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ABSTRACT – In this work, parameter effects on thrust 

force for one-shot drilling of CFRP was conducted. A 

total of eight parameters has been selected in order to 

study against thrust force generated — an experiment 

using L18 Taguchi design to evaluate the contribution 

percentage of thrust force. Analysis of variance 

(ANOVA) and signal-to-noise (S/N) ratio statistical tools 

were used to obtain the most significant parameters 

contributes to high thrust force measurement. 

Dominating parameters contribution to thrust force are 

drilling feed rate (71.72%) for machining parameter and 

drill point angle (14.48%) for drill geometrical feature 

parameter. 

 

1. INTRODUCTION 

Aircraft manufacturing had been expanding 

throughout the last decades. The need for lightweight, 

high strength to weight ratios and stiffness to weight 

ratios structural parts are critical to manufacturing the 

aircraft. Carbon fibre reinforced plastic (CFRP) is the 

most adopted materials due to its mechanical properties 

excel and near net shape production. The drilling process 

is mandatory in the assembly of CFRP to make holes for 

bolts and rivets.  

Due to its strong anisotropy and bond strength, 

thrust force produced during drilling leads to 

delamination damage. Urgent needs to optimise drill 

geometry to lowered the thrust force generated is 

mandatory for exhibits drilling induced delamination. 

Drill types are differentiated with drill bit fluting and 

geometry. Numerous investigations among researchers to 

study the effects of thrust force using standard twist drill 

and unique drill bit geometry to enhance drilled holes 

quality[1] but still lack study regards to special drill 

optimisation. This study concentrates on contributions of 

parameters to thrust force for one-shot drilling of CFRP. 

 

2. DETAILS OF EXPERIMENT 

2.1 Experimental Setup, Material and Drill 

The drilling process was conducted using 15kW 

DMU40 monoBLOCK® Deckel Maho CNC machining 

centre. The workpiece was clamped using a backing plate 

specially made for this experiment to constrain any 

vibration during drilling process that may clout thrust 

force measurement data[2]. The Kistler dynamometer 

was placed beneath the vice and measurement data 

processed using DynoWare software. Figure 1 shows the 

experimental setup conducted. There was no pilot hole 

made for all drilled hole. No coolant has also been used 

in the experiment to prevent any contamination. 

 

 
Figure 1 Experimental setup. 

 

The workpiece of CFRP composite laminates used 

in this experiment thickness was 3.587 mm in total after 

base paint application and consisted of 26 unidirectional 

plies manufactured by local aircraft composite 

manufacturer. Areal density for CFRP and woven fabrics 

is 203 g/m3 and 107 g/m3, respectively. After the curing 

process, the laminates compacted to achieve a nominal 

volume fraction of 60%.  

The drilling trials were executed using 6.35 mm 

special one-shot drill. All drills were fabricated into 18 

different geometrical features by Walter Helitronic Mini 

Power CNC grinding centre and made from tungsten 

carbide (WC 93% & Co 7%). Geometrical features of 

drill design are shown in the next section. 

 

2.2 Taguchi’s Design of Experiments 

The multiple runs were conducted and treated using 

S/N ratio is the approach used in this experiment[3]. 

Taguchi’s experimental design of L18 was used to 

establish the optimum parameters for the thrust force 

factor. There were five drill geometry parameters in the 

experimental design, including three machining 

parameters in a total of 8 parameters selected. Table 1 

shows the L18 Taguchi orthogonal array design factors 

assigned for the present study.  Figure 2 shows the 

variation of drill geometry in the experiments.
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Table 1 L18 Taguchi orthogonal array design. 

Factor  
Level 

1 

Level 

2 

Level 

3 

1: Drilling angle (º) 0° 5º  

2: Spindle speed (rpm) 1000 2000 3000 

3: Feed rate (mm/rev) 0.05 0.10 0.15 

4: Point angle (º) 90 100 110 

5: Web thickness (%) 15 17.5 20 

6: Helix angle (º) 0 5.5 11 

7: First primary        

clearance (º) 
6 7.5 9 

8: Second primary     

clearance (º) 
10 12.5 15 

 

 
Figure 2 Variation of drill geometrical features. 

 

3. RESULTS AND DISCUSSION 

Table 2 shows the results and analysis of the S/N 

ratio and Table 3 show the contribution percentage for 

maximum thrust force based on ANOVA. Feed rate 

parameters contribute to the most significant contribution 

percentage as much as 71.72%, followed by point angle 

parameter and spindle speed parameters for 14.48% and 

6.93%, respectively.  

 

Table 2 Experimental results 

Maximum thrust force, Ftmax (N) 

Trial Ftmax 1 Ftmax 2 S/N ratio 

1 78.55 79.07 -37.93 

2 117.00 109.60 -41.09 

3 179.60 175.70 -44.99 

4 63.52 69.92 -36.50 

5 127.00 121.40 -41.88 

6 155.20 150.70 -43.69 

7 68.36 67.72 -36.66 

8 112.30 114.40 -41.09 

9 130.50 127.10 -42.20 

10 91.25 95.71 -39.42 

11 91.52 90.94 -39.20 

12 173.30 175.50 -44.83 

13 76.26 77.51 -37.72 

14 133.30 130.20 -42.40 

15 116.20 116.50 -41.32 

16 83.01 85.69 -38.52 

17 91.56 92.22 -39.27 

18 116.30 119.90 -41.45 

 

Feed rate is the dominating machining parameter 

that profoundly influenced thrust force measurement. 

This finding coincides with numerous previous study 

conducted on drilling thrust force[4]. Increasing feed will 

increase thrust force measurement. For the cutting tool 

geometry, point angle most influenced the thrust force 

measurement. Smaller point angle will decrease the 

thrust force due to a small sharp tip indenting composite 

laminates until last plies. 

 

Table 3 Contribution of S/N ratio for FTmax. 

Parameter 
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Drilling penetration 

angle 
-40.46 0.21 0.62 7 

Spindle speed -39.86 1.38 6.93 3 

Feed rate -37.79 5.29 71.72 1 

Point angle -39.4 2.28 14.48 2 

Web thickness -40.22 0.69 1.21 6 

Helix angle -40.43 0.33 0.31 8 

First primary clearance -40.16 1.14 2.75 4 

Second primary 

clearance 
-40.4 0.37 1.96 5 

 

4. SUMMARY 

The conducted experiments results are summarized 

as follows: 

(a) The significant factors of drilling process 

determined by ANOVA. The dominating factor 

is the machining feed rate and drill point angle 

for 71.72% and 14.48%, respectively. 

(b) The thrust force is increased when increasing 

the machining feed rate. 

(c) Smaller drill point angle contributes to low 

thrust force measurement. 
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ABSTRACT – In today’s world that is full of 

uncertainty, the number of new products to achieve a 

breakthrough innovation in the industry are relatively 

low. Based on previous research, the researcher has 

discovered that all this successful product has shares a 

similar trait that help them to seize the market which is 

the element of value. This value has been receiving a lot 

of attention and has been deem as one of the most 

significant factors to help new product to achieve a 

sustainable business and market success. When the first 

air-filled rubber tires were invented by Dunlop on 1888, 

the number of acceptances was low, and it took a total of 

three years to be accepted by the consumer. This indicate 

that consumers are not aware of its value and it is difficult 

to integrate value into a new product. We believed that if 

the element of Value can be embedded into the New 

Product using the Blue Ocean strategy, it can represent 

the next step in a long innovation path for tire industry. 

Therefore, the main objective of this research is to focus 

on a strategy that could help the Airless tires Modula 

Wheel to develop their own value which that can 

reconstruct the current market. The research design that 

was used is the exploratory research and the data that was 

analyze will be using the qualitative method. Thus, at the 

end of this research there will be a model that integrates 

the element of value into New Product Development 

Process. 

 

1. INTRODUCTION 

Marketing research conceptualizes that the 

innovation process is composed of a few phases that start 

from idea generation to commercialization. While the 

New Product Development is entrenched in the in the 

innovation process and is the prelaunch part of the 

innovation process. Because of this, the New Product 

Development was defined as all the new offering that a 

company can develop no matter, they are tangible goods, 

new technologies or even new services Cambridge [1] 

and Morgan [2]. 

However, Kim and Mauborgne (2015) disagree 

with this definition. They knew that the Conventional 

New Product Development process could give a positive 

impact on sales and company profitability, but question 

why the failure rate for a new product to penetrate the 

market is high. In the late 1900, Takeuchi and Nonaka [3] 

had predicted that one day the conventional and 

sequential in developing a new product will be not 

suitable and there will be a gap in the New Product 

Development Process. 

According to Schneider and Hall [4], this gap was 

invoked because most companies are not fully ready in 

term of market preparation and cooped up in designing a 

product or service that could please the customer. 

Schneider and Hall [4] notice that brand’s novel product 

shares similar element that was missing in the New 

Product which is the element of Value. This finding has 

reached the same conclusion as Kim and Mauborgne [5], 

where both agree that the element of value is not being 

embedded in the new product and the company should 

have emphasized the importance of creating value in their 

product and service. 

 

1.2 Research Question 

The overarching research question is: What is the 

strategy that can be used to embed value for the Airless 

Tires as along the process of new product development? 

 

1.3 Research Objective 

The purpose of this research is to focus on a strategy 

that could help the Airless tires Modula Wheel to develop 

their own value which that can reconstruct the current 

market: To investigate the strategy that can be used to 

embed value for the Airless Tires as along the process of 

new product development 

 

2. METHODOLOGY 

On May 2018, the researcher took five months 

conducted an interview session on two different parties 

which are from the Tire Manufacturer (Silverstone 

Berhad Malaysia and Toyo Tires Malaysia), and the 

Automotive Industries (MBSA Mercedes Benz Melaka 

and UMW Toyota Motors Sdn Bhd) make it a total of 4 

company. The result as in Figure 1. Since the focus of the 

case study is to investigate the strategy that can be used 

to create value for the Airless Tires as along the process 

of new product development. Therefore, it was decided 

that the result will be presented based in the objective of 

the research. 

 

3. RESULTS AND DISCUSSION 

Based on the analysis that was conducted 

beforehand, the researcher has found out that there are 

four values that can be integrated for the Airless Tires in 

developing a new market and differentiate themselves 

from the current one in the market via the Blue Ocean 

Strategy. Therefore, by apprehending the Blue Ocean 
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Strategy by Kim and Mauborgne [5], each phase will be 

discussed carefully below before going to the next stage 

to propose a new model to integrate value into the new 

product development. 

 

3.1 Opportunity and Selection 

The term “Opportunity” used by Cobb [6] refer to a 

favourable situation that makes it possible to do 

something at a given point in time and places where once 

it was found, it need to be analyse thoroughly to 

determine whether it has potential or not. This process is 

call as Opportunity Identification. However, there are 

two common problem occurrences in this phase which is 

the Scope Creeps (a constant change of the project’s 

definition) and Unstable Product Specification (product 

requirements or desired performance level changing as 

the product). 

According to Toyo Technical Assistant Manager, to 

underestimate the complexity of a project and not clearly 

defined it at the early stage will give birth to a lot of 

problems at the upcoming stages. Which is why, he 

suggested using the Visual Awakening as along the 

process rather than relying solely on the PIC. Kim and 

Mauborgne [5] states that the Visual Awakening process 

have the capabilities to resolve difference of opinion 

between the managers by forcefully giving them a wake-

up call using the value curve that they draw. The 

differences in opinion will be debated to reveal the defect 

in the company strategy and be presented in a form of 

canvas before reaching a common understanding.  

 

4.2 Concept Generation 

Based on the previous phase, Crawford and 

Benedetto [7] agree that it is hard to identify an 

opportunity and the most logical way of solving this is to 

approach the source of problem which is the customer. 

However, the main problem with this approach is that, the 

customer themselves are clueless about it. Cobb [6] 

mentioned that by integrating the existing concepts or 

replacing it with other concepts, it can be used to tackle 

this issue on hand.  

Toyo Technical Assistant Manager agree with Cobb 

[6] opinions and suggested of rearranging the sequence 

of the process by integrating the Visual Exploration 

Strategy and Problem-Based Ideation that can help them 

to identify the opportunity and distinct advantage of a 

product. Starting with the Visual Exploration Strategy to 

have a better understanding on how to develop a new 

product based on the customer perception. This required 

them to carefully observe on the customer behaviour and 

identified the value that can be integrated into the new 

product via the Four Action Framework.   

 

4.3 Concept/Project Evaluation 

In phase three, there are two types of initial 

evaluation that will be carried out to evaluate, screened 

and sorted out the new idea which are the End User 

Screening and the Technical Screening (Crawford and 

Benedetto [7]). However, UMW Toyota Executive 

disapprove the use of End User Screening in the initial 

evaluation. This because when the manager was asked to 

approach the customer directly in phase 2, they have 

evaluated a product feature, hurdles and criteria with a 

real user by using the Four Action Framework to 

eliminate all the unnecessary value for the new product. 

Plus, the discover values will later be counter checked by 

the Problem Based Ideation to further improve the 

evaluation process.  

The scoring model will narrow down the number of 

new product concepts to those that fit the company. From 

his experience as a developer, Toyo Technical Assistant 

Manager believe that this decision-making process can 

be improved by using the Visual Strategy Fair before the 

Scoring Model Process. He explains that by taking into 

consideration of the manager’s opinions and the element 

that of Value that was discovered, the judges can give 

marks accordingly without overlooking any great idea. 

As such, by using both of this concept, the decision 

maker can avoid any bias during the evaluation process 

and choose the concept that fits the most with company 

strategy before going to the next phase. 

 

4.4 Development 

In this phase, the product that have been selected to 

be developed will be required to undergo 3 major part 

which are Resources Preparation, the Major Body of 

Effort (Prototype) and Comprehensive Business Analysis 

before they can acquire a finite form. However, among 

this 3 major part, the part that catches the attention of 

Mercedes Benz Production Manager is the Business 

Analysis. Business Analysis consists of several important 

components (such as sales forecast, cost estimation, 

profit projections, and risk assessment) to estimate the 

new product concept commercial performance. That 

eventually led of using the Visual Communication to 

strengthen the Business Analysis as suggested by 

Mercedes Benz Production Manager. 

Silverstone Technical Assistant Manager highlight 

that the use of Visual Communication will make the 

evaluation process much stricter. If we look the other side 

of the coin, it shows that this concept has the potential to 

be commercialize and penetrate the market which be 

essential in the launching phase. 

 

4.5 Launch 

In this phase, the term “Launch” is usually 

associated with when a company decided to utilize their 

resources to commercialize a new product. During this 

period, the marketer will conduct a multimillion-dollar 

advertising campaign via Public Relation Agency to 

increase its output before the day of the launch Genc [8]. 

The Public Relation Agency will craft a press release and 

leak information about the new product to arouse the 

reporter’s curiosity. Silverstone Technical Assistant 

Manager foresee that this conventional way of 

introducing a new product will be consumed by the rapid 

speed of social media. This is because the news can be 

forgotten within minute as the unceasing flow of even 

“newer news” can pushes your announcement out of the 

collective mindshare. Thus, making it unreliable. 

Mercedes Benz Branch Manager proposed of 

aligning with a market influencer by sharing the 

discovered value with them to elevate the customer level 

of awareness of the new product. By utilizing the 

discovered value to align the audience interest with the 

company objective, they can increase 30% of likeliness 
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of a customer to purchase Forbes [9] and Haran [10]. 

Mercedes Benz Production Manager remind that an 

influencer can only persuade the consumer. What 

determine whether a consumer buy it or not will be 

depend on the product’s value that they gain. Therefore, 

it is important for a company to make sure the influencer 

to abide by the term and condition that been construct 

beforehand to avoid unfavourable situation. 

 

 
Figure 1 Proposed model summarized by researcher. Sources: [5,7,8,11,12,13,14,15,16]. 

 

4. CONCLUSION 

The main idea of this model is to embed the element 

of Value in the New Product Development Process via 

Blue Ocean Strategy in order to increase the success rate 

of penetrating the market. By going through each phase, 

the model was constructed based on the discussion with 

the respondents that are well versed in the Blue Ocean 

Strategy in embedding the value of a new product into 

the NPD process as shown in the figure above. 

Theoretically, this model has the capabilities to 

open a new market space and create new demand for a 

new product. It will serve as a guideline for the 

manufacturer to embed the element of value into the new 

product to increase the company’s growth in both 

revenue and profit. Especially for a new product that have 

low acceptance rate. Kim and Mauborgne said that, when 

a consumer have acknowledged a product’s value, the 

product’s demand will be stimulated to the point that it 

can create a profitable growth for the company. 

Therefore, for a company that wish to differentiate 

themselves from their competitors, this model might suit 

them. 
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ABSTRACT – Based on previous research, the 

researcher has discovered that all this successful product 

has shares a similar trait that help them seize the market 

which is the element of value. This value has been 

receiving a lot of attention and has been deemed one of 

the most significant factors to help new product to 

achieve a sustainable business and market success. 

When the first air-filled rubber tires were invented by 

Dunlop on 1888, the number of acceptances was low, 

and it took a total of three years to be accepted by the 

consumer. It indicates that consumers were not aware of 

its value and it is difficult to integrate value into a new 

product. We believed that if the element of Value can be 

embedded into the airless tires, it can represent the next 

step in a long innovation path for tire industry. 

Therefore, the main objective of this research is to focus 

on identifying values that could help the Airless tires 

Modula Wheel to penetrate the market as a new product. 

The research design is the exploratory and the analyzed 

data will be using the qualitative method. Thus, at the 

end of this research we may identify the type of value 

that is necessary for the airless tires as a new product. 

 

1. INTRODUCTION 

The world has started to consider the importance 

of embedded value in a product or service [1]. Which 

cause the demand for manager that can access this value 

to increase especially if this value can help them to 

achieve a sustainable business and market success [2-5]. 

Value is the thing that drives people to make a buying 

decision and its uniqueness depends on what the 

customer perceived toward a product that makes it is 

important to them. Which makes it regarded as a 

decisive weapon to attract and retain the customer to 

their prospective company.  

However, due to its dynamic feature, it can be hard 

to truly capture or define it as it depends on the type of 

demand that the customer needs. Only a few numbers of 

people have the abilities to tap in on the product value 

for a segment of people [2-5]. The firm need to manage 

this value while simultaneously anticipate thing other 

people consider valuable. By any chance they failed in 

doing so, there is a high chance that company may be 

forever stuck in the red ocean traps [2]. 

Under those circumstances, most companies will 

have the tendency to only focus on one value rather than 

two. Thus, verifying Kim and Mauborgne [2] 

declaration in the Blue Ocean Strategy books where 

they state that most companies will only embed one 

type of value in the new product is true. For those who 

integrate two or more of these elements will not only 

stimulate the demand but will also open new market 

possibilities for the company who successfully execute 

it. Therefore, by apprehending the Blue Ocean Strategy 

by Kim and Mauborgne [2], those who understand the 

importance of creating value for the customer will 

surely be able utilize this theory with hope to integrate 

the value. 

 

1.1 Research Question 

The overarching research question is: What are the 

values that could be developed for the Airless Tyres as a 

new product? 

 

1.2 Research Objective 

The purpose of this research is to focus on 

identifying values that could help the Airless tires 

Modula Wheel to penetrate the market as a new product. 

To identify the value that could be developed for the 

Airless Tyres as a new product 

 

2. METHODOLOGY 

On May 2018, the researcher took five months 

conducted an interview session on three different parties 

which are from the tire manufacturers (Silverstone 

Berhad Malaysia and Toyo Tires Malaysia), the 

automotive industries (UMW Toyota Motors Sdn Bhd) 

and the academic research (Universiti Teknikal 

Malaysia Melaka) that formed a total of 4 company. The 

result will be presented in this chapter. Since the focus 

of the case study is to identify the value that could be 

developed for the Airless Tyres as a new product. 

Therefore, it was decided that the result will be 

presented based in the objective of the research.  

.  

3. RESULTS AND DISCUSSION 

Based on the analysis that was conducted 

beforehand, the researchers have found that there are 

four values that can be integrated for the Airless Tires to 

develop a new market and differentiate themselves from 

the current market. Each one of these values will help 

the company to capture or caters the exact need and 

want of the customer accordingly. As such, the finding 

will be further discussed about what Value is essential 
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for the Airless Tyres from three different angles which is 

Tyre Manufacturer, Automotive Company and UTeM 

Researcher as shown in the figure below. 

 

 
Figure 1 The value of airless tires from three different 

perspective. 

 

4. CONCLUSION 

From the discussion above, the researcher 

concluded that there are three value that are essential for 

the airless tires which are functional value, emotional 

value and life changing value as shown in the figure 

below. 

It has been shown that the common value that was 

shared by all perspective is the functional value (the 

basis of the need for every consumer). The majority of 

the respondent agree that the airless tires will con-

tribute to a greater safety and peace of mind in driving. 

The hassle of checking the tire pressure or puncture will 

be completely remove from their mind as the airless 

tires do not contain any air within it. Plus, the 

possibilities of a catastrophic failure occur due to 

inflation, puncture, and tire blowouts are next to zero. 

The second value is the emotional value. Only one 

disapprove the integration of emotional value in the 

airless tires which is the academic research. The 

researcher believe that the Academic Researcher has a 

strong sense of duty to solve the problem that is 

happening in their surroundings and prioritize the life 

and safety of the passenger before their own interest. 

The third value is the life changing value. 

According to UMW Toyota Executive, the world is 

currently moving forward where the technology 

development is rapidly changing and believe that this 

value is related with social infrastructure that Toyota 

wanted to achieve. Which is to reduce the Carbon 

Dioxide Emission from its vehicle and to create a world 

that is free from accidents. While Toyo Tyre on the other 

hand, wish to make a product that is much safer and 

greener. 

Lastly, the social impact value. Even if the social 

impact value has the potential of helping the 

communities in changing the way others view their 

surroundings and provide a positive change of a 

pressing social challenge. The researchers cannot deny 

that the acceptance level for the airless tyres is still low. 

The consumers do not have a good perception toward 

the airless tyres, as it is still under development and still 

a new technology. Because of this, consumer was not 

able to fully grasp the Value that were an exhibited by 

the airless tyres. The researcher believes that the value 

that was seen by the customer, in some sense equal to 

the level of perception that they have. Which is why the 

researcher believes that the social impact value is not 

necessary for the time being and could be considered in 

the future when the tires are able to gain more customer 

acceptance and prove that the airless tyres is ready to be 

commercialized. 
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ABSTRACT – One of the factors influencing the 

production rate of Small and Medium Enterprise (SME) 

is the implementation of process improvement. For this 

reason, this project intends to improve the process of 

making decorative nozzle which is one of the highly 

demanded products produced by a bake-wares-producing 

SME company. Waste and process time can be reduced 

without compromising its quality. An improved design is 

proposed for stamping die such that a saving of almost 

20% material can be obtained from the decorative nozzle 

design improvement. The production rate is increased by 

18.5% after implementing the improvement of jig and 

process design. 

 

1. INTRODUCTION 

Malaysian SMEs are a vital component of the 

country’s economic development. There are many 

challenges to sustain the influence of SME’s in the 

economic growth of Malaysia. One of the challenges is 

the importance of technology diffusion and adoption in 

manufacturing sector in Malaysia.  Process technology 

employed can be the determinants of SME success [1]. 

Often by applying current technology into process 

designs in the industry, the potential that the industry can 

achieve manufacturing production goal is increasing. 

However, small companies are often limited in terms of 

investment and research facilities [2]. Therefore, this 

project intends to help SMEs to improve their process 

and be competitive in market.  A case study was done at 

a company which produced various type of bake ware 

located at Entrepreneurial Park, Kepala Batas, Pulau 

Pinang. Decorative nozzle is one of the highest demand 

products for the current year. The production flow is 

observed, and the current process design is studied. 

Suitable method is used to improve the current process. 

This in turn will able to improve the production flow as 

well as increasing the production rate. The increased 

production rate helps greatly in achieving the company’s 

manufacturing production goal [3]. 

 

2. JIG AND PROCESS IMPROVEMENT 

One of the main concerns of the company is the 

processes used in the workshop. Most of the processes 

are done manually using specialized jigs and tools; some 

require skill workers with years of experience. If this 

worker is absence for some reasons, then the affected 

production line must be put on hold for the day. Rolling 

process is identified as the process that requires 

improvement so that it will not depend on one operator 

to run. However, to improve the rolling process, some 

features on the nozzle must be removed to reduce 

working step for nozzle shaping process. 

 

2.1 Punching jig 

The current punching jig design included the shaded 

area shown in Figure 1. This feature acts as a joining 

surface to solder to join the nozzle together. Besides, the 

gap between each punching part from the metal strip feed 

into the punching machine is not consistent. This 

inconsistency sometimes produced defective parts and 

waste raw materials. The modified part design removed 

the shaded area and reduced 4575mm2 of the raw material 

for each part. It is a saving of 19.9% of raw material for 

each part. 

                       

 
Figure 1 Shaded area is removed to save material and 

reduce process (eliminate bending the edge process). 

 

2.2 Rolling machine 

The current rolling clamp used in the workshop is 

shown in Figure 2. The worker will shape the nozzle 

using his hand and wood stick to whack on the nozzle 

following the cone shape jig distending from the clamp. 

This will cause defect on the surface of the nozzle. The 

improved rolling jig is designed such that no whacking 

process is required.  

 

 
Figure 2 Manual process for shaping cone decorative 

nozzle by one expert worker. 

Modified part design 
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2.3 Simulation of current layout and proposed 

layout  

To visualize the layout clearly, both layouts are then 

drawn and simulated using DELMIA Quest software as 

shown in Figure 3. The changes in the production flow 

and cycle time for each process for both layout of the 

workshop is summarized in Table 1. The cycle time for 

the current layout is obtained from the observation of the 

actual production line. The cycle time for proposed 

layout is changed especially for rolling process and one 

process is eliminated. Bending the edge process is 

eliminated due to the improvement of the punching jig. 

From the simulation, the data collected is used to 

determine the production rate of both layouts. The data is 

then analyzed by comparing the production rate for both 

layouts.  

 

 
Figure 3 The layout sketched using DELMIA Quest for 

both production layouts. 

 

Table 1 Parameters and the flow of processes used in 

DELMIA Quest for both layouts. 

Process 
Current 

layout 

Proposed 

layout 

Shearing process 12 secs 12 secs 

Punching process 12 secs 12 secs 

Rolling process 72 secs 36 secs 

Bending the edge 

process 
12 secs Eliminated 

Soldering process 12 secs 12 secs 

Total cycle time  120 secs 72 secs 

 

The calculation steps are tabulated in Table 2. The 

data used in these calculations are based on the actual 

data collected from the workshop which is tabulated in 

Table 1. For the new proposed layout, the cycle time used 

is estimated according to the capability of the production 

line in the workshop. From the analysis of the data 

calculated, the proposed production line can produce 

more from the current production line. The average 

production rate calculated for current production layout 

is only 27.65 % while for the proposed production layout 

is 46.15%. This shows an increase of 18.5% when the 

new proposed production line based on the process 

redesign is applied.  

 

 

 

 

 

Table 2 The comparison for current and proposed layout 

Items Current Proposed 

Batch 

Processing 

Time (Tb) 

Q= 300 pieces 

Set up Time 

(Tsu) = 30 min 

Tc = 2.07 

mins 

𝑇𝑏

= 651 𝑚𝑖𝑛𝑠
= 1.5 𝑑𝑎𝑦𝑠 

 

 

Tc = 1.2 mins 

 

𝑇𝑏 = 390 𝑚𝑖𝑛𝑠
= 𝑙𝑒𝑠𝑠 𝑡ℎ𝑎𝑛 1 𝑑𝑎𝑦 

 

 

 

Average 

Production 

Time (Tp) 

𝑇𝑏 = 651 

𝑇𝑝 = 2.17 

𝑇𝑏 = 390 

𝑇𝑝 = 1.3 

 

Average 

Production 

Rate (Rp) 

𝑇𝑝 = 2.17 

𝑅𝑝 

= 27.65 % 

𝑇𝑝 = 1.3 

𝑅𝑝 =  46.15 % 

(increase 18.5%) 

 
3. CONCLUSION  

The modified part design reduced 4575mm2 of the 

raw material for each part. It is a saving of 19.9% of raw 

material for each part. The modified part design also 

enables the company to eliminate the “bending the edge” 

process. Another reason for the significance changed in 

the production rate was by the changes made in rolling 

process. The simulation data from these improvements 

were then supported by the production rate calculated 

using the production rate formulas. The production rate 

was increased by 18.5% after implementing the 

improvement of jig and process design. Therefore, the 

process improvement implemented has significant effect 

to the production rate of the product thus will enable the 

company to be more competitive in the market. 
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ABSTRACT – This paper discusses the effects of 

driving signal waveforms on the force characteristics of 

the tubular linear switched reluctance actuator (T-SLRA). 

This paper includes the investigation of the 

characteristics with three driving signal waveforms 

candidates, i.e.: (i) fundamental step signal (ii) 2.4mm 

extended period of positive step signal (iii) 2.4mm 

extended period of negative step signal.  The numerical 

analysis was evaluated by using 2-D finite element 

analysis. The results revealed that the customized driving 

signal waveforms with the 2.4mm extended period with 

the positive and negative signals both improved the 

average thrust force up to 7% and 19%, respectively. 

 

1. INTRODUCTION 

Linear switched reluctance actuators (LSRA) have 

become an attraction among researchers due to its simple 

structure, low production cost, absence of both 

permanent magnet and mechanical part; i.e.: gears. The 

topologies of typical LSRA are single-sided planar, 

double-side planar and tubular type. According to 

previous research [1], the single-sided type of LSRA 

produced unexpected normal force. The increase in the 

normal force would cause large friction between the 

mover tooth and the stator. The double-sided type LSRA 

can ease this problem with the symmetrical stator 

structure; however if the air gaps on both sides of the 

mover are not uniform due to the manufacturing and 

installation technology, the normal force would not be 

eliminated [2]. To ensure perfect mover installation, the 

tubular type LSRA (T-LSRA) is capable of eliminating 

the radial electromagnetic force. By comparing to the 

planar type of LSRA, T-LSRA inherently has two 

advantages which are higher thrust-to-volume and the 

magnetic field is uniformly distributed along 

circumferential direction. 

T-LSRAs can be classified as longitudinal flux and 

transverse flux depending on the surrounding magnetic 

flux path. A new structure of longitudinal has been 

investigated in previous studies [3,4]. In longitudinal T-

LSRA, bread type winding is implemented which has no 

end. Therefore, the usage of the winding ratio can be 

improved. The electromagnetic characteristics of  

transverse T-LSRA has been discussed in previous 

research [5]. By comparing both types of T-LSRA, the 

construction of the longitudinal type is simpler with 

lower numbers of coil windings per unit stator. However, 

according to Chen et. al [6], by comparing them with the 

same volume and mass, transverse T-LSRA provides 

higher average trust per unit volume  and  per unit mass. 

However, literature reviews have found that there is a gap 

in knowledge where optimization of customize driving 

waveform signals may help to improve the force 

characteristics and the synchronization control for 

precision motion of longitudinal T-LSRA. 

 

2. METHODOLOGY 

The proposed T-LSRA was analyzed using 

commercial 2-D finite element analysis program 

(Maxwell 2-D ver. 15.0 from ANSYS Inc.).  2-D FEA 

analysis was used since it requires lower computation 

power and time compared to 3-D FEA analysis. Error! 

Reference source not found.(a) illustrates the 2-D FE 

model. The 2-D FE model is an axial symmetric (RZ) 

model which represents a cross-section that is revolved 

360° around an axis of symmetry (the Z-axis).  

 

 
(a) 2-D model of T-LSRA 

(b)  

 
(b) 3-D Model 

Figure 1 Finite element analysis modeling. 

In Error! Reference source not found.(b), the 

designed longitudinal T-LSRA consists of twelve stators 

and a mover is made from carbon steel. The stator slots 

are split into multiple parts thus the stator winding can be 

easily embedded between the stators. To produce a 

continuous motion, three phases of current excitation are 

implemented. The driving current of T-LSRA was 

applied to the phase coils sequentially for performing a 

linear motion of the mover. The thrust force was 

generated by the mover tooth near to the active stator 

pole. When the mover tooth moves near to the centre of 
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the pole, the active coils are switched to generate a 

continuous motion. Table 1 shows the current excitation 

sequence for forward motion. Three driving signal 

waveforms are examined for improving the actuator 

performances. 

 

Table 1 Current excitation sequence for forward motion. 

Position Phase 

0mm -5.0mm A 

5.0mm - 10.0mm C 

10.0mm -15.0 mm B 

 

Figure 2 shows three candidate driving signal 

waveforms for the T-LSRA which are DS1, DS2 and 

DS3, respectively. DS1 driving signal shown in Figure 

2(a) is a fundamental step signal where only a single 

phase is driven at specific times and the active phase is 

switched in series for mover movement in linear motion. 

The DS2 driving signal applies positive current for 

2.4mm extended period, during which two phases are 

driven to increase a thrust force. The DS3 driving signal 

drives negative current on the 2.4mm extended period.  

 

3. RESULTS AND DISCUSSION 

Figure 3 shows the results of thrust force curve for 

the three proposed driving signal waveform. Table 2 

shows the comparison of the generated thrust force by 

DS1, DS2 and DS3. DS2 and DS3 generate large thrust 

force on average with 1.64N and 1.82N respectively; an 

improvement of up to 7% and 19% respectively in 

compared to DS1. 

 

4. CONCLUSION 

In conclusion, the average thrust force of the 

proposed T-LSRA can be improved by suitable exciting 

driving signal waveforms and configurations. The signal 

with extended negative step is able to improve the 

average force by up to 19% with a lower standard 

deviation compared to the fundamental step signal. The 

further enhancement of the driving characteristics is 

essential to increase the positioning precision of the T-

LSRA. This is planned for future research works. 
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(a) DS1 driving signal            

 
(b) DS2 driving signal 

 

 
(c) DS3 driving signal 

 Figure 2 Candidate driving signal waveforms for the 

proposed T-LSRA with maximum amplitude of 3A.
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Figure 3 Comparison of thrust force generated by three 

driving signal waveforms. 

 

Table 2 Performances comparison of excitation signal. 

Driving 

signal 

Measurement 

Avg. Max Min Std. Dev. 

DS1 1.53N 2.10N 0.36N 0.443 

DS2 1.64N 2.10N 1.35N 0.254 

DS3 1.82N 2.10N 1.59N 0.154 
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ABSTRACT – The objective of this study to analysis the 

construction workers during the manual handling process 

on lifting Precast Concrete Panel (PCP).  The issue of 

Musculoskeletal Disorders (MSDs) occurred in this 

industry when IBS workers lifting PCP repeatedly 

manually. NIOSH equation define as Recommended 

Work Limit (RWL) includes Lifting Index (LI) 

calculation were used as tools. The outcomes yielded the 

MSDs problem based on recommended weight limit 

value which is more than the “Load constant” itself 

besides lifting index more than 1. They benefit workers 

and increase their awareness on the MSDs issues. 

 

1. INTRODUCTION 

The construction sector shows a significant 

indicator in any country’s economic growth. It comes 

with establishes infrastructure essential for 

socioeconomic growth to becomes major contributor to 

extensive economic impact [1].  In Malaysia, the 

construction sector play as spine in contribution in Gross 

Domestic Product (GDP) as 50.1 billion or close to 5% 

of the national GDP in 2016 with number of wages 

employment of 1.25 million or 9% of national manpower 

[2].  This will have created huge number of job 

opportunities within the industry and indirectly industries 

as company in supply chain [3].  Meanwhile, another 

latest technology comes along in construction sector is 

Industrial Building system (IBS) with offer the 

advantages of high quality of good acceptance, faster 

accomplishment of projects, organised components 

storing and judicious material conveyance; reducing cost 

of on-site worker and cost of transferring waste material 

[4-5].   

The construction job done by employee comprises 

scrubbing and arranging the sites, excavating, functional 

with power tool, unloading and loading of material, 

placing and maxing concrete and also work at different 

times [6] . All these items will lead the worker to 

ergonomic risk and becomes seriously injures as sprains 

and strains at upper limb especially at hip, spine and 

shoulder blades. These factors caused by contact stress of 

vibration, awkward postures, high repetitive movement 

and carrying heavily loads which related to MSDs [7-8]. 

 

 

 

2. METHODOLGY 

This project starts by collecting data by observation 

on construction site at Projek Perumahan Awam 1 

Malaysia (PPA1M) Jasin, Melaka that apply the nearly 

70% IBS on their project. PCP is one of categories IBS 

have been used on this project by contractor due its low 

cost. The size of PCP depends on specification and model 

produced by the manufacturer. The specifications of PCP 

been used in this project are 135 kg/m2 of weight 

distribution, range mass between 240 kg to 260 kg with 

compressive strength 40 MPa. While, the dimensions of 

PCP are 100 mm thick, 600 mm width, 3300 mm length. 

Generally, this PCP comes in bulk in form of 5 units of 

PCP for each pallet in the position of the horizontally.  

Once at the construction site, the workers lay the PCP on 

the floor to lifting vertically. 

The NIOSH equation has been used for analysis of 

PCP weightlifting tasks done by the workers rather it 

signification to ergonomic risk that can contribute to 

MSDs.  This mathematical model developed by NIOSH 

useful to predict the risk of lifting – related injuries.  The 

equation defines as RWL which describe the maximum 

acceptable load that most workers could perform of an 8 

hour without develop risk of MSDs to upper limb. While, 

Lifting Index (LI) is calculated to perform a relative 

approximation the rate of physical stress and MSDs risk 

[9].  The equation (1) of RWL and equation (2) of LI 

shows as figure below; 

𝑅𝑊𝐿 = 𝐿𝐶(23) 𝑥 𝐻𝑀 𝑥 𝑉𝑀 𝑥 𝐷𝑀 𝑥 𝐴𝑀 𝑥 𝐹𝑀 𝑥 𝐶𝑀 
(𝑀 𝑠𝑡𝑎𝑛𝑑𝑠𝑓𝑜𝑟 𝑀𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟)                     (1) 

 

𝐿𝑖𝑓𝑡𝑖𝑛𝑔 𝐼𝑛𝑑𝑒𝑥 = 𝑅𝑊𝐿 /𝑤𝑒𝑖𝑔ℎ𝑡             (2) 

The parameters of RWL for weight of PCP which 

ware; load constant (LC) is estimate about 23 kg of 

maximum recommended load to be lifted with ideal 

condition, (HM) is parallel position of the item 

comparative to the body, (VM) is perpendicular position 

of the item comparative to the floor, (DM) is distance the 

item is moved vertically, (AM) is asymmetry angle, (FM) 

is lifting duration and (CM) is quality of the workers grip 

on the object were measured for every worker.  There are 

8 workers involved in this study and can categories in 3 

different types of Body Mass Index (BMI) which are 

underweight, normal and overweight.  Then, the RWL 

results were analysed for LI base on signification to 

(below than 1.0) nominal or (more than 1.0) high risk.  
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3. RESULTS AND DISCYSSION 

The result of the RWL to determine NIOSH 

equation of the task conditions manipulated in the 

psychophysical and biomechanical experiments, the six 

multipliers must be calculated first. The measurements 

and data needed are shown in Figure 1.  In general, all the 

respondents were categorized to three groups based on 

the BMI namely Normal, Underweight and Overweight. 

 

 
Figure 1 Psychophysical and biomechanical 

determination of respondents. 

 

While, the mean of RWL by the BMI group is 

illustrated in Table 1. As the mass load in this study was 

about 250kg which was divided to 3 workers responsible 

for lifting activities. It was more than the LC itself which 

was 23 kg ware; 26.81 kg for underweight, 27.91 kg for 

normal and 28.96 kg respectively.  

 

Table 1 The mean of RWL of the BMI groups. 
BMI 

 
Less than 18.5 

(Underweight) 

18.5 – 

24.99 

(Normal) 

25- 

29.99 

(Over 

weight) 

Average 

Concrete panel 

per person (kg) 

(MAWL) 

83 83 83 

RWL (kg) 26.81 kg 27.91 kg 
28.96 

kg 

Note: MAWL – Maximum Acceptable Weight of Limit 

 

Speciously, Figure 2 indications that the LI analysis 

verified that all groups of respondents scored more than 

1 which between 2.80 and 3.10; an overall mean of 3.10 

for underweight group, 2.98 for the normal group and 

2.88 for the underweight group. All the LI values were 

greater than 2, indicative of a possible high risk for the 

respondents performing such tasks of suffering Low 

Back Pain (LBP).  A further analysis was carried out with 

LI values of more than the baseline 1, verifying that RWL 

values that exceeded the baseline of LC supports imposed 

a higher risk of LBP for each respondent.  

 

4. CONCLUSION 

The results of the RWL, LI and physiological 

experience among workers while lifting the precast 

concrete panel with sizes 3300 mm x 600 mm yield that 

IBS workers have been bearing with a higher risk of LBP 

and drive ultimately suffer MSDs specifically in the spine 

and waist. This scenario should be taken multiple party 

comprises government and NGO such NIOSH in 

practicing safety and health in construction especially in 

term of ergonomic risk. This is aligning with new 

legislation of the ISO 45001 which to purposes and 

managing systematically ergonomics’ workplace base on 

hierarchy control solution [10].  

 

 
Figure 2 LI for each BMI group. 
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ABSTRACT – Precise concept selection during product 

development is a crucial process. Imprecise selection can 

lead to an unwanted scenario in manufacturing. Fuzzy 

Logic with Analytical Hierarchy Process (Fuzzy-AHP) is 

an optional tool to explore and cater decision-making 

process. Fuzzy-AHP has an advantage of being able to 

process ambiguous criteria. This paper presents the 

methodology and results of a case study which adopts 

Fuzzy-AHP concepts and guidelines to effectively 

analyze various design criteria, alternatives at the 

conceptual design stage, and finally a precise decision-

making. This paper presents an alternative to traditional 

decision making methods. 

 

1. INTRODUCTION 

This paper presents the Fuzzy Logic with Analytic 

Hierarchy Process (Fuzzy-AHP) application for selecting 

the best design concept of material handling system that 

integrates the qualitative and quantitative of each 

criterion in the decision structure. The traditional method 

of AHP has a limitation in addressing the ambiguity of 

subjective judgment. Variant of Fuzzy-AHP was 

developed and applied to model the ambiguity of 

judgment by representing the verbal scale in terms of 

fuzzy number [1].  

 

2. METHODOLOGY 

A few methods of Fuzzy-AHP can be applied. In 

this study, Triangular Fuzzy is implemented. Based on 

the characteristics defined as below, we will be 

implementing Triangular Fuzzy-AHP. Firstly, 

characteristic of requirement must be defined: 

 

Table 1 Characteristic of each design concept. 

 
Cost 

(€/h) 

Speed 

(m/min) 

Item 

width 

(cm) 

Item 

weight 

(kg) 

Flexibility 

(%) 

Safety 

(%) 

Ergonomic

s 

(%) 

DC1 1.50-2.00 8-12 2-15 0-10 13-17 80-90 80-90 

DC2 
1.85-2.30 

1.75- 
9-13 2-20 0-10 15-19 75-92 78-90 

DC3 1.75-2.25 7-11 3-30 0-20 16-20 80-90 80-92 

DC4 1.90-2.40 6-10 3-25 0-15 14-18 70-85 86-90 

 

The characteristics of each of the design concept is 

as shown in the Table 1. Selection of the best concept 

design (Figure 1) must meet the manufacturing 

requirement as follows: 

(a) The cost must be in range of 1.50 to 2.00 (€/h) 

(b) Speed of conveyor must be in range of 8to10 

(m/min) 

(c) Item width is in range of 10 to 20 cm  

(d) Item weight is in range of 0 to 10 Kg 

(e) Flexibility must be in range of 16 to 20 % 

(f) Safety must be in range of 85 to 95 % 

(g) Ergonomics must be in range of 85-95 % 

 

The next step is to apply the Triangular Fuzzy-AHP steps 

as follow: 

(a) Comparison of criteria via linguistic term: 
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Where Ã = 
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(c) Updating the pair-wise contribution matrices. The 

pair-wise contribution matrices are updates 

according to the average preferences: 
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Calculate the geometric mean of fuzzy comparison 

value: 
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(d) Calculate the fuzzy weight of each criterion: 
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(e) Defuzzification of fuzzy triangular numbers: 

3

uwimwilwi
Mi
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=                 (6) 

(f) Normalize of Mi. Mi must be normalized by using 

the equation as it is non-fuzzy number. 

 =

=
n

i
Mi

Mi
Ni

1

               (7) 

(g) Calculate the score of alternative. 

(h) Ranking of priority value. 
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3. RESULTS AND DISCUSSION 

The steps in methodology is used to determine the 

best design concept of conveyor system for the applied 

manufacturing [4-6]. 

Comparison of criteria via linguistic term . This step 

must be completed on all of the n x n criteria (Table 3). 

Then sum the pair-wise comparison criteria as 

shown in Table 4. Averaging the preferences:  

 =

 = =

8250.63

1

,
4841.87

1
,

2500.116

1

MU

MMML
 

Calculate the geometric mean of fuzzy comparison 

value. Three rules to calculate the weightage: 

(a) M2 ≥ M1 = 1 

(b) L1 ≥ U2 = 0 

(c) (L1 - L2) / (L1-M1)-(U2-M2) 

 

Final weight of criteria = {1,0,0,0,0,0,0}. Then, 

ranking of priority value as shown in Table 5. 

 

 
Figure 1 Conveyor design concepts. 

 

Table 3 Pairwise comparison of criteria of two rows. 

 Cost Flexibility Speed Item Width 

Cost 1 2 1 1 2 3 6 7 8 8 9 10 

Flexibility 1/3 1/2 1 1 1 1 1 2 3 1 2 3 

 

Table 4 Adjusted pairwise comparison of criteria. 

 L M U 

Cost 36.0000 x 1/116.2500 = 0.3097 42.0000 x 1/87.4841 = 0.4801 48.0000 x 1/63.8250 = 0.7521 

Flexibility 7.3333 x 1/116.2500 = 0.0631 12.50000 x 1/87.4841 = 0.1429 18.0000 x 1/63.8250 = 0.2820 

 

Table 5 Ranking of priority value. 

Design concept Weightage 

DC 1 4.4723 

DC 2 2.0800 

DC 3 0.4477 

DC 4 0 

4. SUMMARY 

This research extracts the methodology of 

calculating the most appropriate design concepts at a 

conceptual design stage, by implementing Fuzzy-AHP.  

This method is slightly more complex than a traditional 

AHP, in addition with a certain basic criterion (and with 

more sub-criteria) and an ambiguity of a decision. Design 

concept 1 has been determined as the best design in this 

analysis, as it resulted the highest value of 4.4723. 

Application of Fuzzy-AHP can cater factors during 

product development process to cater decision on 

ambiguity and also precise criteria. A more complex 

simulation software (MATLAB) will be subject of 

interest to gain a deeper knowledge of the subject. 
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ABSTRACT – Traditional Tungku is commonly a 

typical river stone that has a certain weight and geometry. 

The high temperature stone be wrapped with herbs before 

being covered with cloth. The heat produced by the stone 

is difficult to maintain and less reliable. There is a need 

to innovate and modernize the traditional tungku. The 

new innovative tungku is not only to provide the main 

function of its traditional counterpart but also able to do 

massage, generate heat which can be adjustable, portable 

and with less weight. The system is also ergonomically 

well designed for any new mother during the postnatal 

period. 

 

1. INTRODUCTION 

Traditionally, there’s a lot of materials used as 

tungku device such as river stone, hill stone, steel block 

and also sand and rock salt. The basic procedure to use 

this tungku device is by heating that manually using stove 

or charcoal before placing it on stomach. The essential 

features in the Malay postpartum care include the use of 

herbs, heat, and Malay postnatal massage. Heat is used in 

the form of direct exposure such as hot compression 

(bertungku), warm bath or indirect exposure such as 

consuming ‘hot food’ during confinement. The former is 

also an essential practice in the Malay postnatal massage 

apart from whole body massage and body wrapping 

(barut). Massage is performed for at least three 

consecutive days, six to seven times during the 

confinement period. Hot compression is believed to be 

able to dissolve residual blood clots in the uterus, to help 

it to contract, break down fat tissue and help woman’s 

body return to its pre-pregnancy state. During the heating 

process, the temperature of the material needs to take in 

to concern because max temperature that can be handled 

by skin of a postnatal woman is 43ºC [1].  

After giving birth, it is normal for a woman to 

experience bleeding and to pass some blood clots as the 

uterus contracts and becomes smaller which is shown in 

Figure 1. During this recovery time, the woman's body 

begins the process of restoring itself to a pre-pregnancy 

state and prepares for breastfeeding. There are two types 

of blood clots that women may experience after 

childbirth which is clot that are passed through the vagina 

in the days after birth, which are from the shedding of the 

womb's lining and the detachment of the placenta and 

clots that happen inside the body's veins [2]. As the body 

sheds the placenta after childbirth, blood may pool inside 

the uterus and form clots. The normal discharge of the 

uterine lining after childbirth is called lochia. It is made 

up of blood, mucus, other tissue, and some bacteria. 

Our product can produce heat and vibration to treat 

postnatal women. Heat therapy increases blood flow 

when applied, helping to dilate blood vessels and 

improving circulation. Meanwhile, childbirth is the most 

frequent causes of weak and loose pelvic floor muscles 

[3]. This therapy helps to tone and strengthen the muscles 

of the pelvic floor while improving core stability and 

posture [4]. 

 

2. METHODOLOGY 

To develop this product a product design and 

manufacture has been followed. In general, the steps are 

shown in Figure 1. 

 

 
Figure 1 Design process. 

 

At start feasibility study has been conducted. 

Responses were collected from the mothers in terms of 

their thinking about the way the expects the modern and 

innovative tungku.  A survey has been conducted among 

different gender (new parents and future parents) and 

races. The results are shown in Figure 2. Both the needs 

and limitations are highlighted, and the responses are 

recorded in Figure 3.  

https://wrctr.co/2FtMbn0
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Figure 2 Background of the respondent.  

 

From the survey results it is well understood that the 

expectation of such a device at different race is highly 

appreciated. By considering the above factors this new 

innovative tungku can serve the community in a better 

manner. 

 

 
Figure 3 Needs and limitations of the traditionaal 

tungku.  

 

By understanding the situation product are being 

designed and detail planning are being constructed. 

Design selection and process were conducted. Figure 4 

illustrated the innovative tungku that being fabricated. 

This product is claimed the needs of the traditional 

tungku and solve all the weakness of the traditional 

tungku. Having the heating elements powered by 

electrical and power pack, the demanding heating 

preparation is simplified. The weight is now manageable 

with a heating control that suitable for the skin. 

Additional advantage of this innovative tungku is it has a 

motor that is used for rotating the front ball to create a 

smoothing massage.  

  

 
Figure 4 The innovative modern tungku. 

 

Figure 5 shows the agreement of the respondents 

regarding the innovative of the product. About 90% of 

the potential customer agreed that the product will solve 

the difficulties and challenges of the Traditional tungku. 

 

 
Figure 5. Response on accepting the innovative tungku. 

 

3. CONCLUSION 

The new innovative tungku is not only to provide 

the main function of its traditional counterpart but also 

able to do massage, generate heat which can be 

adjustable, portable and with less weight. The system is 

also ergonomically well designed for any new mother 

during the postnatal period. 
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ABSTRACT – This paper presents the design and 

development of new corner chair for Cerebral Palsy (CP) 

children with regards to therapists and parent 

requirement. Concepts were generated with regards to 

product’s portability, user-friendliness, and affordable to 

parent. Using concept scoring matrix, concepts were 

rated to its effectiveness in encouraging involvement of 

non-therapy professionals in performing therapy 

routines. Origami concept was chosen and advanced to 

prototype. The prototype was undergone field test at 

Hospital Besar Melaka. Therapists and parents agree that 

origami corner chair design is portable, compact, and 

affordable, thus encourage involvement of parent to 

practice therapy routines at home. 

 

1. INTRODUCTION 

Cerebral Palsy (CP) is a disorder of movement and 

postures caused by abnormal development or damage to 

the brain that control the movement, balance and body 

posture. The prevalence reported is 1.5 to 2.5 per 1000 

live birth [1]. According to [2], in Malaysia, there are 

about 800,000 children with some form of disability and 

8.1% are from CP children which are 64 800 cases. CP 

child posture development can be improved with proper 

seating aids like corner chair.  

The occupational therapist believed that more time 

reinforcing therapy at home would improve the 

children’s progress [3]. Many corner chair designs in the 

market to help the patients in this regard but not very 

successful to encourage home therapy due to their 

heaviness, pricy, and non-user-friendly design. Their 

weight ranges from 7kg to 12 kg and the price is at least 

RM1200. Available corner chairs in the market does not 

provide the ease to fold and collapse the chair thus 

making them bulky and is restricted to a particular place 

only. The development of new and improved corner chair 

design aims to generate concepts with less complexity 

thus reduce the overall weight, cost and is mobile. 

 

2. METHODOLOGY 

The key information was collected through survey 

and interview at Occupational Therapy (OT) Unit at 

Hospital Besar Melaka and Pusat Pemulihan Dalam 

Komuniti (PDK) with respondent of 50 person being the 

occupational therapists and parents. Survey carried out 

suggests that multiple unsatisfactory characteristic 

founds in existing corner chairs. 62% agree that those 

corner chairs are heavy, 54% finds it difficult to store and 

86% suggested that those corner chairs are not mobile. 

68% of the parent have household income of less than 

RM3000 per month and unable to afford one at home. 

Occupational therapists and parents favour 

lightweight, cheap, and portable corner chair. With 

regards on these requirements, 4 conceptual designs were 

generated. Conceptual design 1 as shown in Figure 1(a) 

inspired by the Lego® concept. This concept uses 

customize fasteners to attach separate parts into a usable 

corner chair and disassemble for storage and commute 

purpose. Conceptual design 2 proposed a briefcase 

inspired concept, where the corner chair can be collapsed 

into a considerably thin briefcase, as shown in Figure 

1(b). Conceptual design 3 as shown in Figure 1(c) 

intended to change the corner chair backrest into flexible 

and light material and uses retractable ribbon system that 

commonly used in queuing barrier. Conceptual design 4 

as shown in Figure 1(d) applies origami concept, with 

linear and simultaneous opening and folding movement. 

 

 
(a)                                    (b) 

 
                       (c)                      (d) 

Figure 1 The conceptual designs of corner chair. 

 

These concepts were evaluated and rated to its 

effectiveness in encouraging involvement of non-therapy 

professionals in performing therapy routines, as shown in 

Table 1. Concept 4, inspired by origami movement, 

ranked first and proceeded to the prototyping stage, of 

which it received several iterations and refinements 

 



Mohamed et al., 2019 

256 

 

during proof-of-concept prototyping stage. Final 

prototype was developed using plywood as material for 

body, and cushion upholstered with soft fabric.  

 

Table 1 Concept scoring matrix.   
CONCEPTS 
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Lightw

eight 

20 2 0.4 3 0.6 5 1 3 0.6 

Ease of 

storage 

15 2 0.3 3 0.45 4 0.6 4 0.6 

Functi

onality 

15 1 0.15 2 0.3 3 0.45 5 0.75 

Low 

Cost  

20 2 0.4 2 0.4 1 0.2 4 0.8 

Ease of 

use 

10 1 0.1 4 0.4 2 0.2 5 0.5 

Life 

time  

5 1 0.05 4 0.2 3 0.15 3 0.15 

Ease to 

manuf

acture 

5 3 0.15 3 0.15 2 0.1 4 0.2 

Safety 10 2 0.2 4 0.4 1 0.1 3 0.3 

Total Score 1.75 2.9 2.8 3.9 

Rank 4 2 3 1 

Develop? No No No YES 

 

The prototype was undergone field test at OT unit, 

Hospital Besar Melaka. 5 childrens with CP, aged from 2 

to 15 years old, with mild and severe CP level, was 

randomly seated. The occupational therapist performed 

their routines with or without presence of the parents, as 

shown in Figure 2. The experience of the therapist and 

parents handling the corner chair and patient were 

recorded, and their feedback was taken into 

consideration. 

 

 
Figure 2 Field test at OT unit, hospital Melaka. 

 

3. RESULTS AND DISCUSSION 

Origami concept corner chair enables the user to use 

the chair without hassle to attach and detach nor to 

assemble and dissemble the component because of its 

linear and simultaneous opening and folding movement. 

When in operable position as shown in Figure 3(a), the 

overall dimension in W x H x D is 600mm x 600mm x 

500mm, and in folded position as shown in Figure 3(b), 

the dimension is 100mm x 600mm x 500mm. The 

prototype weighted only at 4kg, and the cost to produce 

one unit is RM200 and is expected to reduce further in 

production phase. The corner chair is equipped with 

standard accessories like chest strap, belt, and pommel. 

 

   
              (a)          (b) 

Figure 3 Origami corner chair prototype. 

 

Positive feedback was received from the field test.  

The prototype exceeds the expectation on the portability 

and weight. Respondent agree that origami corner chair 

is easier to be used than the corner chair available in the 

market. It is handy, can be transported whenever the user 

is in commute. It is also proved that this corner chair 

requires small space for storage. Respondents shows 

interest to own a unit when the selling price estimated is 

at most RM600. 

 

4. CONCLUSION 

Origami concept corner chair had successfully 

developed and had shown significant improvements in 

reducing the complexity, weight, and cost when 

compared to available products in the market. With more 

than 50% less in weight and selling price, more parents 

with CP children will able to afford one-unit corner chair 

and thus contribute to the effectiveness of therapy by 

extending the therapy routines at home. 
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ABSTRACT – Urbanization has transformed vast 

agricultural land into the concrete forest due to the 

increase in world population. With this increasing 

amount of population, traditional agriculture techniques 

are unable to sustain sufficient crops for consumers. 

Without choice, urban farming by self is by far become 

one of the option to overcome the current situation. 

Indoor farming or garden is the newly developed 

phenomenon which in line with the urban farming 

concept able to offer few advantages including water-

saving watering system and power-saving lighting 

features. This new concept of indoor cabinet fertigation 

system will be introduced with a systematic design 

process and analysis which therefore explain the 

practicality of this idea. 

 

 

1. INTRODUCTION 

The world population is estimated to be increased at 

least up to nine billion by 2050, while the food demand 

will speed up at a far faster rate than population growth 

Dorling [1]. The limited spaces due to development has 

become the main factor of the increased in urban farming 

[2]. Smart garden is an indoor garden that focus to 

provide a low cost and easy to farm concept. There are 

already many smart gardens available in the market, 

where the design concept is either based on hydroponic, 

aquaponics or aeroponic [3,4].  

The main objectives for this project is to design a 

practical and compact feature beside developing a 

cabinet indoor fertigation system with water-saving 

watering system and power-saving lighting system 

features. A full-scale prototype of this design will be 

constructed and tested to analyze the practicality of this 

concept. 

 

 
Figure 1 House of quality (HOQ) for the new concept design. 
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Figure 2 Morphological chart of the design 

specifications. 

 

2. METHODOLOGY 

A survey consists of 30 urban respondents had been 

conducted to determine the customer expectation. The 

concern criteria were then being analyzed and 

transformed into design requirement before further 

compared with the existing agricultural product or 

system. The overall process can be summarized using 

house of quality (HOQ) as shown in Figure 1. 

The conceptual design stage was then being 

established using morphological chart (Figure 2). This 

diagrammatic technique is used to catalogue and help 

evaluate combinations of alternative system elements. 

Figure 2 shows the morphological chart which based on 

the existing method in agriculture (arranged in column) 

versus the design criteria which finalize from the 

customers need (arranged in row). 

Based on the analysis, the practical combination of 

design parameters for the cabinet is a fertigation system 

due to its characteristics in a table console arrangement. 

Monitoring, maintenance and plant growth monitoring 

are few important factors when designing this cabinet. 

Therefore, accessibility of the plant and the system 

become main priority. 

Kitchen room been selected as the place to locate 

for ease of reachable, thus the size should be compact. 

Liquid fertilizer is the one that commonly used in 

fertigation will eases the irrigation process as this design 

allows the separation of the top layer plants and the 

bottom layer plants. 

Five types of vegetables had been chosen to 

cultivate in the prototype and plant growth rate in this 

cabinet were recorded and compared to conventional 

farming. Selected plants were water spinach (kangkong), 

Chinese flowering cabbage (Choy Sum), spinach, onion, 

and sweet potato leaves. The selection was based on their 

popularity to Malaysian, easy harvest and easy to grow. 

3. RESULTS ANS DISCUSSION 

3.1 Design of the Cabinet Fertigation 

The design utilized kitchen cabinet concept, where 

it equipped with two flipped transparent glass doors to 

increase the accessibility of the inner section as well as 

plant growth monitoring (Figure 3). This cabinet provide 

three console of planting section whereas one layer at the 

upper level and two layers (frontal and back) at the lower 

level. The top console is for small size of vegetables, 

while the back-lower console for medium size. Both are 

side pull-over drawer type. The frontal-lower console is 

for the largest size vegetable were allowed to grow up to 

the upper level. Mesh net was placed below the glass on 

the frontal console door for air ventilation. 

 

 
Figure 3 The final conceptual design of the cabinet 

fertigation system. 

 

The irrigation system is using gravity based type 

where the tank of fertilizer-solution is placed on the top 

level of the cabinet to ensure enough static pressure for 

the supply. This concept enable energy saving since no 

pump required for irrigation system. Microtube with 

diameter of 4 mm and fitted with adjustable dripper was 

used for the irrigation. System is controlled by a water 

timer which also made the system become self-watering 

and thus therefore allowed for minimum monitoring. 

Besides the drip irrigation system, the lighting 

system is part of the whole design system as it helps the 

plants to go through photosynthesis. The lighting system 

built out of light bars with Ultraviolet rays that become 

the light source for the plants. The system allowed 24 of 

light availability to maximize the growth of the plants. 

Since the vegetables been cultivated inside the cabinet, 

therefore it is fresh.  

 

3.2 Plant Growth Rate 

The plant growth rate of each type of the vegetables 

are shown in Table 1. From the analysis, each of the 

vegetables grow faster to their optimum harvesting 

period. Therefore, it is proved that the plant grows faster 

by using fertigation system as compared to the 

conventional planting system. 
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Table 1 Comparison of plant growth rate for cabinet 

fertigation and conventional farming system. 

Planting System 

 

Vegetables 

Cabinet 

fertigatio

n (cm/ 

day) 

Convention

al farming 

(cm/day) 

Water spinach 1.52 0.5 

Chinese flowering cabbage 0.65 0.6 

Spinach 0.54 0.5 

Onion 0.39 0.17 

Sweet potato leaves 0.75 0.42 

 

4. CONCLUSION 

The indoor cabinet fertigation able to demonstrate 

indoor small-scale farming using compact space mainly 

for urban residence. By utilizing the fertigation 

agriculture concept, this design is able to provide fresh 

vegetables for daily consumption. 
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ABSTRACT – The process of destruction of the 

glutinous rice as raw material for the manufacture of 

opaque sticky rice until the moment is still using manual 

processes, where sticky rice is made in the media made 

of stone and mortar in mash using the tool pounder, 

move up and down by utilizing the power of man. The 

process of destruction is very easy to use when it is 

sticky rice so that optimal results are obtained, besides 

sticky party crafts found it is difficult to look for sticky 

rice crushing labor, the utilization of the glutinous rice 

with shredder motor movers and gearbox methods, to 

drive the tools of destruction up and down, rotates the 

dimples come with glutinous rice to move the stopper 

from the edge to the middle. The design of this 

technology, the focus of the manual process for 

dissolution, besides the limitations of manpower, the 

hygienic and the quantity of industry, this small, the 

speed and smoothness of the process of destruction can 

become very varied So, craftsmanship could not meet 

the high demand. The Glutinous rice with shredder 

motor 1.5 HP Activator method and 70 rpm gearbox, the 

transmission system. Transmission system can change 

the rotary motion into alternating motion of the gearbox 

for ascending lower pounder and with the transmission 

system into the rotary motion using the chain and gears 

tire, forwarded to change the rotary motion vertically, 

finally can play the dimples. The performance analysis 

and feasibility of glutinous rice with shredder motor 

method is that the continuity of products can be fulfilled 

and when the process of destruction is not a dependency 

to the manual process. Manufacture, test and analysis of 

the performance of glutinous rice with a shredder 

transmission system fulfilled. 

 

1. INTRODUCTION 

Buahdua village is a village located in Sumedang 

Indonesia, land of the village of Buahdua is mostly used 

as farmland, rice crops such as manioc, soybeans, and 

chili. Agricultural activity is the main sector of the 

community of the village of Buahdua and is the people's 

livelihoods, one crop is glutinous rice plant that would 

produce a sticky rice glutinous as a raw material. 

Buahdua village is famous for the production of sticky rice 

crackers and its producers have fulfilled orders from 

various cities in Java, such as Bandung, Garut and 

Tasikmalaya Indonesia. Craftsmen in villages Buahdua 

sticky rice crackers in corporate into the combined group of 

farmer’s organizations. Craftsman opaque sticky rice is 

one of the perpetrators of the creative industries in the 

field of culinary, opaque is a typical snack of West Java 

and has the potential to develop up to outside West Java. 

Creative industries in the field of culinary already has a 

broad market and be able to compete with the modern 

retail market, because it has more economic value but 

still get the profit. Based on the initial survey to the 

village of Buahdua, opaque sticky rice production 

process can be seen in Figure 1. 

 

 
Figure 1 Flow in glutinous opaque creation process. 

 

Figure 1 shows the process of making opaque 

sticky rice and glutinous rice destruction problems as 

raw sticky rice is traditionally opaque, see Figure 2, so 

that productivity is very low, while demand for glutinous 

opaque (market) is very high. It needs to be created and 

implemented (applied) glutinous rice shredder with 

transmission system, in order to address the problems 

experienced by the craftsmen of the sticky rice crackers. 

 

 
Figure 2 The process of the destruction of the 

opaque sticky rice is traditionally. 
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The most crucial process in the manufacture of the  

sticky rice crackers process of destruction of glutinous 

rice, glutinous rice because if already pounded rough or 

less gently, then it will affect quality of glutinous opaque 

impact on poor quality opaque sticky rice is cooked.  
Problems of glutinous rice ball-crushing labor of a 

problem, because of the difficulty of finding a workforce 

ready for the pounding glutinous rice. Because in the 

sticky rice pounding power required a large and quite a 

long time starting from the hours of 1.00 up to 6.00 

hours, so that the workforce should have the physical 

condition of a healthy and strong. Glutinous rice 

destruction work also has the highest workload in 

comparison with other place work, it would have an 

impact to the increasingly difficult sticky opaque 

craftsmen to find labor is willing to pound rice sticky 

rice. Based on observation and issues that do, need to be 

designed, created and implemented (applied) glutinous 

rice shredder with transmission system by utilizing only 

1 (one) 1.5 HP driving motorcycles and 1 (one) the fruit 

of 70 rpm gearbox, can move up and down mortar and 

pestle spin that comes with a stopper. Glutinous rice 

Shredder based appropriate technology, the cost is 

relatively cheap, all components of local content, easily 

made in the workshop of welding workshop and 

machining tooling as well as her treatment very easily 

that's fundamental idea and original as contribution to 

Science and technology (science and technology). 

 

2. LITERATURE 

2.1 Opaque Sticky Rice 

Opaque sticky rice is a type of snack food and are 

business activities that still exist and become the 

livelihood for most of the Buah dua village community. 

Production process opaque sticky rice until ready for 

distribution or consumption, it takes time for one day. 

The production was 

 Done in traditional and hereditary, with the simple 

equipment such as the "mortar" large-sized (for mashing 

sticky rice). 

The process of destruction of the glutinous rice 

glutinous rice into a smooth, as raw material for the 

manufacture of opaque sticky rice by using sticky rice 

with shredder transmission system, is a technology 

product innovations have invest and novelty, the 

sustainability of the production and market of glutinous 

rice with shredder transmission system is extensive, 

because the sticky opaque widely produced in several 

parts of Indonesia and se Shredder glutinous rice can be 

used for pounding rice, coffee, corn and others. 

Shredder product with transmission system will 

compete in a market that is competitive enough, then the 

differentiation of the product has to do make different 

Shredder product with similar products that exist in the 

market, his strategy is pretty give you 1 unique value 

alone and there has never been, then the shredder 

products will stand out in the market, it is there in 

glutinous rice shredder with the transmission system. 

 

2.2 Product Design 

The economic success of a company depends on 

the manufacturing capabilities in identifying customer 

needs and quickly create products that can meet the 

needs of the customer and can be produced with a low 

cost. This becomes a problem product development 

which includes a marketing function, function design, 

function and manufacturing to other functions within the 

company [1-6]. 

Product development is a series of events that 

began with the perception of the market opportunity and 

ends with the production, sale, and delivery of the 

product. Product development is also an activity that 

requires contributions from almost all functions in an 

enterprise, but three functions that became the center of 

product development, namely marketing, design and 

manufacturing. 

The specific dimensions that are commonly used 

to estimate the success of product development, among 

other things: 

(a) product quality that affect market share and 

price willing to be paid by the customer; 

(b) the cost of products that illustrate the 

advantages to be gained in volume and sales 

price; 

(c) development time describing how the company 

became responsive to technological 

developments; 

(d) development costs describe costs that must be 

incurred to develop products company; 

(e) ability Development i.e. the ability of the team 

and the company in developing the product. 

 

Understanding new products are generally 

accepted among others: 

(a) new-to-the-world products, is the product of 

the invention of the first; 

(b) new category entries, products not including 

new-to-the-world products, but can bring the 

company into the new categories for the 

product; 

(c) additions to product lines, new products that 

provide additional/product lines long (the size 

of the packaging, flavors, and others); 

(d) product Improvement (improvement of 

product), product that showed improved 

performance/value and replace old products; 

(e) repositioning, old products directed at market 

or new market segments. 

 

2.3 Transmission System  
Manual transmission is a combination of tooth 

wheels that move round and moment crankshaft to the 

driving wheels, with the intention of:  
(a) produce a greater power for the start time and 

running in place;  
(b) move the wheels at high speeds (light speed 

driving); 

(c) move the wheels turning.  
 

To do 3 things above, then needed the addition or 

reduction of the moment (speed) and change the 

direction of rotation of one of the gears. Transmission of 

important terms are:  
(a) should be easy, precise and fast it works; 

(b) power can move gently and precisely;  
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(c) light, practically in the form, trouble free and 
easy to operate;  

(d) must be economical and have a high 

efficiency: 

(e) should be easy to care for.  
Transmission system has a purpose to continue a power. 

From the power source to the source of power, the power 

user so the machine can work according to the desired 

needs. Design tools or machines should have the basic 

concept of planning. The basic concept of this planning 

will discuss the theoretical foundations that will be used 

as guidelines in designing a tool/machine. Design of 

transmission system of this part of the tools that will be 

planned or taken into account are:  
(a) An electric motor is the main component of 

machine contruction serves as a driving force. 

The movement generated by the motor is a 

rotation of the shaft. Other components of the 

motor shaft is Other components that will be 

connected to a motor shaft are pulleys or gears 

which will then be connected to a belt or chain. 

(b) Power mover is defined as the skills needed to 

do work, expressed in units of Nm/s, Watts, or 

HP/PK. Determination of large power needed 

need to pay attention to several things, among 

them is the price of yangempengaruhinya force, 

torque, speed dial and heavy working on such 

mechanisms; 

(c) the Gearbox, transmission gearbox system 

essentially is a tool or mechanism transmits 

power by wearing gear transmission system, 

the transfer of power which can provide a fixed 

round or rounds changed so much used either 

large or small scale. 

(d) Pulley is as modifiers of a motor speed, the 

engine uses a pair of Pulley that works to 

reduce the speed of the generated by a motor. 

Pulley is a Mechanism of the tool used to run 

something that functions flow power to 

conduct such a power. The workings of pulleys 

are often used to change the direction of a given 

force, send motion and change the direction of 

rotation 

(e) Belts / chains, most transmission belts use V-

belts, because they are easy to handle and 

cheap. Besides this transmission system can 

also produce large power transmissions at 

relatively low voltages. The distance that is far 

enough to separate the two shafts does not 

allow it to use direct transmission with the 

gears. Belt-V is a solution that can be used. The 

V-Belt is one of the connecting transmissions 

made of rubber and has a trapezoidal cross 

section. In its use the V-belt is wrapped around 

the V-shaped groove of the pulley as well. The 

part of the belt that wraps around the pulleys 

will experience curvature so that the width of 

the inside will increase. 

(f) Shaft is one part of a rotating machine elements 

which function to forward the power from one 

place to another. In its application combined 

with a pulley, shaft bearings, gears and other 

elements. 

3. RESULTS AND DISCUSSION 

3.1 Glutinous Rice Shredder Design 

Design of glutinous rice with shredder 

transmission system based on structural and functional 

which is divided into various sections, among others: the 

framework and the activator is equipped with a 

transmission system for moving the pestle and mortar 

spinning up and down redirect glutinous rice stopper and 

is being pounded into the middle section. Construction 

of glutinous rice with shredder transmission system, can 

be seen in Figure 3. 

 

 
Figure 3 Perspective drawing, looking up, Rear, front, 

right and left. 

 

3.2 The Transmission System of the Glutinous Rice 

Shredder 

(a) Transfer the round motor to gearbox. 

Processing machines in the production process, are 

generally driven by using electromotor (electric motor). 

Electric motors are generally used to drive or rotate 

industrial machinery, either directly or indirectly, 

through the process of reducing the rotation quantity or 

commonly called a speed reducer or gearbox.  
For some machines that operate with a large 

rotation equal to the rotation of an electric motor, the 

installation of the motor does not need to use a gearbox. 

Considering some processing machines, one of which is 

glutinous rice pounder machine which requires a large 

amount of rotation or speed, the electric motor as a 

driver will be equipped with a gearbox, to change the 

rotation of the electric motor, according to the needs of 

the engine, see Figure 4.
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Figure 4 The system electric motor with gearbox. 

 

(b) The transfer gearbox rounds into the movement 
back and forth.  
In order to change the rotating motion of the 

gearbox, using the chain converted into movement 

playing us equipped with gears and wheels without 

teeth, see Figure 5.  

 
Figure 5 System modifier. 

 

Play Movement Rotation of As. liaison will rotate 

the flywheel, using a lever connected to the flywheel 

part edge wheels, then will change the rotary motion into 

a translational motion back and forth, see Figure 6. 

   

 
Figure 6 Rotating motion converter. 

 

(d) System be translated back and forth transfer of 

alternating movement to movement up and down 

the masher. 

The alternating motion of the gears will be changed 

to an up and down motion of the pestle, meaning that the 

pestle will move up and down according to its function, 

see Figure 7. It will move up and down in accordance 

with its functions, see Figure 7. 

 

  
Figure 7 movement of up and down the pounder. 

 

(c) Horizontal round displacement becomes a vertical 

rotating movement to rotate dimples. 

The rotation of the result using a chain is 

transformed into a lower axle rotating motion which is 

equipped with a tapered shape plus a cross-screw 

mechanism as a reverse screw power movement occurs 

due to a change in the screw angle from positive to 

negative in the screw end part gradually. By changing 

the parabolic screw angle (quadrate function) at the 

maximum screw angle rotation interval, the dynamic 

effect due to the change in speed can be minimized, see 

Figure 8. 

Horizontal axle rotation is transformed into a 

vertical rotating motion which is equipped with a 

tapered shape plus, a cross thread mechanism as a 

reverse screw power movement occurs due to changes 

in the screw angle from positive to negative at the end 

of the screw, the rotating motion will rotate the dimples, 

see Figure 9. 

 
Figure 8 Transmission of as rotating movement to as 

horizontal rotating movement. 

 

 
Figure 9 The process of transmitting the rotating 

horizontally into a spinning vertical. 

 

4. CONCLUSION  

Glutinous rice pounder machine can move the 

pestle up and down and the spinning of the mortar which 

is equipped with a stopper, made with a mechanical 

transmission system. The use of a mechanical 

transmission system on sticky rice pounding machines 

is enough to use 1 (one) electric motor 1.5 and 1 (one) 

gearbox 70 rpm. 
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ABSTRACT – This paper presents the circular 

honeycomb filler subjected to oblique loading (𝜃 = 0° to 

30°). The models are tested by dynamic impact test. In 

this research, aluminium alloy AA 6060 T4 circular 

honeycomb which bottom is fixed, and top is subjected 

to 𝜃.  The finite element analysis using ABAQUS code 

was validated according to the relevant experimental data. 

The performance of energy absorption (EA) and specific 

energy absorption (SEA) on different angles of loading 

were presented. The result showed, increased of 𝜃, the 

decreased of both EA and SEA.  

 

1. INTRODUCTION 

In a crashworthiness, the thin-walled components of 

the space frame absorb energy through a combination of 

bending and axial collapse [1,2]. Among previous works 

done, the dynamic behavior of out-of-plane for both 

filled and non-filled aluminium honeycombs with fillers 

are all the more regularly utilized as a part of energy 

absorption design. 

The circular honeycombs are not much found on the 

out-of-plane crushing behaviors. However, honeycombs 

are typically utilized as the core of sandwich panels in 

terms of out-of-plane [3]. In this study, the main objective 

is to study performance of out-of-plane circular 

honeycomb under dynamic impact. The thicknesses of 

every cell are investigated which t = 0.06mm is 

investigated. All models are carried out by both axial and 

oblique loading which 𝜃 = 0°, 10°, 20° and 30°. 

 

2. METHODOLOGY 

To evaluate the energy-absorbance of structures, it 

is necessary to define the crashworthiness indicators. The 

parameters, such as energy absorption (EA), specific 

energy absorption (SEA), and peak crush force (PCF), 

can efficiently evaluate the crashworthiness of structures. 

EA is calculated as: 

𝐸𝐴(𝛿) = ∫ 𝐹(𝑥)𝑑𝛿
𝛿

0
  (1) 

Where 𝐹(𝑥)  is the instantaneous crushing force with a 

function of the displacement δ.  

SEA indicates the absorbed energy (𝐸𝐴(𝛿)) per unit 

mass (𝑀) of a structure as: 

𝑆𝐸𝐴(𝛿) =
𝐸𝐴(𝛿)

𝑀𝑡𝑜𝑡𝑎𝑙
  (2) 

Where 𝑀𝑡𝑜𝑡𝑎𝑙 is the structure's total mass. In this case, a 

higher value indicates the higher energy absorption 

efficiency of a material. 

The ABAQUS-Explicit was used to develop the 

circular-celled honeycombs that were impacted by a 

dynamic loading. The walls of the honeycombs were 

modelled using four node shell continuum elements with 

five integration points along the element's thickness 

direction. The honeycombs were impacted by prescribed 

velocity of 15 m/s with mass block of 400kg. A 0.4mm 

element size was chosen [4]. The contact interactions 

between all components were the general contact 

algorithm and hard contact used to avoid interpenetration 

of walls. Meanwhile, the friction coefficient value for all 

contact surfaces was set at 0.2 for the dynamic case [5]. 

Figure 1(a) shows the schematics of circular-celled 

honeycombs under different impact loadings. The length 

of the honeycomb block, h is 50mm subjected to load 

angles, 𝜃 with 0°, 10°, 20° and 30°. The honeycomb 

cross-section is shown in Fig. 1(b), thicknesses are 

specific as 0.06mm and the radius of every single cell of 

the honeycombs 5.2mm. The honeycomb fillers are 25 

cells each block (5 x 5) is numerically worked to verify 

the validity [6].  

 

 
    (a)                (b) 

Figure 1 Finite Element Model (a) Circular-celled 

honeycomb and (b) cross section view of circular-celled 

honeycomb. 

 

The circular-celled honeycomb was modelled using 

shell element. The material used is aluminium alloy AA 

6060 T4 with mechanical properties of density, ρ = 

2700kg/m3, Young's modulus, E = 68.2GPa, Poisson's 

ratio, ν = 0.3, initial yielding stress, σy = 80 MPa. The 

explicit finite element code ABAQUS was applied in the 

simulation. The boundary condition of bottom was fixed, 

and the top of the circular honeycomb was subjected to 𝜃.  

 

3. VALIDATION 

Finite element model has been validated by 

experimental and simulation model in the literatures to 

determine whether it was sufficient accurate [7]. 

The validation results of circular hollow tube under 

dynamic impact loading are presented by Zarei and 

Kröger’s. Three circular thin-walled tubes under  force of 

the empty circular tubes that compare between the FE 

result and experiment result [8]. It is achieved a good 

𝜃 

h 
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agreement and FE model has capability of simulating the 

numerical response of each tubes under dynamic impact 

loading were validated. Table 3 displays the energy 

absorption and the average crushing   dynamic impact. 

All the results are showing all differences are under 

acceptance variance which is not more than 5%.  

 

Table 2 Details of experimental models for validation. 

  Impactor     Geometry parameter  

  
Velocity,  

v (m/s) 

Mass, 

M (kg) 
  

Length, 

L (mm) 

Dia-

meter, d 

(mm) 

Thick-

ness, t 

(mm) 

Z1 6.6 104.5   180 40 2 

Z2 6.6 104.5  180 40 2.5 

Z3 10.7 91   180 50 3 

 

Table 3 Result of validation between experiment and FE 

models [16] 

    Experiment   FE     Error   

    
EA 

(J) 

Fm 

(kN) 
  

EA 

(J) 

Fm 

(kN) 
  

EA 

(%) 

Fm 

(%)  

Z1   2326 45.6   2238 43.46   3.783 4.693 

Z2  2260 42.3  2259 42.57  0.044 0.634 

Z3   5081 86.0   5127 86.49   0.897 0.567 

 

4. RESULTS AND DISCUSSION 

Figure 2 shows the force-displacement of circular 

honeycomb versus angle of loading. The performance of 

energy absorption (EA) and specific energy absorption 

(SEA) result of circular honeycomb subjected to angle 

loading (0° to 30°) is showed in Table 4.  

 

 
Figure 2 Force-displacement of circular honeycomb 

versus angle of loading. 

 

Table 4 Result of circular honeycomb versus angle of 

loading. 

  C06L0 C06L10 C06L20 C06L30 

EA (J) 118.1 80.4 45.5 30.5 

SEA 

(kJ/kg) 
17.8334 12.1456 6.8715 6.5661 

 

Figure 2 and Table 4 show the influence of angle 

loading on the EA and SEA. The increased of angle of 𝜃, 

the decreased of performance of crashworthiness. 

 

 

 

 

 

 

5. CONCLUSION 

This paper presented the circular honeycomb 

subjected to dynamic impact under oblique loading. The 

angle of loading, 𝜃 does affect the performance of FE 

model. Where by, every 10° increase in 𝜃, resulting a 

40% decrease in its EA, SEA compare to its previous 

stage. Meanwhile, the SEA of model seems stable 

between 20° and 30°. There are only 4.5% variances to 

each other. 
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ABSTRACT – This paper presents the optimization of 

process parameters used to synthesize graphene by using 

Taguchi method. The synthesis method used in this study 

was Chemical Deposition Method (CVD) whereas the 

source used is Oil Palm Fiber (OPF) and substrate used 

is copper. Nine arrays (L9) created based on three 

parameters to be analyzed. The response used are the 

intensity ratio of peak 2D against G (I2D/IG). The finding 

in this study concluded that the optimum parameters to 

grow graphene from OPF source are by using hydrogen 

gas at 1000℃ for 30 minutes. The error between the 

experimental and predicted value lies between 13 to 17%. 

 

1. INTRODUCTION 

A new class of material known as graphene has the 

potential to reduce friction and wear due to its high level 

of hardness and stiffness [1–3]. Several solutions have 

been created to reduce unwanted friction and wear in 

many applications, including the use of bearings, 

lubricants, additives, and modifier technology [3–10].  

Allotropes of carbon, especially activated carbon, 

graphite, graphene and carbon nanotubes, have been 

recorded as excellent anti-friction and wear materials 

[10–12]. 

There are several emerging methods to produce 

graphene, such as organic synthesis, chemically derived, 

unzipping carbon nano-tubes, mechanical exfoliation, 

and also deposition [4,9]. Thus far, deposition is the most 

practical method to produce graphene on a large scale as 

it is more easily controlled. Deposition methods, called 

chemical vapour deposition (CVD), can be divided into 

several categories: atmospheric pressure CVD 

(APCVD), low-pressure CVD (LPCVD), microwave 

plasma-assisted CVD (MPCVD), plasma-enhanced CVD 

(PECVD), and many more [4].  

CVD is a method whereby a chemical reaction is 

used to induce the deposition of a thin film. Transition 

metals such as nickel (Ni) and copper (Cu) act as a 

catalyst and substrate for the growth of graphene. 

Limited study has been carried out to investigate the 

potential graphene synthesis by using solid dource, 

especially on the waste products. Hence, this paper 

reports the findings on the optimum parameters for 

synthesizing graphene from solid waste products by 

using the CVD method. 

2. METHODOLOGY 

2.1 Design of Experiment (DOE) 

The experiment was designed by using Taguchi 

method. Three parameters to be tested (type of gas, 

growth temperature, growth time) at three levels. Nine 

arrays created based on the (3 parameters x 3 levels). The 

parameters and levels tested are shown in Table 1. The 

graphene was then synthesised based on the arrays 

created on Oil Palm Fiber (OPF) source. The response 

selected were the intensity of 2D against G peak (I2D/IG).  

 

Table 1 Parameters and levels of the study. 

Level 

Parameters 

Type of 

Gas 

Growth 

Temperature (ºC) 

Growth 

Time (min) 

1 Ar 950 30 

2 Ar + H 1000 60 

3 H 1020 90 

 

2.2 Synthesis process 

The schematic diagram of the CVD method was 

shown in Figure 1. The process involves pre-heat, 

annealing, growth, and cooling. The substrate used were 

copper with 96% purity. The source used was OPF.  

 

2.3 Analysis 

The CVD method may produce variety of type of 

carbon such as single layered graphene, multi layered 

graphene, graphite, single walled nanotube, multiwalled 

nanotube, etc. Raman spectroscopy analysis were used to 

determine the allotrope and type of the carbon of the 

coating. The I2D/IG from Raman spectroscopy analysis for 

all arrays were then tabulated into the arrays created by 

the Taguchi method and analysed. The coated surface 

was then analysed by using the Scanning Electron 

Microscope embedded with Electron Dispersed X-ray 

(SEM/EDX) to check the element contents on the 

surface.  

 

3. RESULTS AND DISCUSSION 

Table 2 shows the I2D/IG on Taguchi arrays with the 

analyzed S/N ratios. 

Figure 3 shows the optimum parameters obtained 

from the S/N ratio analysis. The optimum parameters to 

synthesize graphene OPF source are by using hydrogen 

gas at 1000℃ growth temperature for 30 minutes. 
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Confirmation test were conducted by comparing the 

theoretical value that obtained from the Analysis of 

Variance (ANOVA) with the experiment data. Table 3 

shows the comparison value where the error for the 

finding is 13.6%.  

 

 
Figure 1 Schematic diagram of CVD method. 

 

Table 2 Response (I2D/IG) and S/N ratios for OPF coating. 

Test 

Parameters 

 (I2D/IG) S/N ratio 
Type of Gas 

Growth 

Temperature (ºC) 

Growth Time 

(min) 

1 Ar 950 30 0.20774 -13.6496 

2 Ar 1000 60 0.49345 -6.13514 

3 Ar 1020 90 0.36744 -8.69627 

4 Ar + H 950 60 0.34321 -9.2888 

5 Ar + H 1000 90 0.46949 -6.56747 

6 Ar + H 1020 30 0.33977 -9.3763 

7 H 950 90 0.24863 -12.0889 

8 H 1000 30 0.88618 -1.04956 

9 H 1020 60 0.3469 -9.19591 

 

 
Figure 3 The optimum parameters to synthesize graphene from OPF source. 

 

Table 3 Comparison between theoretical and 

experimental finding. 

Variable  n 
Experimental 

value 

Predicted 

value 
Error % 

I2D/IG 9 0.88618 0.76533 13.6 

 

 

 

The SEM/EDX image shows there were distinct 

difference between the coated and uncoated surface. The 

uncoated surface contains machining line whereas the 

coated surface shows no machining line instead showing 

ripples for the coated surface. The EDX analysis shows 

that the content of carbon increased drastically. The SEM 

image and EDX analysis were shown in Figure 4 and 

Table 4, respectively. 

 

 

 

 

 

 

 

Gas Temperature Growth time 
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Figure 4 SEM image of (a) uncoated copper and  

(b) OPF coated. 

 

Table 4 EDX analysis for the uncoated copper and OPF 

coated surface. 

Sample 
Weight % 

Carbon Oxygen Copper 

Uncoated copper 2.49 0.79 96.72 

OPF coated 61.03 0.87 38.1 

 

4. CONCLUSION 

In this study, temperature played a crucial role in the 

growing of graphene by means of the CVD method. It 

can be concluded that the optimum parameters to grow 

graphene from OPF source are by using hydrogen gas at 

1000℃ for 30 minutes. 
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ABSTRACT – The study of development of 

computational model through reverse engineering is an 

effort to understand the reverse engineering process. 

The aim of this study is to differentiate the 3D model 

using conventional and scanning method. Two 

prototypes were created using existing car side mirror 

through conventional and 3D scanning drawing. The 

difference dimension and processes between the 3D 

model of CAD drawing and 3D scanner are observed. It 

can provide differences between two prototypes of side 

mirror through reverse engineering and existing 

product. From this study, it can be concluded that 3D 

scanning method is more appropriate as a method for 

reverse engineering. 

 

1. INTRODUCTION 

Reverse Engineering (RE) is the process of 

discovering the technological principles of a device, 

object or system through analysis of its structure, 

function and operation. It often involves taking 

something apart and analyzing its workings in detail to 

be used in maintenance or to try to make a new device 

or program that does the same thing without copying 

anything from the original [1]. As computer-aided 

design has become more popular, reverse engineering 

becomes a viable method to create a 3D virtual model of 

an existing physical part for use in 3D CAD, CAM, 

CAE and other software. The reverse engineering 

process involves measuring an object and then 

reconstructing it as a 3D model [2].  

Cheng and Jin [3] said that 3D laser scanning 

technology can measure 3D coordinates point on object 

surface. Therefore, it belongs to three-dimensional 

measurement technology. Compared with the traditional 

surveying method, laser scanning technology has 

superiority such as rapidity of data acquisition, great 

quantity of data and high accuracy as well as extensive 

application. Fisher [4] claimed that the goal of RE is to 

generate a CAD model from measured data of a 

physical model as a replica of the original one and pass 

the CAD model to CAE and CAM. In RE, significant 

differences can exist in the requirement of the design 

and expression of forms, due to the distinct 

characteristics of products and different source of input 

data. 

 

2. METHODOLOGY 

Project methodology involves the usage of reverse 

engineering, comparison of 3D scanning and 

conventional method. It is required to fabricate 2 rapid 

prototypes; these are from the same model of drawing at 

which practitioner should acquire the drawing through 

both methods. Starting with acquisition of drawing data, 

it should be done for both conventional drawing and 3D 

scanning method. For conventional method, it starts 

with the use of bending ruler for conventional 

measurement; it is then followed by the drawing sketch 

by using CATIA software and transfer into file format of 

STL for future prototype fabrication purpose. 

As for reverse engineering that requires the use of 

3D scanner, existing product was scanned with 3D 

scanner. During this process, it requires to use several 

software in order to completely acquire drawing data. 

After stages of conversion, final drawing was saved as 

STL file format, it is for the purpose of fabricating rapid 

prototype [5]. Next, it will be the comparison of 

drawing data and dimension of product for both 

processes [6]. 

 

3. RESULTS AND DISCUSSION 

Case study conducted was to perform comparison 

between data of CAD using conventional method and 

3D scanner. Figure 1 shows the result of drawing using 

conventional method. Dimension of side mirror is 

measured by using conventional method. Drawing 

shows dissimilarity compared to existing product, this is 

due to parts like screw hole is not being included in the 

sketches. However, is does not affects the study for it is 

concentrated on the external surface of the side mirror. 

During the construction of rapid prototyping for 

conventional methods, the build time takes 13 hours and 

46 minutes. Fabrication of prototype A can allow the 

chooses of several slice height, specification of slide 

height for conventional prototype A is 0.3302 mm, 

volume of model material used is 231.43 cm3 and 

support material is 109.41 cm3. As slide height is set to 
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be quite big, it turns out that surface of prototype 

produce is rougher, and prototype is shown in the Figure 

2. 

 

 
Figure 1 Drawing data from CATIA. 

 

 
Figure 2 Prototype A. 

 

Figure 3 shows the result model using 3D scanning 

method that was transferred into Insight software after 

being repaired by TransMagic software. As for 

prototype B, the build time is 34 hours and 21 minutes. 

 

 
Figure 3 Drawing in Insight program. 

 

During the fabrication of prototype B, 

specification of 2D scanner prototype slide height is 

measured 0.1778 mm, volume of model material 

consumes 141,47 cm3 and support material consumes 

142.57 cm3. Slide height setting is rather small on 

Prototype B, surface of prototype is smoother compares 

prototype A which shown in the Figure 4. White color 

indicates the model of prototype and brown color 

material provides support for prototype. Support used in 

the prototype has to be removed in order to obtain the 

real model for measurement. Removal process of 

support is done by immersing rapid prototype into 

chemical solution, support will then decay into the 

solution and process consumes a day for complete 

removal. 

 

4. CONCLUSION 

Results and discussion show that average 

percentage of difference of conventional method with 

product is 3.99% and difference of 3D scanning method 

is 1.33%. Therefore, study indicates a conclusive 

understanding that dimension of 3D scanning’s 

prototype is nearer to dimension of existing product. 

Presence of methodology used in 3D scanning method 

is more systematic compare to conventional method. 

Non-symmetry and curvature surface when drawing by 

applying with drawing skills is more complicated. 

Therefore, conventional method of drawing is hugely 

depending on personal drawing skills. Comparing with 

3D scanning methods, proper application of this method 

will provide higher success rate of fabrication on 

prototype. It can be conclusively said that 3D scanning 

method is more appropriate as a method for reverse 

engineering [5]. 

It can be concluded that 3D scanning is appropriate 

method for reverse engineering technique. This 

technique should be recommended to industry 

application and especially for work that requires design 

field. 3D scanning method requires the use of much 

software before fabrication of prototype can begin.  

 

 
Figure 4 Prototype B with support. 
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