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ABSTRACT - This paper investigates the effect of
surfactant on the surface integrity of stainless steel using
electrical discharge machining (EDM). The surfactants
Gam Arabic (GA) and PolyvinylPyrrolidone (PVP)
were mixed together with deionized water (DIW) and
carbon nanofiber (CNF) as the dielectric fluid by using
ultrasonic homogenizer equipment. The results show
that the effects of both surfactants towards the hardness
of machined surface were insignificant. However, by
using PVP surfactant, lowest recast layer thickness can
be obtained compared to dielectric fluid with GA
surfactant and without surfactant.

1. INTRODUCTION

Electrical discharge machining (EDM) has been
extensively used in the mould and dies industries. This
process is essentially a metal removal process that uses
electrical discharge to cause melting and vaporization of
materials from the workpiece [1]. Nowadays, many
researchers are interested to investigate the use of
powders in dielectric fluid to facilitate material removal
rate (MRR), reduce the electrode wear ratio (EWR) and
improve the surface integrity of the workpiece [2-4].
Commonly, for powder-mixed EDM, the conventional
electrodes are used with suspended powder particles in
the dielectric fluid to obtain improvement in the surface
of materials. These powder particles help to improve the
sparking efficiency during EDM process [5]. However,
agglomeration of powder still remains a problem in
powder-mixed EDM.

Some of the previous researchers suggested using
the surfactant to reduce the agglomeration of powder.
For example, Wu et al. investigated the influence of
surfactant on the characteristics of EDM process on
mold steel (SKD61). The results show that after the
addition of surfactant Span 20 (30 g/L) to the dielectric
fluid with proper working parameters, the conductivity
of dielectric was increased, thus increased the EDM
machining efficiency. Besides that, the surfactant could
improve the surface quality of workpiece quite
effectively by increasing the MRR and decreasing
EWR, especially in mid-finish machining and finish
machining [6]. However, up to date, the studies on the
effect of surfactant in powder-mixed EDM are still
scarce.

Therefore, this paper intends to investigate the
effect of different types of surfactants on the surface
integrity of AISI 304 stainless steel using EDM.
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2. EXPERIMENTAL METHODS
2.1 Machining conditions

Copper rod with 6 mm diameter was used as tool
electrode. Before the EDM of stainless steel, the tool
electrode tip was dressed by using grinding machine in
order to improve it accuracy. The electrode dressing was
also performed after each EDM cycle because the tip
electrode, especially the corner, will wear. The
workpiece material used in the experiment was AISI
304 stainless steel plate with dimension 40mm (width) x
50mm (length) x Smm (thickness).

The dielectric fluid used was deionized water,
which is very low cost dielectric fluid. In order to
prepare the mixed dielectric, the required amounts of
surfactants and deionized water were measured
separately before being mixed together and
homogenized in a mixer for 35 minutes using ultrasonic
homogenizer equipment. After that, CNF was added
into the mixture and being mixed together again for 1
hour. Surfactant was introduced into the mixture of
deionized water and CNF to ensure these fibers well
dispersed in the dielectric fluid. Gam Arabic (GA) and
PolyvinylPyrrolidone (PVP) were wused as the
surfactants in this study. Table 1 shows the weight ratio
of CNF with surfactant for specified volume of
deionized water. Table 2 illustrates the experimental
conditions in this study.

Table 1 Weight ratio of CNF with surfactant for 500ml
deionized water

Weight ratio of CNF Surfactant
surfactant : Carbon
nanofiber (CNF) ® ®
1:1 0.75 0.75
1:2 0.75 1.50
1:3 0.60 2.25

Table 2 Experimental conditions
Workpiece material AISI 304 stainless steel

Electrode material Copper
Polarity Negative (electrode)
Voltage 22V

Peak current S5A

Pulse on-time 80us

Pulse off-time 40us
Machining time 10 min
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2.2 Measurement and evaluation

Surface hardness of the workpiece was measured
using Vickers hardness testing. The hardness testing was
repeated for 3 times at different points in each sample.
After that, the recast layer thickness (RLT) was
measured using metallurgical microscope under a
magnification of 500X. The RLT was measured at 5
different locations for each cross-section specimen and
the average value was calculated.

3. RESULTS AND DISCUSSION
3.1 Surface hardness

Figure 1 illustrates the comparison of surface
hardness of workpiece when using different types of
dielectric fluids against the concentration of CNF to
surfactant (CNF: surfactant). It can be observed that the
addition of surfactants in dielectric fluid shows
insignificant effect against the hardness of workpiece
after EDM machining. This condition happened might
be due to the same cooling rate after machining process
and this may leads to the same hardness result. During
cooling process, the machined workpiece surfaces were
freeze and turn into martensitic structures. The addition
of surfactants only helps to improve the dispersion of
CNF in dielectric fluid, but not affects to the cooling
rate after machining process.
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Figure 1 Comp'eglfiwsbiﬁrof surface hardness when using
different types of dielectric fluid.

3.2 Recast layer

The variations of recast layer thickness with
different concentration of GA and PVP surfactants
added in dielectric fluid were illustrates in Figure 2. The
result shows that the recast layer thickness produced
when using dielectric fluid without surfactant was
13.03um. Meanwhile, PVP surfactant illustrates lower
recast layer thickness for all concentrations if compared
with the dielectric fluid with GA surfactant and
dielectric fluid without surfactant. This means that PVP
surfactant gave better result because the lower thickness
of recast layer will give less effect on the topography of
machined surfaces. It can be seen that recast layer
thickness is significantly influenced by the types of
surfactant. Besides that, GA surfactant with 1:2
(concentration of CNF to surfactant) has produced
highest recast layer thickness in turn resulted in high
surface  hardness. However, when using 1:1
concentration of CNF to GA surfactant in dielectric
fluid, the recast layer produced was 12.57um which is
lower than the one without surfactant. It can be
concluded that the concentration of CNF and surfactant
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also give effects on the characteristics of the recast
layer. This recast layer is the result of the re-
solidification of the melted material which did not
sweep away from the stainless steel surface by the
dielectric fluid during the EDM process.
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Figure 2 Variations of recast layer thickness with
different types of dielectric fluid.

4. CONCLUSION

In this study, the effect of different types of
surfactant on the surface integrity of AISI 304 stainless
steel using EDM was investigated. The results show that
by adding surfactants in dielectric fluid, the hardness of
machined surfaces was insignificant. Meanwhile, by
adding PVP surfactant in dielectric fluid, the recast layer
thickness decreased significantly compared to the one
using dielectric fluid with GA surfactant and without
surfactant.
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ABSTRACT - The nickel- fly ash (Ni-FA) composite
coatings were deposited on zincated aluminium alloy
7075 substrate by using electrodeposition technique.
The electrodeposition process was carried out for 1 hour
at 40°C under the current density of 1, 3, 6, 9 and 12
A/dm? in a modified nickel Watt’s bath containing FA
particles. The produced composite coatings were
characterized and tested using scanning electron
microscopy, microhardness and wear test. As current
density increase, the colonies like morphology of the
Ni-FA composite coating become larger and denser. The
co-deposited of FA particles also lead to significant
increase in hardness and wear resistance.

1. INTRODUCTION

Aluminium alloy 7075 (AA7075) which have high
strength-to-density ratio are widely used in marine,
automotive and aerospace industry. However, according
to Bocking and Reynolds [1] and Visser [2], it has low
hardness and wears resistance, as well as susceptible to
surface degradation when exposed to elevated
temperatures. Therefore, nickel composite coating is
introduced to AA7075 to improve its properties. Based
on Nguyen et al. [3] and Boonyongmaneerat et al. [4],
the composite coatings produced from the
electrodeposition process have excellent surface
properties, such as high hardness, high abrasion, high
corrosion resistance and low friction coefficient.

In this study, the fly ash (FA) particles are added to
the Ni watts bath solution. The FA can be employed as
inexpensive strengthening particles which can increase
wear resistance and enhanced micro-hardness and have
low density [5]. According to Rashidi and Amadeh [6],
current density plays an important role to the grain size
of the electrodeposited coatings. Grain size decrease due
to higher nucleation rate associated with higher current
density [7].

Hence, the effect of current density on Ni
composite coating deposited on AA7075 substrate are
still less known. Thus, the present work is aimed to
investigate the influence of various current densities for
electrodeposition of Ni- FA composite coating on
AAT0Q75 substrate.

2. METHODOLOGY

The aluminium alloy 7075 (AA7075) substrate
with dimension 40 mm x 30 mm x 3 mm were grind
using silicon carbide papers of 180, 600, 800 and 1200
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grit. The substrates were first cleaned with acetone, and
then followed by immersion in 10 wt. % of sodium
hydroxide (NaOH) solution for 10 seconds and
immersion in 50 vol. % of nitric acid (HNO3) for 20
seconds. The zincating process was carried out by
dipping the pre- cleaned substrate vertically in a small
glass beaker containing a zincating solution for 5
minutes at room temperature.

The chemical composition and operating condition
for electrodeposition of Nickel-Fly ash (Ni-FA)
composite coating on AA7075 substrate were
summarized in Table 1. The surface morphology of Ni-
FA composite coatings were examined by using SEM.
The sliding wear properties of the Ni-FA composite
coating were evaluated using pin-on-disk apparatus. The
micro-hardness testing was performed using micro
Vickers hardness tester.

Table 1: Composition of modified nickel Watt’s bath solution and its
operating condition

Composition Concentration (g/L)
Nickel sulphate hexahydrate 200

Nickel chloride 20

Boric Acid 30

Sodium citrate 30
Operating condition

Temperature (°C) 40
Deposition time (min) 60

Current density (A/dm?) 1,3,6,9,12
Composition of FA (g/L) 25

3.  RESULTS AND DISCUSSION

The SEM micro-graph images (Figure 1) showing
a colony like morphology, which consists of lot of
nickel grain crystal which having various sizes. At
current density 1 to 6 A/dm?, the micro-graph images
show the more compact structure. However, as current
density increase to 9 and 12 A/dm?, the structures start
to become larger and less compact. According to
Rashidi and Amadeh [6], the SEM images points that
the crystal shape convert from small to large crystal
shape, this is because the increasing current density
resulted the shape of crystal become larger and denser.

As current density increase, the micro-hardness of
the Ni-FA composite coating also increased (Figure 2).
Based on Yundong et al. [8], the increase in hardness
value due to the grain refinement effect by increased in
current density. According to C.N. Panagopoulos et al.
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[9], the presence of hard oxides such as SiO, and Al,O3 4. CONCLUSIONS
contained in the fly ash helps in particle strengthening From the experimental investigation given, the
which lead to increase in hardness value of the coating. influence of various current densities in the Ni-FA

composite coating has improved the properties as the
] current densities increased from 1 A/dm? to 12 A/dm*
In the following are the conclusions that can be made:
88+ As current density increased, the colonies like
i morphology become larger and denser.
24 The coefficient of friction of Ni-FA composite
. coatings exhibit lower value when compare to bare
AA7075. Thus, it indicates that Ni-FA composite
coating have better wear resistance.
e Micro-hardness of Ni-FA composite coatings show
that as current density increases, the hardness value
also increases.

Figure 1: SEM micrographs of Ni-FA composite coatings produced at
various current densities: (a) 1A/dm?, (b) 3A/dm?, (c) 6A/dm?, (d) REFERENCES
9A/dm2 and (e) 12A/dm?.
[1] Bocking, C. and A. Reynolds, Mechanism of

o0 ; . ; : i adhesion failure of anodized coatings on 7075

aluminium alloy. Transactions of the Institute of
B b Metal Finishing, 2011. 89 (6): p. 298-302.
ol . [2] Visser, P., Novel totally chrome free corrosion
1 | inhibiting coating technology for protection of
E pron | aluminium alloys. Transactions of the Institute of
g o Metal Finishing, 2011. 89 (6): p. 291-294.
E a0l . ¢ ] [3] Nguyen, V. H., Anh, T., Ngo, T., Pham, H. H., &
= Nguyen, N. P. (2013). Nickel composite plating
oo ; 1 with fly ash as inert particle. Transactions of
P i Nonferrous Metals Society of China, 23(8), 2348—
. ; ; . : 2353.
kol 3 B ¥ " [4] Boonyongmaneerat, Y., Saengkiettiyut, K.,
A Dy, ) Saenapitak, S., & Sangsuk, S. (2009). Surface &
Figure 2: Micro_hardness for Ni—'FA composite coatingg produced at Coatings Technology Effects of WC addition on
variouscurrent density of 3, 6.9, 12 A/dm structure and hardness of electrodeposited Ni — W.
EEEE——— Surface & Coatings Technology, 203(23), 3590—
07 8 3594.
[ . b ) ] [5] Paper, C., & Oguocha, 1. (2007). Effect of fly ash
I f @W*«HNWW \*IWV}M ] reinforcement on the corrosion behaviour of cast
g 95T ] Al-Mg alloy A535 in 3.5 wt.% NaCl solution,
£ oal ' ] (May).
5 [7] Rashidi, A. and Amadeh, A. (2008). The effect of
_g a3 . Bare Al | ] current density on the grain size of
5%§ s _'_;ﬁgmg i electrodeposited nanocrystalline nickel coatings.
° | 9 Addm2 ; Surface and Coatings Technology, 202(16), pp.37
S i [ 12 Algm2 1 72-3776.
ol ] [8] Yundong , Hui J, Weihua H, Hui T. (2008). Effects
D e e P of peak current density on the mechanical
Sliding Time (s) properties of nanocrystalline Ni—Co alloys
Figure 3: Coefficient of friction between bare Al with 1 A/dm?, 6 produced by pulse electrodeposition. Applied
A/dm?, 9 A/dm? and 12 A/dm? of Ni-FA composite coating surface science,254(208).
) ) [9] Panagopoulos, C. N., Georgiou, E. P., Tsopani, A.,
From the result, it shows that, as current density & Piperi, L. (2011). Applied Surface Science

increase there is not much difference between the

- > Composite Ni — Co — fly ash coatings on 5083
coefficient of friction (COF). Compare to bare Al, the

aluminium alloy. Applied Surface Science,

Ni-FA composite coatings exhibit better wear resistance. 257(11), 4769-4773.

This may due to the tribological oxide layer can act as a [10] Baghal ' S. M. L.. Sohi. M. H.. & Amadeh. A.
lubricant layer between contact surfaces and decreases (2012).’ Surface ’ & C’oatings’ Technology’ A
the friction coefficient based on Baghal et al. [10] functionally gradient nano-Ni — Co / SiC
previous works. composite coating on aluminum and its

tribological properties. Surface & Coatings
Technology, 206(19-20), 4032-4039.
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ABSTRACT - The effect of tapioca starch (TS) on swell
properties and dynamic mechanical properties of natural
rubber vulcanizates modified by tapioca starch was
investigated. The samples were prepared by melt
compounding via a Haake internal mixer. The tapioca
starch was varied from 0, 5, 10, 20, 40, and 60 phr in the
formulation. The crosslink density enhanced with the
increase of tapioca starch and represented by the
decrement in swelling percentage. In contrast, glass
transition temperatures (Ty) of the NR vulcanizates
decreased to -53.80°C as starch content increased from 0
to 60 phr. The improvement of damping properties was
shown by the decreased in tan delta (J).

1. INTRODUCTION

Recently, the use of fillers from organic nature has
been the object of interest due to their low cost and light
weight. Aside of being environmentally friendly in nature
the produced composites exhibit enhancement in the
mechanical properties [1-2]. Several cellulosic materials
such as nut shells, bamboo, ground wood waste, cereal
straw and white rice husk have been used as fillers for
plastics [3] and elastomers [4].

Starch is one biopolymer substances most widely
found in nature and mostly consists of amylose and
amylopectin. There are several works of reinforcing
elastomers with tapioca starch [4-6], but only a few
addressed the physical and thermal properties of the
unfilled vulcanizates. Thus, the aim of this study is to
study the effects of starch content on the swelling and
dynamic mechanical behaviour of NR vulcanizates. This
study is part of our research work to produce
biodegradable natural rubber based composites.

2. RESEARCH METHODOLOGY

2.1 Materials

Natural rubber (NR) with commercial trade name of
‘SMR20’ was purchased from Felda Global Ventures
Holdings Bhd (FGV). Natural rubber was masticated
with two-roll mill for about 10 min at 30 °C prior to
compounding. TS was used as compound modifier and
purchased from Polyscientific Enterprise Sdn Bhd. Other
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compounding ingredients such as sulfur, zinc oxide,
stearic acid, were purchased from Systerm Classic
Chemical Sdn. Bhd. Tetramethylthiuram disulfide
(Perkacit-TMTD) was purchased from Aldrich
Chemistry, while n-(1,3-dimenthyl)-n'-phenyl-p-
phenylenediamine (6PPD) was supplied by Flexys
America, USA. All compounding chemicals were used as
received without further purification steps.

2.2 Sample preparation

The NR was compounded using a Haake internal
mixer working at 60°C and a rotor speed of 60 rpm for 7
minutes per ASTM D-3192. The formulation recipes
used in the present study are shown in Table 1. Then, the
compounds were subsequently molded at 160°C and 150
kgf using a hot press model GT7014-A from GoTech.

Table 1 Formulation recipe used in the preparation
of the composites

Materials Compound (phr)?
Natural rubber 100
Zinc oxide 5.0
Stearic acid 2.0
TMTDP 1.0
6PPD° 1.0
Sulfur 2.5

Tapioca starch 5/10/20/40/60

*Parts per hundred
® Tetramethylthiuram disulfide
°(1,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine

2.3 Swelling measurement and crosslink density

Swelling measurement tests of the NR vulcanizates
at different starch loading were performed in accordance
with ISO 1817. The vulcanizates were immersed in
toluene for 24 hours before the toluene uptake was
calculated from the weight difference [7].

2.4 Dynamic mechanical analysis (DMA)

Thermal analysis was performed using a TA
Instruments DM A-7 apparatus under a nitrogen purge at
a frequency of 5 Hz and a heating rate of 2°C min-1.
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3. RESULTS AND DISCUSSION

3.1 Swelling and crosslink density

The interaction between percentage of swelling and
the crosslink density for NR vulcanizates is depicted in
Figure 1. High crosslink density of the chain networks
reduced the percentage of swelling [6, 8]. This is in good
agreement with the increasing Mu-M¢, value observed in
our previous work [2]. These criteria obstruct the
penetration of solvents since swelling only takes place
when the osmotic pressure exerted on the rubber blend
by the solvent is stronger than the cohesive forces
between the rubber molecules [8]. Hence, the osmotic
pressure exerted by the toluene reduces as the tapioca
starch increases in the NR vulcanizates.
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Figure 1 Correlation plot of NR vulcanizate’s cure
characteristics with tapioca starch loading

3.2 Dynamic mechanical behavior

Figure 2 shows the changes of Ty for NR
vulcanizates at the range of -53.10 °C to -53.80 °C as
starch content increased from 0 to 60 phr.

-53.80 °C

e NR-TS60
= NR-TS40
——— NR-TS20
= = NR-TS10
NR-TSS
NR-TSO

-53.10 °C i

-100 -50 0 50
Temperature (°C)

Figure 2 The Tan § of the NR vulcanizates at 5.0 Hz

versus temperature

100

The presence of tapioca starch hinders the relaxation
process hence, lowering the T, by enhancing the chain
mobility of the NR. It can be explained by the decrease
of curing rate with the increasing TS loading [2].
Furthermore, the presence of nearly single and sharp
peaks of the tan § indicates degree of miscibility between
TS and NR [9] which improved at TS loading higher than
20 phr. The reduction of Tan ¢ depicts improvement of
elastic response with TS loading.
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4. CONCLUSIONS

The presence of tapioca starch (TS) in NR promotes
the crosslink density but inferior to composite’s damping
properties which reflected by the decrement of Tan 6. It
assists the molecular motion of rubber chains and
facilitate the resilience of the composites under loading.
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ABSTRACT - Easily being absorbed by moist or water
is one of the main problems in existing composite sheet
for which a special treatment is needed to limit its
hygroscopicity and maximize its application. Biomass-
derived materials such as durian shell, bamboo,
sugarcane bagasse and kenaf are the perfect candidate to
produce composite sheet in replacing wood. Due to this
issue, alternative solution has been developed where the
waste from natural resources is used. Furthermore,
using agro-based materials can reduce the cost of
producing composite sheet while giving added value to
the waste. Therefore, this research investigates the effect
of blended polyethylene (PE) to durian shell composite
sheet surface through disintegration technique. Two
important analyses have been conducted which are
surface morphology analysis and water contact angle
analysis. The addition of polyethylene (PE) has
escalated the water resistance of the composite sheet
with a water contact angle of 102.00° which exceed 90°.

1. INTRODUCTION

Hydrophobic material is defined as material and
coating that obtained water contact angle larger than
90°. It can be achieved by increasing the roughness of
the surface and decreasing the surface energy coating
[1]. Hydrophobic and superhydrophobic materials own
special characteristics such as water proof, self-cleaning
and anticorrosion [2]. These unique features can be
applied as packaging container, self-cleaning glass, non-
wetting clothes, printing paper and business cards.

Durian shell is a new material selected in
composite sheet making due to its hard in shell texture.
This property will benefit in producing stronger
composite sheet in terms of its mechanical properties. In
order to avoid using wood that involves cost such as
keno and others, wastes such as paddy straw and sugar
cane bagasse can be utilized. Nowadays, modern
technology enables us to explore beyond the ordinary
and gives us the opportunity to turn durian shell wastes
into money-making valuable product.

However, natural fiber has high water content and
easily absorb moist from surrounding due to its
hygroscopy property. This situation has depressingly
affected the quality of the composite sheet. Thus, proper
treatments ought to be applied, for various and long-
term usage of composite sheet products.

Therefore, in this study, a water resistant
composite sheet surface was prepared by adding
polyethylene (PE) through disintegration technique. The
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addition of blended PE is believed would overcome the
issue of hygroscopicity and gives water repellence
properties to the composite sheet surface. The method
selected was modified from Nurul Izzati et al. [3] and
chosen based on the features of simplicity, cost
efficiency and non-toxicity. PE is used widely as a
coating agent against corrosion for steel pipe [4] and
cage fishing net [5].

2. METHODOLOGY
2.1 Sample preparation

Durian shells (Durio zibethinus Murray) were
obtained from local stalls in Melaka. They were chipped
into smaller size which was about 3 cm in length and
0.3 cm in thickness after being washed with dionized
water to get rid of unwanted constituents on their
surface. Next, the durian shell chips were dried at 50 °C
for 24 hours in drying oven to remove moisture.

2.2 Pulping

Pulping was carried out to remove lignin from
cellulose via soda pulping method. The process was
performed by using rotary digester machine. About 300
g of oven-dried of durian shell chips were pulped. The
process was carried out with 17 % active alkali, at 170
°C for 2 hours. The ratio of durian shell chips to
cooking liquor is 1:7.

2.3 Preparation of hydrophobic durian shell
composite sheet

Durian shell pulp was well disintegrated and
blended with low branched (LB) polyethylene in a
mechanical disintegrator at 10,000 rpm for 25 min. The
LB has 1.35 to 1.80 mm fibre length. It is white in
colour, powder form, with a melting point of 135 °C.
The ratio of durian shell pulp to PE was 7:3. The
blended pulp mixtures were then being compressed
using Paper Press machine with 16 cm of diameter in
circular shape. The wet handsheets then were oven-
dried for 30 min at 140 °C [3].

2.4 Characterization

Carl Zeiss of 1450VP model variable pressure
scanning electron microscope (SEM) was used to
observe the surface morphology of the samples while
FECA contact-angle meter was used to measure the
contact angle between the water and the surface of the
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durian shell composite sheet. A total of five samples
were measured for both analyses.

3.  RESULTS AND DISCUSSION

PE is found as one of the strongest and lightest
materials in the world that are suitable to be used in
natural fiber. In this technique, the low density grade of
PE is used because it is softer, good formability, more
flexible, and able to melt at lower temperature
compared to high density and linear low density grade
of PE [3].

3.1 Surface morphology

PE acts as synthetic fiber that contributed to the
hydrophobic properties. PE inhibited the ability of fluid
either liquid or gas to penetrate easily into the surface
structure of the composite sheet [3]. The surface
morphology image of the durian shell composite sheet is
shown in Figure 1. The figure shows the voids or pores
among and between the durian shell fibres linkages. It
also shows the melted area of the PE on the fibres
surface and the pores. It is clearly observed that PE
formed a layer of coating on the surface of the durian
shell composite sheet. It is actually filled in the
superficial pores, as shown in the figure. Though, there
are still voids detected on the surface of the composite
sheet. The PE was spread in the fibre linkages instead of
covering the surface of the composite sheet. By using
this disintegration technique, PE was present in between
of the fibres in a different mechanism of immersion
technique. The high content of PE has lessened the void
volumes in the sample. This finding was supported by
the research done by Heinrich [6] that PE is functioned
as a heat sealable fiber that can melt and seal the voids
within fibres.

- - 2

(i S === > S
Figure 1 SEM micrograph of durian shell composite
sheet surface

3.2 Water contact angle

Water contact angle is one of the important
analyses in measuring hydrophobic properties of
surface. Figure 2 shows the image of a water droplet on
the surface of the durian shell composite sheet sample.
The composite sheet was successfully achieved
hydrophobic stage with a water contact angle of
102.00°. The hydrophobicity was attained from the
production of crystalline properties from the PE.
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Figure 2 Water contact angle of durian shell composite
sheet surface

4. CONCLUSIONS

A hydrophobic surface of durian shell composite
sheet with a water contact angle 102.00° is successfully
produced through disintegration technique with
polyethylene (PE). This technique can be as one of other
alternative techniques for fabricating water-resistant
composite sheet. Besides, the additional of other
hydrophobic agent to polyethylene may increase the
stage of water repellency from hydrophobic to
superhydrophobic.
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ABSTRACT - One of the reasons in the development
of thin plate welding technology is to minimize the cost
and weight of the welds. This research aims to establish
the relationship between welding parameters and heat
input responses. A thin plate is welded using the low
energy arc welding (ColdArc) machine on the ASTM
A36 mild steel specimen. Effects of welding parameters
to the weld performance are evaluated. It was found that
output responses is related to the heat source,
deformation of welded joint and its physical properties.

1.0  INTRODUCTION

A new variation on conventional short-circuit arc
welding introduces changes to the electric current. The
course of the arc’s voltage in the ColdArc welding
method is identical to the traditional short-circuit arcs,
with only principle difference occurring in the course of
its electric current. During welding, temperature
variations in welds and parent metals have important
effects on material characteristics, residual stresses as
well as on dimensional and shape accuracy of welded
products. This is important for thin sheet metal products,
where control over welding distortions or deformations
is difficult.

Investigation on effects induced to the welded
structures for various applications of ColdArc has been
done. Novel welding processes with lower heat input,
based on pulsed welding arc, may effectively be used
for fabrication of sheet metal products, reducing the
problems related to the MIG process. The ColdArc
process is considered as a prospective welding process
when narrow fabrication tolerances and product quality
are the constraints. Improvement for the quality,
flexibility and productivity of the welding performance
and the process of automatization using welding robots
is important. Available information about welding
parameters of the ColdArc process is scanty, yet
essential for programming welding robots and creating
welding procedure specifications (WPS).

2.0 METHODOLOGY

The experiments were conducted according to the
information obtained from literature [1,2] using the
welding parameters given in [3]. The robot welding
used in this study was KUKA type KRC4 with the
system is equipped EWM ColdArc power source. One
specimen was used in welding of three welds with
different welding parameters.

Welding was conducted on ASTM A36 mild steel.
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The material of 1.0 mm thickness was welded on the lap
joint using a solid welding wire of diameter 1.0 mm
grades ER70S-6 mild steel.

Figure 1 Lap joint

2.1 Heat Input

Heat input (Q) is a relative measure of the energy
transferred per unit length of weld. It is an important
characteristic because, like preheat and interpass
temperature, it influences the cooling rate, which may
affect the mechanical properties and metallurgical
structure of the weld and the HAZ [4] .

a0
Q=VxIx—
v  kJ/mm (1)

3.0 RESULTS AND DISCUSSION

Table 1 outlines the preliminary experimental
result. Visual examination showed that unequal
curvature and angle of the welding joints occurred.
According to ISO 5817 of the standard for welding
quality, welded joints can be classified according to
uniform and regular joint.Figure 2 shows the results. In
some specimens (Figure 2 (a) — (e)) partial penetration
were observed. Lap joints welded with the same
welding feed rate and higher welding speed resulted in
surfaces pores.

Table 1 Preliminary experimental result

No. of Sample
No Parameter 1 2 3 4 5
Welding speed
1 (tn/min) 0.4 0.6 0.6 0.6 0.6
2 Ampere(A) 70 70 70 77 78
3 Voltage (v) 18.5 18.5 19 17 17
Wire speed
4 (t/min) 2.5 2.5 2.5 2.5 2.5
5 f’:)e flow time 015 015 0.1 0.1 0.1
6. i‘;s‘ flowtime 415 015 01 0.1 0.1
Visual ( result) X X v \/ X
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Figure 2 Visual Results

Figure 3 and 4 shows the relationship between
speed and heat input and current and voltage,
respectively. Heat input directly influences the
distortions and deformations of welded parts and in case
of thin sheet metal the optimal heat input is essential to

guarantee the joint penetration with minimum heat input.

Welding the mild steel with thickness of 0.5-1 mm, the
heat input was in the range of 0.130-0.133 kJ/mm. For
mild steel, further studies are to be conducted to
determine the heat input parameters. The results
obtained in this study correlate with the results obtained
in [5], where the ColdArc technology was adopted for
welding the similar metals. Excessive concavity was
noted, also it depends on the welding speed and current.
The ColdArc process proves to be suitable for welding
thin sheet metal with- out spatters. It is essential to
determine the right welding speed (speed range) to
guarantee low porosity and to minimize distortions in
the product. Using the above mentioned welding
method and welding speed in the 0.6 m/min for welding
mild steel proved to be the most appropriate. Further
increase of the welding speed will cause concavity of
the welded joint. This is the actual limit for further
increase of productivity by increasing welding speed.

Relation Ampere and Voltage

B0 19.5
78

19

18.5

18

17.5

Ampere
Voltage

16.5

70 70 70
70
- l l l
56 16
1 2 3
Sample

Figure 3 Ampere and voltage relationship

Relation Heat input and welding speed

0.6 0.6 0.6 0.5

0.194
o]
0.150 O\ 0131 0
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o
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o o o o
[T N - ]

Heat input.

Sample

Figure 4 Welding speed and heat input relationship

Increasing the pre-flow and post-flow time robot
welding to 0.15s can cause holes due to 0.1s greater
weld bead. The low-energy welding methods allow the
formation of lap joints of mild steel of Imm thick
characterized as high aesthetics, good mechanical and
plastic properties. Achieving high quality of welded
joints requires precise selection of welding parameters.
Due to the very narrow window of suitable parameters,
it is advisable to create a trial joint for a particular
material before the actual welding begins, in order to
validate the parameter settings and welding conditions.

4.0 CONCLUSIONS

Output responses are related to heat source,
deformation of welded joint, thermal and physical
properties. The study shown that these methods
successfully applied to welding ASTM A36 mild steel
of 1 mm thickness. Worth noting these methods allow
creating lap joints of thin sheets, even with 1mm
thickness, which was impossible using traditional
welding tools with consumable electrodes in gas
shielding, and MIG welding of such materials.
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ABSTRACT - The crystallization structure of porous
TCP scaffold was investigated in this study. Beta-
tricalcium phosphate scaffold was prepared using a
sacrificial template method and thermally-treated at
various sintering temperatures of 1400°C, 1450°C and
1500 °C. Morphological observation was conducted
using a Scanning Electron Microscope (SEM) that
revealed pore sizes in the range of 100 um to 300 um
and the pores were interconnected. As the sintering
temperature increased, less formation of voids were
observed in the struts. Maximum morphological
characteristics were observed at 1450°C, whilst beyond
this temperature the presence of cracks was observed on
the surface of the struts.

1. INTRODUCTION

Biomaterials have become progressively important
in tissue engineering field to treat extensive bone
defects, osteoporotic fractures, bone infections and bone
tumours. Among others, bioactive calcium phosphate
materials such as B-tricalcium phosphate (3-TCP) have
been extensively utilized as bone implants in bone
prostheses. Other than that, B-TCP is known to have
substantial biological affinity and activity, and hence
responds well to the physiological environments [1]. In
the sintering process, the two different forms of TCP
influence the morphological structure such as
densification and grain growth [2]. Sintering at high
temperatures will lead to the compaction and removal of
pores from the material [3]. The main characteristics in
the formation of porous scaffold for tissue engineering
are the pore size (in the range of 100pum to 300um) and
good connectivity to allow proliferation of the cell
growth as well as nutrient transportation can take place
during application. The fabrication of porous ceramic
scaffolds by using a template method is favourable due
to their capability of creating uniform dispersion of
ceramic powder inside the polymeric struts and at the
same time producing high porosity structure [4]. In this
study, the morphological characteristics of the B-TCP
scaffold were investigated by optimising their sintering
temperature.
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2. METHODOLOGY

The B-TCP scaffolds were prepared via a
sacrificial template method using polyurethane foam.
Calcium phosphate (Ca3(PO4)2) powder (Sigma Aldrich,
United Kingdom) was mixed in 2% of polyvinyl alcohol
aqueous solution (Merck, USA) at a powder to liquid
ratio of 5/5 (wt/vol) to obtain a well-dispersed slurry.
The 10 mm? scaffolds were produced by immersing the
foam in the TCP slurry [4]. The dried slurry-
impregnated foam specimens were subsequently
subjected to three different firing protocols with
maximum sintering temperatures of 1400 °C, 1450 °C
and 1500 °C. Morphological properties were analyzed
using a Scanning Electron Microscope SEM EVO 50
(Carl Zeiss, UK) at an accelerating voltage of 5kV.
Particle size analysis of the B-TCP powder was
performed using a particle size analyzer (Masterizer
2000, Malvern, UK).

3. RESULTS AND DISCUSSION

During the sintering process, the densification occurred
due to pore elimination and this was achieved via the
diffusion of matter through the grain boundaries
between particles. Three different ceramic sponges used
in this work exhibit a highly interconnected porous
structure with open pores having an average size
ranging from 150pm to 400pm. As shown in Figure
1(a), the B-TCP scaffold was not yet fully densified in
comparison to Figures 1(b) and 1(c). As the sintering
temperature increases, the struts surface appears to be
smoother with less voids being formed. However, as the
temperature increases to 1500°C, the formation of
cracks starts to be observed (Figure 1c). This crack
formation that occurred at the highest sintering
temperature suggests that the stress increases as the
temperature increases [6]. The B-TCP powder consists
of a normal distribution of particle size with dos of
4.41pm. This contributes to a good compaction of the
microstructure with less formation of voids during
sintering as small particles fill-up the voids created by
the large particles without expanding the overall system
volume [7].
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Figure 1. SEM images of porous TCP scaffolds at
sintering temperature (a) 1400°C; (b) 1450°C;
()1500°C

4. CONCLUSIONS

In conclusion, sacrificial template method has been
successfully adopted to produce porous scaffold with
pore size of 150um to 400um, which is within the
desirable biomaterial requirement. As the sintering
temperature increased, the surface of the scaffold struts
revealed denser formation and less voids formed. At a
maximum sintering temperature of 1500°C, crack starts
to form on the strut surface. This suggests that the
optimized sintering temperature to produce a porous
scaffold is at 1450°C, and thus, can be further used for
the next stage of the study.
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ABSTRACT - The workstation is riskiest area is
equipped with the different types and size of tool, and
material suite to the task. The kitchen is one of the riskiest
workstation area to cause slips and falls incident. During
the working period, the hazard comes from tools,
material, floor, shoes, human and also task that can
contribute to slips and falls accident. Because of such
reason, this study needs to analyse the main factors that
create hazards and potential to slips and falls. Forty
training for final semester student were involved in
Kitchen restaurant of Kristal Polytechnic Merlimau,
Melaka. The trainee is divide by task. The training group
experienced at least 1 year in kitchen workplace.
Findings from this study can help to reduce the risk
activity posture especially in the commercial kitchen.

1. INTRODUCTION

Slips and falls are an intriguing problem because
can harm to anybody, anytime and everywhere. The
workplace is a very hazardous area because employee
spent 8 hours to 12 hours at their workplace. Although
employees well train and provided with proper personal
protective equipment suitable to their task, accidents still
exist and sometimes increase yearly. Figure 1 shows the
number of accident cases in Malaysia is about 47962
cases accident cause from Person falling from the same
level are reported to SOCSO from year 2009 until 2014.
The slips and falls accidents which had increased from
year 2010 until year 2014 [1]. An increment of 5% is seen
from the year 2010-2013. Cases on slips and falls keep
on increasing from year to year.

Number Of Accidents According To Person falling
from the same level Cause Of Accident And Gender

6643 6665
5965 6070

5428 5296
320 285
I I I990 |769 |699 I832

2014 2013 2012 2011 2010 2009

B Male ®Female

Figure 1 Number of Accidents According to Cause of
Accident and Gender: Source (Annual report from
SOCSO)
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The workplace environment in the kitchen similarly
contributes to slips and falls accident because of factors
such as footwear, flooring, machine, lighting,
contaminant like water and oil are nearly connected to
slip and fall accident to employee. Figure 2 shows the
number of accidents in Accommodation and Food
Services Activities in Malaysia is about 12285 cases are
reported to SOCSO from year 2009 until 2014 [1].

Accommodation and Food Services
Activities

3 n <
m
2000 8 3 o 5 ® S

X — ; n
S o — = @ S
T 1,500
Q
<

(2]

s 1,000 2 S P 2 ® 0
5 wn wn wn < e
<2 500
€
p=}
= 0

2014 2013 2012 2011 2010 2009

Year
H Male Female

Figure 2 Number of Accidents According to
Accommodation and Food Services Activities:
Source (Annual report from SOCSO)

During working, active and longer pathways will
produce the most slip and fall problems [2], [3] and [4].
At the kitchen workstation, position standing is used for
the whole working day. Those utensil using in the kitchen
such as cookware set, wok set, and pan set and also lunch
or dinner plate is provided with different weight.

2. METHODOLOGY

The flow chart presented in Figure 3 for the process
of this study. This project is starting with identifying the
factor to contribute to slips and falls in the kitchen
worplace. During the cooking process activity, forty
trainer involves in four main departments such as
delivery or service, cooking, dish clothing and washing
utensils. A questionnaire survey was distributed amongst
the trainer and observation will be recorded using a
camera during kitchen activities.
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Identifying the main factor
contribute to slip and fall
incident
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Figure 3 Process flow chart

3.  RESULTS AND DISCUSSION

Figure 4, shows sign of slips and falls. From the
response, the majority of the respondents who have seen
the slips and falls signs are 82.5 % and 91.7 % of them
know about slips and falls signs. And 17.5 % of the
respondents have not seen the slips and falls signs similar
to 8.3 % of respondents who did not know about slips and
falls signs.

11 . Adekeh ands pemseh mefhat Rgjah 1 denRajah 2.
RGVE you sEen Frgure 1 ond Figurs 2.

|IRCER T 1

Rajsh{ Fgume 2
| Tidek No |

Figure 4 Slips and falls sign

Figure 5 shows the main factors that cause slips and
falls. Flooring is contributing 28.6 % to main factor of
slip and fall factor. Then footwear is the second lead to
slip and fall with 18.8 %. The environment is third source
that contributes to slip and fall by 13.3 %. Environment
means the working area is unsuitable environment such
as temperature and lighting level, there is some boxes or
apparatus that are not in proper arrangement and so on.
The fourth cause of slip and fall is cleaning with 12.9 %.
Cleaning means there are some liquid on the walking area
such as water, detergent or oily. People or human factor
contributes 9.4 % of the cause to slip and falls. The sixth
factor is obstacles which are 9.0 % of the respondent’s
vote for this factor. And 3.9 % of the respondent said that
our health is responsible to cause slip and fall problems.
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Pareto Chart of Cause of slips and falls
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Figure 5 Slips and falls factors

Table 1 presents the summary data from questionnaire
result. The working position can be categorized into 4
postures, which is 62% of the trainer use standing posture,
10% of trainer use bending posture, 20% of them use
walking and less than 8% using walking as their working
position. From the working posture, 68% of the trainers
are feeling discomfort during the working activity. It is
because most of the trainer is moving to surround the
workstation from one station to another station. However,
80% of the trainer respondents that their working posture
resulted in bad impact on safety and health personally.

Table 1 Questionnaire survey

Do you feel
comfortable when
in the workstation

Work position
during working

During the period of
work, have work station
give a negative impact on

the safety and health
1 0,
standing | 62% | voo | 320 Yes 80%
run 8%
bending | 10% o o
walking | 20% No 68% No 20%

4. CONCLUSIONS

Working environment is the main factors to cause
a hazard to employees. Hence, daily activity in the
working area will be easily to harm the employees and
potential to develop unbalance problems, especially
working with bad body posture for prolonged standing.
Everybody has their own abilities and limitations, if the
employee had an experienced with accident or health
condition problem will easily contribute to balance
problem. The combination of those factors will result in
slip and fall accident. Finally, those victims face
permanent serious injuries until fatalities. For future
work will focus on the effect of working posture to
human body towards slips and falls incident.
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ABSTRACT - Overall Equipment Effectiveness (OEE)
measures single equipment with respect to time, speed
and quality losses for monitoring purpose. However,
interrupted material flow between processes which
contributes lengthy lead time and waiting time are
neglected in OEE. Transportation as the connector of
processes is examined in term of its impact onto the
processes that it connects with. Relations between
transportation and the performance measures of
destination ~ processes could be  established.
Consequently, new mathematical model is proposed to
quantify the relation and causes exist within
transportation process. This ensures continuity of
production system with minimal transportation, waiting
time and shorter lead time.

1. INTRODUCTION

Overall Equipment Effectiveness (OEE) pursues
equipment to run all the time at ideal speed and produce
the amount not less than any other owners with same
equipment with good quality. However, relations
between processes is not established in OEE
implementation to engender a sense of joint
responsibility among all processes because the OEE
focuses on single equipment only. This is harmful for the
collaboration of operations and resources as there are
many invisible issues and uncertainties within production
system. The external issues include the unreliable
downstream capacity, unpredictable variation of raw
materials or work in progress in terms of delivery,
quantity and quality, as well as fluctuation of market and
customer demand [1]. They usually exist between
processes.

Similarity of the outcomes from problematic
production planning is the delay arrival of materials to
planned customer processes. Therefore, comparison of
demand with production amount is crucial from time to
time. Company could adjust their lot sizes and safety
stock level based on the demand and seasonal cycle of
that particular product [2]. Transportation serves as the
medium of connecting two consecutive processes should
be monitored and improved to ensure efficiency of the
material flow. Transportation could be measured and
evaluated by  Transportation Overall  Vehicle
Effectiveness (TOVE) from the perspective of vehicle
performance and operating availability [3][4]. Operations
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research and mathematical modelling approaches could
be applied in improving transportation performance.
Villarreal et al. [5] demonstrated the usage of
Transportation Overall Vehicles Effectiveness (TOVE),
which is a modification on OEE focusing on routing
operation. In short, mutual relations between machines
and the ways they interact with each other should be
emphasized to promote continuity of production with
minimal transportation level. This could be achieved via
quantification of transportation between processes with
concept of OEE.

2. METHODOLOGY

The main focus of this study is to reveal hidden
wastes especially on the transporting activities in terms
of waiting time, its impact on utilization rate and lead
time of material with respect to implementation of OEE.
Site observation is carried out in a production line which
consists of 5 processes so that its time data, equipment
number and material flow have been collected. They are
the basis in constructing simulation model which is then
simulated for 30 replications and one month timeframe.
Relation between operations of equipment with
transportation is established based on the simulation
result. A new mathematical model is proposed to monitor
and minimize hidden wastes like waiting time,
excessively running equipment due to ineffective
transportation and long lead time of materials staying in
production system.

3. RESULT AND DISCUSSION

Five consecutive processes studied in a selected
company which are denominated as Process A, B, C
through E in sequential order along with transportation
operation between any two consecutives processes. 5
Forklift is shared within production system for the
transporting purpose and 4 routes are required by forklift
to transport a complete set of WIP from supplier process
to customer process. The production system (Case A) is
simulated to examine total waiting time and their
utilization of resources at each process. Another scenario
is simulated again (Case B) where the transportation time
is halved as in Case A. Comparison is made between both
cases as shown in Table 1:
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Table 1 Waiting time and utilization rate at each process

Waiting time Utilization (%)
Process (Hour)
CaseA | CaseB | CaseA | Case B
A 849.47 | 623.36 66.53 63.75
B 340.87 | 235.09 51.08 4924
C 0.09 0.86 6.60 6.31
D 684.02 | 412.58 74.69 72.05
E 3976.06 | 3817.99 68.87 69.19
160.68 29.16 38.03
oraton 1828

From Table 1, improvement in transportation leads
to slight reduction of equipment utilization and huge
decline in waiting time. This is because equipment could
process more materials at once due to readiness of
materials and without over-processing in separate run. In
actual, both cases produce 27 sets of product by the end
of production system with variation of equipment
utilization. Besides, ineffective transportation could
contribute to lengthy lead time of material and this is
invisible or hidden under implementation of OEE. This is
proven by the simulation result as in Table 2 as below:

Table 2 Total time elapsed by entity at each process

Total time per entity
Process (Hour)
Case A Case B
A 29.27 26.26
B 22.36 21.09
C 1.00 1.01
D 31.21 27.17
E 172.58 163.87
Transportation 082 393
Total Lead 266.24 243.33
Time per Entity

Lead time data in Table 2 proves that effective
transportation lowers the utilization at each process and
less waiting time. Since the conventional OEE quantifies
only the performance of single equipment, the impact of
transportation on lead time of material in the production
system has been neglected. It is necessary to quantify the
hidden wastes by implementing OEE in transportation
process with modifications on its three elements as
shown below:

At = Total transport time/ Total service duration of
forklift €))]
Pr = Total transported unit/ Total capacity of service
vehicle 2)
Qr="Total transported good unit/ amount required in next
process 3)
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It is more proper to evaluate availability with
respect to the total service duration of forklift rather than
total calendar time available which promotes
maximization of transportation. This is because
transportation is one of the lean wastes. The waiting time,
loading and unloading time from forklift and breakdown
of forklift are then excluded from the service duration to
get the effective transportation time. On the other hand,
performance ratio measures transported unit over the
total size and capability of forklift whereas quality ratio
measures the ability of forklift to fulfill the amount
required by its destination process. Both of the
performance and quality ratio promote One Time in Full
(OTIF) without any excessive transportation to ensure
continuity of production.

4. CONCLUSIONS

The paper has justified the hidden wastes in
production system due to ineffective transportation
between processes. It increases waiting time of all
processes because of unavailability of materials to be
processed on time. Besides that, frequent transportation
leads to longer waiting time because the service vehicle
is not always available immediately. Excessive
utilization and long waiting time contribute to lengthy
lead time of material in production system. Therefore,
quantification of transportation using OEE concept has
been proposed to encourage the transportation of up to
capability of forklift in ensuring continuity of production.
Requirement for transportation can be reduced via
implementation of OEE and therefore reduce the waiting
time for arrival of forklift and lead time of material.
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ABSTRACT - Nowadays traffic problems with traffic
congestion and limited highway available, are major
concern among drivers. In order to overcome this
problem, a more compact vehicle is needed compare to
conventional vehicle that being used to ease driving
experience hence narrow track vehicle (NTV) is
developed. Chassis which is an integral part, act as a
structural backbone for any type of vehicle which main
function is to provide support to the vehicle and at the
same time protect the driver in the cockpit. It is often
expose to a dashing environment, hence different type
of force and load acting resulting in stress towards the
chassis. To ensure the safety of the driver, Finite
Element Analysis (FEA) is carried out on the chassis to
make sure the chassis does not fail on certain condition.
FEA done on this study are static, acceleration, braking
and cornering using CATIA V5 software which factor
safety will be obtained to ensure the safety of the
chassis.

INTRODUCTION

A chassis which supports a man-made object
consists of several parts. It is similar to an animal's
skeleton where a vehicle without a body is called a
chassis. Chassis is considered as backbone of a vehicle
thus it is an important feature. It is also one of the most
complex structures in vehicle. It provides attachment
points for all other major components and manages the
stress between them [1]. Chassis also plays an important
role in protecting the occupants when accidents happen,
where it could reduce the percentage of serious injury
[1]. Furthermore it acts as main mounting for other
components such as transmission, axel, wheel and etc.

Space frames manufacturing is cheap and damages
to the chassis itself can be easily repaired which only
requires simple tools [2]. The main benefits of space
frame chassis construction are the weight of the
structure is less compare to other types of chassis but
due to complex manufacturing process, space frame
chassis is selected only for high performance and niche
market vehicle [3].

The chassis design of this paper will be different
than convenient vehicle as the objective of the design is
to meet the narrow track vehicle specification. Narrow
track vehicle is a vehicle which specially designs to
meet certain criteria which is to maneuverer the vehicle
in a small space. The compact size of the vehicle
enhances the movement of the vehicle in a tight space
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which fully accommodates the purpose of it. Narrow
track vehicle is developed to combat against nowadays
traffic problem which is traffic congestion and limited
highway available. The chassis need to endure load
from the driver and other components to ensure the
safety of the vehicle. It also need to clarify whether
wheelbase of the vehicle affecting the safety of the
factor.

METHODOLOGY

The body tends to rotate on the exact axis as force
is exerting at a certain length from an axis. Chassis can
be seen as torsional spring as load exert on the
suspended wheel as shown in Figure 1. Torsional
loading can influence the handling and performance of
vehicle hence resulting in momentary elastic or
permanent plastic deformation. Stiffness is referred as
resistance to torsional deformation which calculated in
Nm/degree in SI units. It is important to note that
torsional rigidity play a big role in determining
performance of vehicle [4,5].

Direction of
forces

Clamps

Figure 1 Chassis design and analysis constraints

Major contributors for lateral bending which are
forces exert on chassis in result of centrifugal force due
to cornering. It is also found that wind produce a
significant effect on lateral bending. Lateral forces act
along the chassis is supported by the tire, axles, frames,
and diagonal hoops [6].

In this study, only the major components that are
placed inside the chassis are being considered. These
weight components are the weight of the engine and the
weight of the driver. The weight of the driver that being
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analyzed are 900 N, 1000 N and 1100 N, while weight
for engine that being analyzed are 3000 N, 4000 N, and
5000 N for all the 3 chassis. In order to obtain safety
factor, the maximum yield strength is divided to the
maximum Von Misses stress from the analysis or the
maximum allowable stress.

RESULT AND DISCUSSION

Figure 2 shows the Von Mises stress obtained from
static analysis of 1.3 m wheelbase with 900 N weight of
driver and 3000 N weight of engine which maximum
stress obtained was 112 MPa. Maximum stress obtained
was used as allowable stress while ultimate stress of
material is 250 MPa, which both will be used to
calculate safety factor. Safety factor is obtained by
dividing ultimate stress of material with allowable stress
which produces a value of 2.23. Table 1 summarize the
results from the analysis. The Von Misses stress
obtained from acceleration analysis with 1100 N weight
of driver and 5000 N weight of engine which maximum
stress obtained was 186 MPa. The same method of
calculation for safety factor produces value of 1.34.

Von Mises stress {nodal values).1
Nom?

Tdlpe(ii7

A ARe+O0T

Sada+007

S.19#+007

445e+007

F 71007

p 287a+007

2.2304007

1 dBe+00T

l 7430+ 004

486e+003

On Boundary

Figure 2 Stress analysis of NTV

Table 1 Cornering analysis results

Driver Engine Total Max Von Safety
weight weight weight Mises factor
(\) N) (Driver + (N/m?)
Engine)
™)
900 3000 3900 1.12 x 108 2.23
4000 4900 1.49 x 108 1.67
5000 5900 1.85 x 108 1.35
1000 3000 4000 1.12 x 108 2.23
4000 5000 1.49 x 108 1.68
5000 6000 1.85 x 108 1.35
1100 3000 4100 1.12 x 108 223
4000 5100 1.49 x 108 1.67
5000 6100 1.86 x 108 1.34
CONCLUSION

In conclusion, the design and analysis of NTV
chassis are performed. The design is based on 1.3 m
wheel base size and 1.0 m track size. The cornering
analysis both involve the acting of inertia upon the
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chassis which backward direction for acceleration and
sideway direction for cornering analysis. This inertia
will affect the outcome of the force acted on the chassis.
Base on the research done the chassis that had been
modelled are safe to use as all of them had safety factor
of more than 1.3.
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ABSTRACT - This paper presents the design selection
and improvement of human powered vehicle (HPV).
Three components designs of HPV’s are analyzed using
CATIA V5 software which are chassis, suspension and
hub. The load applied to the chassis is obtained from the
weight of driver, the load applied to the suspension is
obtained from the total weight of driver and chassis and
the load applied to the hub is obtained from total weight
of driver, chassis and suspensions. The analysis of these
parts produces stress distribution and factor of safety.
The HPYV that have favorable factor of safety is selected
for further improvement.

1. INTRODUCTION

Human Powered Vehicles (HPV) is created to
provide people vehicle which is more eco-friendly and
energy efficient. HPV can be divided into five sub
system. There is chassis, brake, power train, steering
and wheels. When design and modeling of HPV, the
first thing to do is design the frame or chassis of the
vehicle [1]. Human powered vehicle (HPV) is one of the
technologies that has been developed and if well
designed can be popularized as viable form of
sustainable transportation and green technology [1]. In
order to build a HPV, there are important components
that must be considered. It is chassis, suspension and
hub. Chassis is the frame structure of a vehicle [2, 3].
Suspension is the component to provide comfort to
driver and a hub is component that centrally located on
a wheel. In order to select the chassis design of HPV for
improvement, important thing to be considered is safety
factor. Safety factor is used to know whether the design
structure is safe or not [4].

In this paper, the methodology of this project will
be explained in detail about the research methods
performed in order to produce an excellent result.
Initially, three design of HPV is selected randomly. All
the design was undergo several analyses on certain part
which is chassis, suspension and hub. The type of
analysis used is static analysis [5, 6]. The best design of
HPYV is selected based on the lowest score in weighted
decision matrix.

2. METHODOLOGY

Design analysis is a method to analyze
components for safety reason. There are three
components of the HPV are analyzed, the chassis,
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suspension and hub. The analysis used for this stage is
static analysis where the HPV is not moved. First
analysis is the load from a driver to the chassis. Load of
the driver is the weight of driver due to gravity. The
load from the driver is a static loading. A static loading
analysis is calculated while ignoring inertia and
damping effects, such as those caused by time-varying
loads. Analysis is done when the driver sits on bicycle
and not moving. The mass of driver for every HPV is
assumed to be 100 kg. Since the weight is to be evenly
distributed to the seat, the support for the seat will
receive 981 N of load.

Design selection was done to select which HPV is
most suitable to make improvement to its chassis. HPV
is selected by calculate its total factor of safety of
several part which is chassis, suspension and hub. FEA
from CATIA software is used to analyze all the parts of
HPV. HPV is selected by the score from factor of safety
for each part of HPV. Eqn (1), Eqn (2) and Eqn (3) are
used to calculate the score where Fy is the factor of
safety for i-number of chassis, Fi,; is the factor of safety
for i-number of suspension, and Fg, is the factor of
safety for i-number of hub. HPV that has lowest score is
selected as the best design.

Chassis score, S = (Fici/ Y Fiei) (1)
Suspension score, Sy = (Fisi/ Y. Fisi) 2)
Hub score, Si = (Fyni/ Y Fshi) 3)
3. RESULTS AND DISCUSSION

Figure 1, 2 and 3 show the sample results from
analysis of chassis for all three designs. The value of
maximum stress in red in color is used to calculate
factor of safety (Table 1) for every part of HPV where
the factor of safety is the ratio of material yield strength
to the maximum stress. HPV with lowest score is
selected (Table 2).
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Figure 2 Stress analysis of HPV 2
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Figure 3 Stress analysis of HPV 3

Table 1 Factor of safety of HPV

Design HPV1 HPV 2 HPV 3
F. 13 28 16
Fy 0.0372 0.0690 0.3771
Fyp 98.43 90.25 103.06
Table 2 Total score of HPV
Score HPV 1 HPV 2 HPV 3
Se 0.2281 0.4912 0.2807
S 0.0770 0.1428 0.7803
Sh 0.2928 0.3519 0.3553
Total Score 0.60 0.99 1.42
4. CONCLUSION

Three number of HPVs designs are randomly
selected and undergone stress analysis for their chassis,
suspension and hub. The design selection of the HPV is
based on the weighted decision matrix score from safety
factor of the chassis, suspension and hub. HPV 1 has
been selected for further improvement due to the lowest
score overall.
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