airflow 

tunnel.  Resistance Temperature Detector (RTD) is 

placed on 3 different positions on battery cell 

surface.  Discharging strategies are varied between 

constant discharge rates, 1C, 3C and 5C.  While air 

velocities are varied with 1.5m/s and 3.0m/s.  All the 

instruments used are then connected to LabVIEW 

software as data logger.   

 

RESULTS AND DISCUSSION 

Figure 1 shows the temperature behaviour 

at point 1 with different discharge rates, 1C, 3C and 

5C with the same air velocity of 1.5m/s.  For the 

comparison between the discharge rates, the data is 

taken at the most critical condition which is at point 

1, where in all condition of discharge rates, it 

produced the highest temperature.  While data also 

taken with the least cooling effect, which is with the 

air velocity of 1.5m/s.  It is clear that with discharge 

rate of 5C, marked the highest temperature at 

52.2˚C, while discharge rate of 3C, marked 48.1˚C 

and discharge rate of 1C, marked the lowest 

temperature at 32.7˚C.  In contrary, the discharging 

time, 1C discharge rate has the longest time of 

2777s, while 3C discharge rate marked 517s and 5C 

has the shortest time of 197s.  

 From this data, we can say that the higher 

the discharge rate, the higher the temperature 

produced.  While in the aspect of discharging time, 

the higher the discharge rate, the shorter the 

discharging time.  Also, the air velocity does give an 

impact in the thermal behaviour of the battery.  As 

higher air velocity will result in lower battery 

temperature.  From this study also proved that 

battery temperature across the battery surface is non-

uniform.  The point nearest to positive terminal 

marked the highest temperature, while the point 

nearest to negative terminal came second and the 

point on the centre between positive and negative 

terminal marked the lowest temperature. 

 

 
Figure 10 : Cell temperature at point 1 

CONCLUSION 

It is clear that discharge rate and air 

velocity affects the thermal behaviour of Lithium-

ion battery.  Besides, the temperature across the 

battery cell surface is non-uniform under 

discharging process. 

 

REFERENCES 

[1] Hannan, M.A., et al., Review of energy 

storage systems for electric vehicle 

applications: Issues and challenges. Vol. 

69. 2017. 771-789. 

 

 
 



Procedia Undergraduate Mechanical Engineering Research 

Volume 1, September 2019 

249 
 

MEASUREMENT OF POWER REQUIRED FOR EMDAP CVT RATIO CHANGE 

Muhammad Amirul Mohd Basri and Zul Hilmi Che Daud 

School of Mechanical Engineering, Faculty of Engineering, 

Universiti Teknologi Malaysia, 81310 UTM Skudai, Johor, Malaysia 
 

21. INTRODUCTION 

Regular CVT which generally utilized in 

the market is electro-hydraulically actuated type. 

It needs nonstop capacity to supply power to keep 

up the ideal proportion what's more, avoiding 

gross belt slip. Along these lines, it can decrease 

CVT effectiveness [1]. An elective answer for 

empower financial fuel utilization is to utilize 

electromechanical CVT type with single acting 

pulley framework since it just works amid 

changing the transmission proportion [2]. The 

single acting pulley mechanism utilized in this 

framework causes misalignment of metal belt. 

This belt misalignment may lessen the belt life. 

 

22. EXPERIMENTAL SETUP 

This section presents the experimental 

setup for the system. I used Matlab Simulink as my 

work platform to conduct the experiment. In order 

to determined the power require when ratio 

change, I used existing FKM’s EMDAP CVT and LEM 

55-P Hall Sensor  

The conducted test was intended to find 

the suitable battery power. The experiment was 

done to get CVT output speed, EMDAP CVT ratio 

change and DC motor current input. All the result 

was calculated by the system or computer itself. 

 

23. RESULTS AND DISCUSSION 

Figure 1 show the output speed of EMDAP 

CVT when we go under drive to over drive then 

reverses. At first gear, the output speed is ±25 

RPM, 2nd gear is ±30 RPM, 3rd gear is ±40 RPM, 

4th gear is ±55 RPM and 5th gear is ±75 RPM. For 

the reverse gear which is from over drive to under 

drive the output speed almost same but in 

descending order of output speed. Figure 2 show 

the ratio change of EMDAP CVT when we go 

under drive to over drive then reverses. We follow 

the standard ratio change for Proton Persona car 

year 2016. The results show from under drive to 

over drive the ratio change decrease and for over 

drive to under drive the ratio change increasing. 

Figure 3 show the DC motor current 

input when going under drive to over drive and 

reverse. The measurement results have shown 

that the current needed for ratio change was 

constant and independent of the initial ratio value. 

However, twice more is needed to operate from 

underdrive to overdrive than opposite. It is 

constant around 50 Amp when ratio go from 

underdrive to overdrive and 25 Amp when goes 

the opposite direction. 

 
Figure 1: EMDAP CVT Output Speed 

 

 

Figure 2: EMDAP CVT Ratio Change 

 

 

Figure 3: DC Motor Current Input 

 

24. CONCLUSION 

The measurement results have shown that the 

current needed for ratio change was constant and 

independent of the initial ratio value. However, 

twice more is needed to operate from underdrive 

to overdrive than opposite. 
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INTRODUCTION 

As fully electric cars are still not capable to compete 

with internal combustion engine cars, electric 

vehicle with range extender is the solution to the 

limited driving range and extremely high cost of 

electric vehicle. For this configuration of 

powertrain, only the electric motor drives the 

powertrain. They operate basically as a normal 

battery electric vehicle until their battery depletes to 

a certain point. At that point, the internal combustion 

engine will work as an auxiliary power unit to power 

the electric motor or to recharge the batteries and 

allow the vehicle to continue operating [1]. 

 

MODEL DEVELOPMENT 

MATLAB/SIMULINK software is utilized 

for the modelling and simulation of electric vehicle 

with range extender. The model developed will be 

based on an existing battery electric vehicle ATV. 

There are five important component in developing 

an electric vehicle with range extender model which 

are vehicle dynamic model, electric motor 

transmission, battery, internal combustion engine 

and fuel consumption. New European Driving Cycle 

(NEDC) and Common Artemis Driving Cycle 

(CADC) will be repeated for 5 hours to be use as 

driving cycle for model simulation. Model is 

develop referring to Erdinc [2] and Guzella [3]. 

 
RESULTS AND DISCUSSION 

The model is firstly run without the internal 

combustion engine component. This is to depict the 

model without the range extender, making it a 

Battery Electric Vehicle (BEV). The model is then 

run with the addition of internal combustion engine 

component. The internal combustion engine will 

supply 5 kW of power if state of charge is below 

90%. Result of simulation will show battery 

performance, distance covered, and fuel 

consumption. 

 Figure 1 shows result of simulation for 5 

hours of NEDC driving cycle. The BEV model only 

covers 75.73 km while PHEV manages to cover 

158.2 km. Referring to figure 2, the state of charge 

of battery for BEV depletes completely at 8484 

seconds/141.4 minutes. For PHEV, state of charge 

of battery does not depletes fully as it is recharged 

by internal combustion engine. This is possible due 

to there is many instances in NEDC cycle that the 

power required to propel the vehicle is below than 5 

kW, hence the excess power is used to recharge the 

battery. 

 
Figure 1: Simulation result for distance covered for 5 

hours of NEDC cycle 

 
Figure 2: Simulation result for battery performance for 5 

hours of NEDC cycle 

CONCLUSION 

We have shown the ability of a range extender to 

increase the driving range of an electric vehicle. The 

benefit of installing a range extender is clearly seen 

through the model simulation. 
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INTRODUCTION 

Over recent years, there has been an 

increasing growth of interest in development and 

research study in badminton field are carried out 

in order improve the quality of this sport. 

Nowadays kind of training for professional in the 

badminton circles. The repeatedly training used is 

“Multi-Shuttle” training period. Multi shuttlecock 

involves the coach to distribute the shuttlecock to 

player at different type of shot during training 

session. The shot consists of drop shot, middle 

court, lob shot and smash which allow the player 

to read all time. A set of this training usually 

requires hundreds of shuttlecock where the coach 

repeat the serve for the player.Which shuttlecock 

launcher, coach can freely concentrate on 

coaching and analysing their player instead of 

serve the shuttlecock every time. [1]. 

 

DESIGN PROCESS  

This section presents the design process 

for the function of mechanical component and 

system. Design process consist of eight-step basic 

process that are usually used in a problem solving 

(figure 1).  

 
Define the Problem Analyse and select a 

solution. 

Do Background 

Research 

Do Development 

Work. 

Specify Requirements Build a Prototype. 

Brainstorm Solutions. Test and Redesign. 

Figure 1: Basic steps of design process 

 

The process of selection for the final design 

mechanism is be done by using the Weight 

Objective Method table 2 and Eleven Point Scale 

Method table 3. List of objective and requirement 

are Functional Ability, Maintenance, Cost, Size 

and Weight and Safety. [2] 
Table 1:  Weight objective method. 

 

RESULTS AND DISCUSSION 

In this result also we can list that the design 

specification for the shuttlecock after finish 

fabricating. The detailed for the shuttlecock we 

obtained is shown in Table 3. 

Table 2: Eleven points scale method. 

Point Description 
0 Totally useless solution  

1 Inadequate solution  

2 Very poor solution 

3 Poor solution 

4 Tolerable solution 

5 Adequate solution 

6 Satisfactory solution 

7 Good solution 

8 Very good solution 

9 Excellent solution 

10 Perfect solution 

Table 3: Product Design Specification 

 

CONCLUSION 

Main focus of this chapter is to conclude overall 

summary for the study and to propose a 

recommendation for the shuttlecock launcher. All 

mechanism of the shuttlecock launcher was 

design by using available materials such as 

aluminium profile, L joint, DC motors, stepper 

motors and etc. The shuttlecock launcher was 

design using CAD Drawing using SolidWorks 

2017 and was analysed by using static analysis 

Von Mises in order to determine the failure of the 

design using the material proposed. Using 

existing material help to reduce the cost of 

shuttlecock launcher. The main objective of the 

study is to design the mechanical component and 

systems that are portable and affordable 

shuttlecock launcher for badminton users is 

archived. 
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Objective Ranking 
Order 

Scale Weight 
Percentage 

Weight 
factor  

Functional 
Ability 

1 10  33.33%  0.333 

Maintenance 3 6  20.00%  0.200 

Cost 4 6  20.00%  0.200 

Size and 
Weight 

2 8  26.67%  0.267 

Total    30  100.00%  1.000 

Specification Details SHUTTLECOCK 

LAUNCHER 

Dimension Size 200 x700x 300 mm 

Weight Around 4-5 kg 

Power Supply Power Supply 10 000 mAh power bank + 

lithium ion battery 

Battery Life Up to 30 minutes 

Rechargable Yes 

Materials Frame  Aluminium Profile 

Launcher roller Plastic 3D Print 

Tripod Stand Aluminium 

Dispenser Aluminium Rolled Plate 

Speed 20 km/h to 161km/h 

Frequency 5s/shuttlecock 

Lifting stand Up to 100cm 

 Development Cost Cost  RM 450- RM 600 
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INTRODUCTION  

Flowmeters are used to measure the 

flowrate of a flow within a system. For this project, 

the type of flowmeter used is an orifice flowmeter. 

It uses constrictions to create pressure difference 

when a flow is flowing through it. Mass flowrate 

value can be obtained from the pressure difference 

that occurred. Previous study also shown that orifice 

has been used for liquid and vapour state of flow. 

Hasegawa et al. [1] mentioned that they tested Stoke 

flow of water through orifice. Jitschin [2] tested gas 

flow through orifice as it is an interesting 

approached to measure gas flow by using 

constriction. For this project, the flowmeters will be 

used to measure the flow in liquid and vapour state. 

One flowmeter will be used in each state. 

Calibration test is done to validate the mass flowrate 

reading obtained from the flowmeters compared to 

the actual value.  

METHODOLOGY 

Fabrication process involved in fabricating 

the flowmeters are turning, facing and drilling. The 

raw materials that is used is Aluminium for the tube 

and metal plate for orifice plate. After the design 

have been fabricated, calibration test will be done. 

For vapour state, compressed air will be used as the 

medium of flow. The mass flowrate obtained from 

the orifice will be compared to the actual value of 

mass flowrate obtained from the mass of air 

contained in a balloon over time. The same concept 

is used for the liquid state of flow. The medium of 

flow is water. The mass flowrate value obtained 

from the orifice will be compared to the actual value 

of mass flowrate obtained from the mass of air 

flowing in a bucket over time. The data will be 

tabulated and plotted to be analyzed.  

RESULTS AND DISCUSSION 

For Figure 1, the graph is plotted to 

visualizes the error in value differs between the mass 

flowrate obtained from the orifice and the actual 

mass flowrate.  

 

 
Figure 1:  Graph actual mass flowrate against mass 

flowrate obtained from orifice 

For Figure 2, the graph is plotted to 

visualizes the error in value differs between the mass 

flowrate obtained from the orifice and the actual 

mass flowrate.  

 

 
Figure 2: Graph actual mass flowrate against mass 

flowrate obtained from orifice. 

CONCLUSION 

In conclusion, it is obvious that the orifice 

reading does not produced the same value with the 

actual value. The high percentage in error may be 
caused by errors during the testing procedure. For 

liquid test, the unstable reading of u-tube 
manometer affected the accuracy in obtaining the 

pressure difference reading to be recorded. For 

vapour state of flow, the air flow disturbance may 
have caused the weighing scale reading unstable in 

producing accurate reading of mass. In the future, a 

proper test with better equipment need to be done 
to get more accurate result with minimal errors.  
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INTRODUCTION  

In conventional car cooling system, it 

makes use of compressor to compress refrigerant in 

order to lower its pressure and temperature. This 

project promotes the alternatives use of compressor 

by using air ejector. By doing so, the mechanical 

energy of the system is significantly reduced. There 

are three parameters that must be obtained from the 

experiment which are pressure, temperature. These 

parameters will be used to determine the enthalpy of 

the system. Significantly, to achieve reliable result, 

an efficient data acquisition methods and techniques 

must be developed. 

 

PROJECT OBJECTIVES 

The objective of this project is to complete 

the ejector air conditioning system test rig with 

measurements in order to evaluate the system 

performance. Therefore, correct methods and 

techniques are very crucial in achieving the desired 

result. 

 

METHODOLOGIES  

The flow of methodology starts by listing 

the available instruments to be installed in the test 

rig. The instruments selected fulfilled the purpose of 

the data acquisition process. The main instruments 

selected in measuring pressure and temperature are 

bourdon pressure gauge and thermocouple (type T): 

                                              

 

 

 

Figure 1: Pressure Gauge (left) and Thermocouple 

 

The location of installation is crucial as it 

will represent the state of refrigerant right before and 

after condenser, evaporator, and thermal generator. 

The pressure gauge can be represented by the blue 

highlighted colour in Figure 2 and red represents 

thermocouple. Next up, the data acquired was 

analysed using dimensionless analysis and 

simulation. 

 

 

 

 

 

 

 

 

 
Figure 2: Location of Pressure and Temperature in the 

Test Rig Schematic 

 

RESULTS  

The analyses done using dimensionless 

analysis or simulation shows small error between 

surface temperature of tube and internal fluid 

temperature.  

 

 
Figure 3: Result of Dimensionless Analysis 

 

CONCLUSION  

In conclusion, the internal temperature of 

the fluid flowing through tube is the same as the 

surface temperature of the tube with insulation. 
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INTRODUCTION  

The function of the radiator in the car is 

used to cool down the temperature of the cooling 

water produce by the engine. The hot water from the 

engine flow into the radiator and the fan will 

automatically switch on when the thermostat detects 

the temperature of the water is higher than 85°C. So, 

the fan will blow out the heat to the environment and 

become waste heat. The waste heat from the radiator 

can be used to heat up the refrigerant in the ejector 

refrigeration systems. Thus in this study, the 

experiment has been constructed to identify the 

ability of the waste heat energy to heat up the 

refrigerant (R-134a) in the Ejector Air Conditioning 

(EAC) system.  

 

METHODOLOGIES 

The preliminary testing will used hot water 

in the water circulation and cold water from utilities 

as the replace for the refrigerant. The hot water will 

be adjust by various flow rate refer to real car engine 

speed while the flow rate of the cold water is fix or 

constant. The water temperature of the thermal 

storage is set up to 65°C.  

This experiment is conducted to analyse 

the ability of the electrical heater to heat the volume 

of water in thermal storage at desired temperature 

and identify characteristics of the heat exchanger. 

Based on Figure 1, temperature of T1w, T2w, T3w, 

T4 and T5 will be measured in the experiment with 

adjusting the flow rate of the hot water. The data 

collected will be used to determine the ability of 

thermal storage and characteristics of the heat 

exchanger. 

 

  
Figure 1: Schematic diagram of thermal generator 

system. 

 

RESULT AND ACHIEVEMENT  

This project is successful in achieving the 

objective and scopes. The thermal storage and 

electrical heater with thermostat control is able to 

maintain the temperature inside thermal storage at 

desired temperature. From the experiment, the 

maximum temperature of hot water is 63°C and the 

maximum cold water is 61°C. The maximum 

thermal ratio is 0.33 at 10 lpm (1000 rpm) and 

lowest is 0.18 at 22 lpm (3000 rpm). From this 

preliminary experiment, based on Figure 2, it shows 

that when the flow rate of the water pump is 

increasing, the heat transfer between two fluids will 

be lower and the thermal ratio will decrease. 

  

 
Figure 2: Graph of heat transfer rate and thermal 

ratio against flow rate of water pump 
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INTRODUCTION  

Vehicle Ejector Air conditioning system is 

one of the alternative systems that can replace 

current vehicle air conditioning system. It can 

produce refrigeration by using waste heat from car 

radiator. An ejector is the heart of the system 

according to Stefan Elbel (1), it produces low 

pressure region for suction process of evaporator. 

This system also will reduce the usage of fossil fuel 

since eliminated compressor from the system. The 

COP of the system is depending on the ejector 

performance, by entrainment ratio between 

secondary flow and primary flow and limited by 

critical pressure .According to Aphornratana (2) The 

main interest of this project is to study the 

performance of the ejector by varies the distance 

between nozzle and mixing chamber. 

 

EXPERIMENTAL SETUP 

For evaluate the ejector, some 

modifications such as material and component have 

been done from the previous design to vary the 

distance between nozzle and mixing chamber for the 

evaluation purposed. From the final drawing of the 

ejector, simulation of stress analysis has been done 

to know the limitation of the pressure that can be 

apply to the ejector based on the safety factor of the 

components. An experiment needs to be conducted 

to evaluate of the ejector. This preliminary 

evaluation goal is to know the performance of 

ejector based on entrainment ratio and distance 

between nozzle and mixing chamber. Air have been 

chosen as a working fluid for this experiment. 

Selection of proper instrument also has been done to 

get data. 

 

RESULTS AND DISCUSSION 

An ejector has been fabricated and Electrical 

Discharge Machining method has been chosen by 

referring of its capability. The ejector has been 

divided to 3 majors’ component and Aluminium 

Alloy 6061 has been chosen. 

 

 
Figure 1 Fabricated Ejector with variable distance. 

 

 
Figure 2 Entrainment ratio vs outlet pressure. 

 

The result form experiment was, the ejector 

produces higher entrainment ratio with higher 

spacing to diameter ratio. It limited by critical 

pressure. The reduction of this spacing to diameter 

ratio will allow the ejector to operate with higher 

critical pressure and vice versa with increase of 

spacing to diameter ratio.  

 

CONCLUSION  

As a conclusion, ejector with variable distance of 

nozzle to mixing chamber is more versatile because 

it can operate with different working pressure with 

the highest performance of the system.  
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INTRODUCTION 

The use of compressor to operate the 

conventional air conditioning system to provide 

cooling effect for the car passengers consumes high 

amount of energy from car engine. On the other 

hand, Ejector Air Conditioning (EAC) system uses 

an ejector which operates mechanically by using low 

grade thermal energy from the car cooling system to 

replace the function of the compressor [1]. Despite 

providing energy saving, one limitation of this 

system is the difficulty to obtain the high pressure, 

low flow rate pump which is required to increase the 

pressure of the liquid refrigerant from the condenser 

to be transferred to the thermal generator before the 

heat gained from the thermal generator is converted 

to kinetic energy and used to operate the ejector by 

creating suction of the refrigeration flow from the 

evaporator [2].  

  

METHODOLOGY 

The first step in designing the system is to 

set the parameters of the temperature at generator, 

condenser and evaporator are set at 80℃, 40℃ and 

6℃ respectively. Meanwhile the mass flow rate at 

the same components are 2.184 kg/min, 3.318 

kg/min and 1.134 kg/min respectively. Next, the 

component selection is done so that they comply to 

the parameters that had been set. Third stage is 

design, followed by development of the test rig. The 

processes involved problem analysis and 

troubleshooting along each stage.  

 

RESULTS AND DISCUSSION 

The schematic diagram in Figure 1 shows 

the design of the EAC system based on the position 

and arrangement of each component. The 

components in red is the main components while 

those in blue are the auxiliary components.  

Among all components, high pressure, low 

flow pump is the most difficult to obtain. The 

suitable pump for those requirements is the positive 

displacement pump. In the market this type of pump 

is rarely used for this kind of purpose. As a solution, 

High Pressure Common Rail Fuel Pump that is used 

for the Diesel engine is recommended due to its 

capability to supply very high pressure yet still can 

be regulated by its own pressure regulator at low 

flow rate suitable to our requirements. 

The actual test rig layout is shown in Figure 

2 where the size of the components, their 

interconnections as well as their mechanical 

properties such as air flow at condenser and 

evaporator are being considered before all the 

components are integrated into the system. 

 

 
Figure 1: Schematic diagram of EAC system 

  

 
Figure 2: Actual layout of the components in the test rig 

 

CONCLUSION 

As a conclusion, the test rig developed serve as a 

platform for future testing, research and 

improvement on EAC system. It is also 

recommended to come out with a project to design 

and fabricate a specific pump for the system. 
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INTRODUCTION 

Anchovies is one of famous fish that usually 

used in food making and fish industry. The split 

anchovies usually come with clean from its heads, 

guts and bone part. These parts defined as waste 

where the usage of the fish approximately between 

60% to 70% and the amount of waste for about 40% 

[1]. The part of fish waste can be categorized into 

several part where each of part contain its nutrient 

that can be benefits towards living things [2]. In 

order to add-value of the waste, a few products can 

be produced from the waste such as anchovy pallet. 

A few steps of process can be done to making the 

anchovy pallet which are sieving, grinding, mixing, 

palletizing and drying. 

 

DETAILED DESIGN ANALYSIS AND 

FABRICATION  

This section presents the analysis of design 

where the sieving/classifying process required to be 

fabricated. The slider crank mechanism can be used 

for sieving/classifying process. This mechanism 

used convert rotational motion into a reciprocating 

motion and vice versa [3]. The sieving/classifying 

can be done if the size of one kind of particles is 

bigger than the size of holes in the sieve and the size 

of other kind of particles is smaller than the size of 

holes in the sieve. 

 

RESULTS AND DISCUSSION 

 

 
Figure 11: Results of Sieving/Classifying Process 

Figure 1shows the average results of the 

anchovy retained on the mesh number 6 and 10 

where the mesh size used is 2.03mm and 3.13mm 

respectively. The average weight for large, medium 

and small size are 113g, 33g, and 60g respectively. 

This shows that the batch for this waste anchovies 

have a lot small size retained compared to medium 

size. As general that separation by sieving sieve only 

removes particles that are larger than the pores in the 

sieve.  

Adding value is the process of changing or 

transforming a product from its original state to a 

more valuable state. Many raw products have 

intrinsic value in their original state. Value added 
production is just one of many possible strategies 

that must be considered before marketing. The 

palettizing product of waste anchovy is one of the 

alternatives to be added value where it required 

further process to obtained product. 

Grinding process can produce the waste 

anchovy into powder where the machine rotated at 

high speed and crushed the anchovies into fines 

powder. Then, the mixing of the powder anchovy 

with water increases the moisture and easy for 

shaping the product into certain shape such as pallet. 

The pallet can be made using the mincer where this 

can be done after the mixing of the anchovy powder 

with water to reduce the force to rotate the screw 

conveyor. The fineness of the shape depends on the 

size of the holes of the plate used is about 5mm with 

6cm of the size of plate. 

 

 
Figure 12: End product of waste anchovy 

 

CONCLUSION 

The waste anchovy that can be classifying 

into 3 size which is small, medium and large can be 

separated using the sieving process. Mesh size that 

used for sieving process is between 2mm to 4mm 

where in this project the size of sieve used is 

2.03mm and 3.13mm. Anchovy waste successfully 

convert into added value product which is anchovy 

pallet by continue to next process which is grinding 

and palletizing.  
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INTRODUCTION 

Evaporative pattern casting (EPC) is a 

metal casting process that uses polystyrene pattern 

to shape the casting. To produce the polystyrene 

pattern, it requires continuous steam flow. But the 

polystyrene pattern production needs only small 

input of steam. It doesn't require a high temperature 

of the steam and high pressure of steam. The steam 

generator in the market today usually large, heavy 

and required large space to be placed. This demands 

a new design of steam generator for small 

production quantity. The previous study on this 

matter was very well functioning and able to supply 

the steam to the steam chest. But, this steam 

generator doesn't equip with a steam separator and 

proper exhaust heat recovery. From all of this, the 

system of the steam generator will be improves for 

further usage. 

 

EXPERIMENTAL SETUP 

The steam produced by the steam generator 

must meet the requirement of expanded polystyrene 

for the patterning process. Future improvement 

planning to develop the steam generator was to 

install an exhaust heat recovery systems to pre-heat 

the feed water and to install a steam separator to 

increase the steam quality. After that, the analysis 

was done to determine the variable such as the safety 

of the design of the steam separator and the heat 

energy required to transform water into steam 

without the pre-heat water and with the pre-heat feed 

water. During the testing process on the steam 

generator, the performance of the product is 

measured and the steam flow rate of the steam 

generator will be taken. After that, the recomen how 

to make the design more better in the future. 

 

RESULTS AND DISCUSSION 

The objective to develop steam generator is 

achieved but there are a few recommendations on 

the system that been suggested to improve the 

system before been introduced to the market. 

Because of the lack measuring device to measure the 

steam flow rates, it is suggested that the next 

researcher try to develop a steam measuring device 

using a microcontroller to get a better and accurate 

reading. 

 

 
Figure 1: The circuit diagram of the steam generator. 

 
CONCLUSION 

The objective of this research is to design 

and develop a small and portable steam generator for 

evaporative pattern casting (EPC) facility. 
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INTRODUCTION  

Friction welding works when materials 

from two different chucks, rotating and non-rotating 

are brought together into contact to develop friction. 

Hence, the welding speed will increase directly 

proportional to friction force until a certain 

parameter before it becomes constant through 

friction heating process. Later, the welding speed 

will drop at instant while friction force will continue 

to increase until the second parameter for forge force 

through welding forging process until a certain time 

before the operation complete. Along the process, 

the length of upset will be developed to ensure the 

joint is succeed. This control interface module 

developed to give the command to the process as to 

what user intended. Thus, the machines being 

controlled could respond as stated by the user. The 

module will have four parameters that control 

pressure and process time during friction heating 

and welding forging. 

 

RESEARCH OBJECTIVES 

This development aims to establish quality 

friction welding through precision controlling 

welding parameter during the forging stage 

 

METHODOLOGY 

There will be three processes including design the 

welding control system, testing and prototyping, and 

fabrication of the controller before obtain the final 

product and others. AISI 1020 or mild steel was used 

as it has a low hardenability and low tensile carbon 

steel which suitable for testing the control interface 

module and machine with secure parameter indeed. 

Over the succeeding operation, control interface 

module has been applied to the test run after several 

modifications and troubleshoots been done to 

counter the axial alignment problem at the contact 

surface. It is the outcome that process time has been 

reduce to less than 250 seconds with lower pressure 

on process 1 and more well built on upset formed. 

The data in the control interface module will be 

transfer to Matlab Simulink for validation and 

verification on the friction welding process. As a 

result, the first step up for friction force to achieve 8 

bar is about 8 seconds while the second step up for 

forge force to achieve 50 bar is 20 seconds. 

 

 

 

 

 

 

 

 

 

 

RESULT AND ACHIEVEMENT 

 

 

 

 

 

 

 

 

Figure 1: Final product after fabrication 

 

 

 
 

Figure 2: Result on workpieces cross-section after cut 

using wire EDM 

 

CONCLUSION 

This result proves that too many errors can 

be found on joint quality since the part on both side 

not completely attached. After the implementation 

of control interface module, the errors were 

minimized. This could happen due to the consistent 

pressure distributed through the friction and forge 

process. Since the process supported by control 

interface module, the results are highly repeatable.  
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