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ABSTRACT

DESIGN AND FABRICATION OF A LIGHTWEIGHT DRY CLUTCH DISC FOR A
MINI FARMING TRACTOR

(Keywords: carbon clutch disc, finite element analysis).

In this research, the design of carbon composite clutch facing for the use of mini
agricultural tractor dry clutch disc is presented. The main factor that needs to be
considered in order to design a clutch disc facing is the torque produced by the
engine. An optimum clutch facing disc should have minimum in weight, simple to
manufacture and high reliability. Finite element analysis is conducted to determine
the maximum stress the designed clutch disc facing before the fabrication take place.
The design carbon facing is then fabricated by using Computer Numerical Controlled
(CNC) 5-axis milling machine. The completed design will then used for
experimental analysis to determine its reliability and durability.
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CHAPTER 1

INTRODUCTION

1.1  Background

In this research, a clutch friction disc material for dry clutch of a mini farming

tractor will be designed and fabricated.

A clutch is a mechanical device, by convention understood to be rotating,
which provides driving force to another mechanism when required, typically by
connecting the driven mechanism to the driving mechanism. The name of clucth has

become established due to its meaning of grasp or grip tight.

Clutches are useful in devices that have two rotating shafts. In these devices,
one shaft is typically attached to a motor or other power unit (the driving member),
and the other shaft (the driven member) provides output power for work to be done.
The clutch connects the two shafts so that they can either be locked together and spin
at the same speed (engaged), or be decoupled and spin at different speeds

(disengaged).

Dry clutch are widely used on large trucks and heavy industrial units. The
main advantages of dry clutch is its large contact area and the main components of a

dry disc clutch are pressure plate and the disc.
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1.2  Objectives
The objectives of this project are:

1. To design a lightweight dry clutch disc for a mini farming tractor by using
CAD software (CATIA).

2. To do finite element analysis of the design by using FEA software
(ANSYS VERSION 12.1).

3. To fabricate the completed designed of the lightweight clutch disc friction

material.

1.3  Scopes
The scopes of study for this project are:
1. Design the clutch disc for a mini farming tractor.
2. Analysis (static and linear) on the designed clutch disc.
3. Produce engineering drawing of the clutch disc.

4. Fabricate the lightweight clutch disc friction material

1.4 Problem Statement

Agriculture is the third largest economy in Malaysia. Hence, tractors have
been used extensively like in paddy field, and palm oil estates to work like plugging,

seeding and harvesting.
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A lightweight disc clutch is an essential part for a mini farming tractor. The lighter
the overall weight, the higher the fuel efficiency will be. Apart from that, the light
clutch enables the manoeuvre without the feel of high contact pressure, it is driver
friendly. In addition, by reducing weight can enable the reduction of fuel

consumption and can enhance the performance of the tractor.

There are not many references that can be obtained pertaining to methods
need to be employed-in order to design a proper tractor clutch disc. The resources are
very limited. Therefore, a reverse engineering process need to be undergone in order
to acquire know how knowledge of designing clutch disc. In this project,
benchmarking will be made against a real model of clutch disc that is available in
market. Therefore, by embarking into this project, the methods to design a clutch
disc can be acquired. The drawings of the clutch disc will be done by using CATIA
V5 software. Once the designed have been completed, the engineering analysis will
be conducted. Finite Element Analysis (ANSYS V12.1) software that is available in
the faculty will be fully utilized for this project. After the analysis is accomplished,
the next step of the research will be embarked. The fabrication of the design clutch
disc friction material will be done by using Computer Numerically Control (CNC)

machine.

(©) Universiti Teknikal Malaysia Melaka



CHAPTER 2

LITERATURE REVIEW

2.1  History of Tractor

The first known tractor was introduced in 1868. The tractor used steam as it
power. The most popular steam tractor was the Garrett 4CD. It was Charter Gasoline
Engine Company that had introduced gasoline powered tractor back in as early as
1887. The company adapted its engine to a Rumley steam-traction-engine chassis,
and in 1889 produced six of the machine to become one of the first working gasoline

traction engines (Ralph W. Sanders, 1999).

Apart from Charter’s tractor, there were few other gasoline powered tractor
were introduced in 1880s. For an instance, a tresher named John Froelich used
gasoline powered tractor for threshing work. Froelich used the machine succesfully
to power a threshing machine by belt during his 52 days harvest season of 1892 in
South Dakota. The Froelich tractor, forerunner of the later Waterloo Boy tractor, is
considered by many to be the first succesful gasoline tractor known. Froelich’s
machine fathered a long line of stationary gasoline engines and, eventually, the

famous John Deere two cylinder tractors.
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The famous automotive industrialist, Sir Henry Ford produced his first
emperimental gasoline tractor in 1907. The command to produce the tractor came
under the direction of chief engineer Joseph Galamb. It was referred to as an

“automobile plow”. After 1910 and onward, petrol powered tractos were used

entensively in farming (Dean Stanley, 2001).

2.1.1 General Ideé on Farming Tractor

A tractor is a device intended for drawing, towing or pulling something which
cannot propel itself and, often, powering it too. The word is commonly used to
describe a vehicle intended for such a task on some other vehicle. Generally, tractor
is used as a replacement for animal in farming industry. The classic farm tractor is a
simple open vehicle with to very large driving wheels on an axle below and slightly
behind a single seat and the engines in front of the driver with two steerable wheels
below the engine compartment. This basic design has remain unchanged for a
number of years, but now enclosed cabs are available for many models of farm
tactor. Modern farm tractors range in size from 18 to 500 horsepower (15 to 400
kW). Tractors can be generally classified as two wheel drive, two wheel drive with
front wheel assist, or four wheel drive (with articulated steering). In western region,

most farmers change from horse to tractor by the end of the World War II.

Modern farm tractors are classed in three groups: general-purpose (land
utility) tractors, universal-row-crop (row-crop utility) tractors, and special purpose
tractors. Land utility tractors are used for major farm operations common to the
cultivation of most crops, such as tillage, discing, general cultivation, harrowing,
sowing and harvesting. The tractors are also characterized by a low ground
clearance, increased engine power and good traction. Universal-row-crop tractors
are intended for row-crop work, as well as for many other fields task. Some row-crop
utility tractors are provided with replaceable driving wheels of different tread widths-
wide for general farm and narrow for row-crop work. In order not to damage plants,
the tractors have a high ground clearance a wide wheel track that can be adjusted to
suit the particular inter-row distance. Special-purpose tractors are modification of

standard land or row-crop utility tractor models and are used for definite jobs, for

(©) Universiti Teknikal Malaysia Melaka



example in cotton fields or for various jobs under certain condition, for example on

marshy soils or hillsides.

2.1.2 Importance of Farm Tractor

The farm tractor is used for pulling agricultural machinery or trailers, for
ploughing, harrowing and similar tasks. Farmers found that tractor can save time and
can be used for a combination of operation rather than a single task in a complex
chain of process. In Malaysia, tractor mostly used in paddy and palm oil farm to do
works like plugging, seeding and harvesting. However, the used of tractor are
widening to land clearing, slashing grass and collecting grass clippings, leave and
twig. Farming tractor generally used diesel engine to propel the wheels. The main
reason is although the initial cost of diesel engine is higher, but it is often offset by
the amount of fuel cost that can be saved. In short, usage of diesel tractors is more
cost effective than gasoline engine tractor. This is due to the higher effeciency of
diesel engine which results in lowering fuel consumption. Moreover, diesel engine
always operates at lean fuel mixture. It also have better in term of torque capacity

which is good for rough work and uneven terrain.

22 CLUTCH

Clutches are useful in devices that have two rotating shafts. In these devices,
one shaft is typically attached to a motor or other power unit (the driving member),
and the other shaft (the driven member) provides output power for work to be done.
The clutch connects the two shafts so that they can either be locked together and spin
at the same speed (engaged), or be decoupled and spin at different speeds
(disengaged). A clutch can be defined as a mechanical device, by convention
understood to be rotating, which provides driving force to another mechanism when
required, typically by connecting the driven mechanism to the driving mechanism.

The name of clutch has become established due to its meaning of grasp or grip tight.
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Clutch disc can be either dry or wet. Dry here means the clutch operates in
dry condition. The clutch facing of dry running clutches are the force closure
couplings (Czel et al.,2009). On the other hand, wet here means, the clutch operates
in oil bath or spray. Dry clutch are widely used on large trucks and heavy industrial
units. The main advantages of dry clutch are its large contact area and the main

components of a dry disc clutch are pressure plate and the disc (Hillier & Coobes,

2004).

According to Sfarni et al. (2009), an optimum clutch system is a system where it

gives more power transmission, high comfort, highly effective, and low cost in

design

2.2.1 Disc Clutch

Disc clutch can be either dry or wet. Dry here means the clutch operates in
dry condition. On the other hand, wet here means, the clutch operates in oil bath or
spray. Dry clutch are widely used on large trucks and heavy industrial units. The
main advantage is it large contact area. However, dry clutch are not recommended to
be used in condition where frequent disengaging or slipping is required due to the
heat build up (Donald et al. 1974). Wet clutch are actuated either mechanically or
hydraulically. Operation in oil reduces wear and provides cooler operation. The
major difference between the dry and the wet clutch is that the disc facing material.
In a wet clutch, this material must grip when soaked in oil. The two main

components of the dry clutch are pressure plate and the disc clutch.
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Clutch fac

Figure 2.1 Clutch disc components

The clutch disc may be rigid or flexible. A rigid clutch disc is a solid circular
disc fastened directly to the center hub. On the other hand, flexible disc has torsion
dampener springs around the hub. When the clutch is engaged, the dampener springs
flex and allow the clutch disc to twist slightly in its shaft. Twisting absorbs some of
the sudden power impulses from the engine when the clutch is engaged and reduces
shocks loads on the transmission. The facing of the clutch disc is usually made of

asbestos woven wire material.

Asbestos is nearly an ideal friction material for brake lining and clutch facing
because it has a very good coefficient of friction, exellent heat characteristics, and
low cost (Thomas Birch, 1999). However, it has the possibility to cause cancer from
inhaling its fibers. Due to this, the use of asbestos has been decreased significantly.
Asbestos has been replaced with fiberglass and aramid nonmetallic compounds and
metallic friction facings using various mixtures of powdered iron, copper, graphite,

and ceramics to obtain the desired friction and wear characteristics.

Some clutches use a ceramic material of clay and metal. Frequently a
composite metallic friction material or a cellular paper material is used. These
materials have good durability and friction capacity in oil. However, ceramics have
several disadvantages. Firstly, it is difficult to be manufactured and secondly is

ceramics can cause the mated pairs to wear excessively.
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The pressure plate provides the means of engaging the clutch disc. A typical
pressure plate assembly has a clutch plate, bracket, release levers, and working
springs (Donald etc al. 1974). The heavy plate engages the clutch by pressing the
disc against the flywheel surface. The bracket is bolted directly to the flywheel and
support the release levers and springs. The levers pivot in bosses on the plate. When
the levers are depressed by the release bearing, the plate is pulled away from the
clutch disc. When the clutch pedal is released, the compressed clutch springs force
the pressure plate hol-ds the facing of the clutch disc against the machined surfaces of
the flywheel. Because the clutch disc is splined to the transmission input shaft, power

is transmitted to the transmission.

2.3 THERMAL BEHAVIOR OF AUTOMOTIVE FRICTION CLUTCH

Numerous researched on friction clutch especially regarding thermal capacity
of the system have been studied for years now by researches in multiple fields. The
automotive clutches generate heat from the rubbed surface due to power dissipation
by frictional slip between flywheel and clutch disc and between the clutch disc and
pressure plate (Lee & Cho, 2006). When the member of a machine are initially at rest
are brought up to speed, slipping must occur in the clutch until the driven members
have the same speed as the driver. Kinetic energy is absorbed during slippage of a
clutch, and this energy appears as heat. Temperature rise occurs when heat is
generated faster than it is dissipated (Shingley, 2003). The generated heat has a
considerable influence on the efficiency of the clutch and it is important to keep the
clutch under some critical temperature ranges. Otherwise, the overheated clutch
could fail or work at very low efficiency. Therefore, assessment of the clutch thermal

capacity is essential especially in the early stage of its design (Lee & Cho, 2006).

However, due to the rush towards higher performances has increased sliding
operative speeds of clutches and other sliding system (Afferante et al., 2003).
Increase of sliding speed resulted in the increse of frictional heat generated during
clutch engagement. Excessive frictional heat may create thermal distortion and
deformation on the clutch disc contact surface. Thermal distortions of friction disc
caused by frictional heating modify pressure distribution on friction surface. Pressure

distributions, in turn, determine distribution of generated frictional -heat. These
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interdependencies create a complex thermoelastic system that, under some condition,
may become unstable and may lead to severe pressure concentrations with very high
local temperature and stress. This phenomenon is responsible for many common

thermal failure modes of friction elements and is known as frictionally excited

thermoelastic instability (Zagrodzki & Fams, 1998).
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CHAPTER 3

RESEARCH APPROACH

3.1 DESIGNING THE CLUTCH DISC

In designing the clutch disc, the following criteria need to be considered:

i.  Sizing

ii.  Material selection
ii.  Configuration
iv.  Overall sizing

v.  Disc plate

The first two criteria are very important parameters needed in order to design

a clutch disc. Apart from that, assumption that need to be undertaken are:

i.  Complete contact of the clutch disc

ii.  The pressure due to the contact is uniform.

According to Shingley, Mischeke, Budynas (2003), the factors that determine
the amount of the torque a clutch can transmit are: friction area, nature of the friction
surace, diameter of friction surface, and amount of pressure which holds the surfaces
together. Generally, the greater the friction area and diameter of the surfaces, the

greater the torque capacity of the clutch.
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Apart from that, an increase or decrease in the pressure which holds the
friction surfaces together results in an increase or decrease in torque capacity of
clutch. Besides that, the type and condition of friction surfaces also affect the clutch
torque capacity. As an example, a glazed, smooth facing will be reduces the amount

of torque that a clutch can transmit. Figure 3.1 shows the clutch geometry.

Figure 3.1: Clutch Design Geometry
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3.1.1 Determining the Clucth Disc Diameter and the Value of Axial Force

To calculate for torque that the clutch can transmit, the formula below is

used:

Friction surface

Figure 3.2 Radius of the Clutch

T= TPmaxTi f(rg- rlz)N

Where:
T = torque transmitted, Nm
Pmax = maximum pressure applied onto the clutch, Pa
f = coefficient of friction (depends on material used)
s = outer radius, m
T = inner radius, m
N = number of friction surface

To calculate for the axial force, the formula below is used:
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p i
F,= 2 PmaxDi(Do- D )

Where:

D; = inner diameter of the clutch, m
D, = outer diameter of the clutch, m

3.2 MATERIAL SELECTION

The availability of asbestos in automobile components like clutches, brakes and
gasket may bring potential health risk to the automotive mechanics (Kakooei &
Marioryad, 2008). Therefore, there is a need to replace the material used in the

present automotive clutches to alternative material which has no potential threat to

human health.

3.2.1 Carbon-carbon Composite

Carbon composite clutch disc is one of the alternatives to asbestos woven
clutch. Carbon composite materials are used extensively in high performance racing
cars especially in Formula 1 (Savage, 2010). It was first used in aircraft industries
back in 1970s. (Stadler,2008). Apart from light in weight, carbon-composite
materials have high melting temperature, low density, high thermal conductivity and
shock resistance, low thermal expansion, and high elastic moduli. These criteria is
suitable for structural application in extreme temperature surroundings (Zhao,2008).
Testing of clutch facing materials had been successfully by previous researchers

(Angulo et al., 2008).

3.2.2 Properties of Carbon-carbon Composite

Carbon-carbon composites have the capability of stuctural integrity at
temperature above 1000 °C. Compared to the other composite materials, carbon-

carbon composite has a very high thermal and elecrical conductivity which are 12-15
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times higher in the fiber direction than perpendicular to the fiber (John & Dan,
1993). The mechanical properties are much superior to those conventional graphite.
In particular three-dimensional, carbon-carbon composite can be tailored to

withstand damage and minimum delamination crack growth under inter laminar

shearing.

Table 3.1: Properties of Carbon-carbon Composite

* Density 1.70 x 103 kg/m~3
Young’s Modulus 95 Gpa
Poisson’s Ratio 0.32
Tensile Strength 83 Mpa
Thermal Conductivity 31 W/mK

3.3  FINITE ELEMENT ANALYSIS

The finite element analysis (FEA) is a numerical technique for finding
approximate solutions of partial differential equations (PDE) as well as of integral
equations. The solution approach is based either on eliminating the differential
equation completely (steady state problems), or rendering the PDE into an
approximating system of ordinary differential equations, which are then numerically

integrated using standard techniques.

Finite Element Analysis (FEA) consists of a computer model of a material or
design that is stressed and analyzed for specific results. It is used in new product
design, and existing product refinement. It’s a powerful engineering tool that can
solve many kinds of engineering problems to as high a degree of precision as

necessary.

A variety of specializations under the umbrella of the mechanical engineering
discipline such as aeronautical, biomechanical, and automotive industries commonly
use integrated FEA in design and development of their products. Several modern

FEA packages include specific components such as thermal, electromagnetic, fluid,
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and structural working environments. In a structural simulation, FEA helps
tremendously in producing stiffness and strength visualizations and also in

minimizing weight, materials, and costs.

FEA allows detailed visualization of where structures bend or twist, and
indicates the distribution of stresses and displacements. FEA software provides a
wide range of simulation options for controlling the complexity of both modeling
and analysis of a system. Similarly, the desired level of accuracy required and
associated computational time requirements can be managed simultaneously to
address most engineering applications. FEA allows entire designs to be constructed,

refined, and optimized before the design is manufactured.

This powerful design tool has significantly improved both the standard of
engineering designs and the methodology of the design process in many industrial
applications. The introduction of FEA has substantially decreased the time to take
products from concept to the production line. It is primarily through improved initial
prototype designs using FEA that testing and development have been accelerated. In
summary, benefits of FEA include increased accuracy, enhanced design and better
insight into critical design parameters, virtual prototyping, fewer hardware
prototypes, a faster and less expensive design cycle, increased productivity, and

increased revenue.

3.4  SOFTWARE OF FINITE ELEMENT ANALYSIS

ANSYS is an engineering simulation software computer-aided engineering
(CAE). Once the design has been finalized, Finite Element Analysis was conducted
by using ANSYS. The Static Structural was used in the analysis.

The core product of Ansys is its ANSYS multiphysics or structure mechanics
module. This code is based on the finite element analysis and is capable of

performing static stress analysis, thermal analysis, modal analysis, frequency
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response analysis, transient simulation and also coupled field analysis. The Ansys

multiphysics can couple various physical domains such as structural, thermal and

electromagnetics.

3.5.1 Static Structural Analysis

Structural analysis comprises the set of physical laws and mathematics
required to study and predict the behavior of structures. The structural analysis are
engineering artifacts whose integrity is judged largely based upon their ability to
withstand loads, they commonly include buildings, bridges, aircraft, ships and cars.
Structural analysis incorporates the fields of mechanics and dynamics as well as the
many failure theories. From a theoretical perspective the primary goal of structural
analysis is the computation of deformations, internal forces, and stresses. In practice,

structural analysis can be viewed more abstractly as a method to drive the

engineering design process.

To perform an accurate analysis a structural, it must determine such
information as structural loads, geometry, support conditions, and materials
properties. The results of such an analysis typically include support reactions,
stresses and displacements. This information is then compared to criteria that
indicate the conditions of failure. Advanced structural analysis may examine

dynamic response, stability and non-linear behavior.

3.5 MESHING IN ANSYS

Meshing consists of semi-permeable barrier made of connected strands of
metal, fiber, or other flexible or ductile material. Mesh is similar to web or net in that
it has many attached or woven strands. Subdivision surface, in the field of 3D
computer graphics, is a method of representing a smooth surface via the specification
of a coarser piecewise linear polygon mesh. The smooth surface can be calculated
from the coarse mesh as the limit of a recursive process of subdividing each
polygonal face into smaller faces that better approximate the smooth surface. F igure

3.3 depict the meshing of the designed clutch disc.
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Figure 3.3: Meshing of the clutch disc

In this analysis, coarse meshing type is used. Coarse meshing is a default
meshing in ANSYS. The function of meshing is to calculate the critical area of the
part or surface when the load is applied. It will calculate the every meshing area with
details information about the stress, strain and deformation and will notify if the part

is failure when the load is applied.
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CHAPTER 4

RESULTS AND DISCUSSION

DESIGNING THE CLUTCH DISC FRICTION MATERIAL

4.1.1 Calculating the Clutch Diameter, D

Formula used:

T = APpaxT; f(r3- r{)N

Assumption:

ii.
1ii.

1v.

r; =0.58r,
Pressure applied onto the clutch uniform.
The factor of safety, F.O.S = 1.5 (Automotive application F.O.S = 1.38 - 1.5).

The material for the friction material is woven asbestos applied on steel.
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Given that:

i.  The maximum torque required for the clutch to transmit is 150 Nm
ii. T=15x%x150Nm=225Nm
iji. N=2
iv.  f=0.3 (Obtained from table in Appendix)

v.  Ppax = 684 000 Pa (Obtained from table in Appendix)

Carry out the calculation:
T = APpaxTi f(r2- r2)N
T = ntPpax 0.58r, f(r2-0.58r>)N
T = nPpax (0.3849r3)N
225 Nm =(3.142)(684 000 Pa)(0.3)(0.384973)(2)

r3 =45334x10"*m

r, =0.0768 m
r; =0.58r,
=0.58(0.0768 m)
=0.0445 m
Therefore:
D, =0.1536 m
D; =0.0890 m

These values are the minimum values that should be used to accommodate

the maximum torque of the tractor engine.
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4.1.2 Calculating the Axial Force, F,

Formula used:

1

Fa =2 mPmaxDi(Do- Di )
Carry out the calculation:
Fa=> PmaxDi(Do- D )
F, = (3.142)(684 000 Pa)(0.0890 m)(0.1536 m — 0.0890 m)

F,=6178.0983 N
Multiply with the factor of safety;
F,=1.5(6178.0983 N)
Therefore,

F,=9267.1474 N

4.2  RESULTS OF FINITE ELEMENT ANALYSIS

4.2.1 Force Applied On The Friction Surface

Structural loads are forces applied to a component of a structure. In structural
design, assumed loads are specified in national and local design codes for types of
structures, geographic locations, and usage. In addition to the load magnitude, its
frequency of occurrence, distribution, and nature of static or dynamic are important
factors in design. Loads cause stresses, deformations and displacements in structures.
Assessment of their effects is carried out by the methods of structural analysis.
Excess load or overloading may cause structural failure, and hence such possibility

should be either considered in the design or strictly controlled
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Figure 4.1 depicts the structural load applied onto the disc clutch.

0.00 25.00 50,00 (mm)
[ EEm— SS—
1250 350

Figure 4.1: Force Applied on the Clutch Facing

In this analysis, the distribution load will be applied just one side on the
facing of the clutch disc, the other side of the clutch disc facing will engage to the
flywheel that will support the distribution force from the pressure plate.

4.2.2 Equivalent Elastic Strain
Figure 4.2(a) to (b) shows the results of the strain due to the static force applied.
Elastic stress-strain relations:
o=Eg
where;
E = modulus of elasticity (Young’s Modulus)

€ = strain
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0.00 30.00 60,00 (mm) Z/L‘ %
[ S— ESS— ’

15.00 45,00

Figure 4.2(a) Isometric View of Elastic Strain

0.00 25.00 50.00 (mm)
[ SEaa— SS—

.50 31.50

Figure 4.2(b): Front View of Elastic Strain

where:

o = stress (Yield Strength)
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From the table of mechanical properties of carbon composite, we
know the value of stress (Yield strength), ¢ is 83 Mpa and modulus of elasticity
(Young’s modulus), E is 95 Gpa. So, by using the formula of elastic stress-strain
relation, we can calculate the value of maximum strain, €,,x by theoretical:

€max =

m|Q

_ 83 Mpa
95 Gpa

=8.737x 107

From the analysis using ANSYS, we get the value of maximum strain, €q,y is
5.5403 x 10™*. It show that, the value from analysis is smaller than theoretical and
below than safety limit.

4.2.3 Stress Analysis

The stress analysis obtained in the Finite Element Analysis is shown in Fig.4.3(a) to
(b) below.

0.00 30.00 60.00 (mm) a/k X
[ B S ’

15.00 45.00

Figure 4.3a: Isometric View of Stress Analysis
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0.00 25.00 50.00 {(mm)
L === ===

1250 3750

Figure 4.3b: Front View of Stress Analysis

From the table of mechanical properties of carbon composite, we know that
that the value of yield strength, ¢ is 83 Mpa. From analysis using ANSYS, we get

the maximum stress, Omax that occur for clutch disc when force is applied is 52.633
Mpa. So, from this two value, we can calculate the value of factor of safety (FOS).

Factor of safety for the structural is a ratio of the allowable stress
(yield strength) per working stress (maximum stress from structural analysis).

ield strength,
Factor of safety (FOS) _ _yield strength,c

maximum stress,o
83 Mpa

52.633 Mpa
=1.6

From the value of factor of safety, we know that the part is safe to use in term
of safety. In automotive engineering, the value for factor of safety (FOS)
recommended is between 1.5-3.0. The value that we get is in range of recommended
value, so the part was design is safe.
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4.2.4 Displacement Analysis

Next, the diplacement of the clutch disc for the designed material is shown in Fig.

4.4 (a) to (b).

'

&
oy

\“‘%. 4
Y

0.00 30.00 60.00 (mm)
[ Sa—— S

15,00 45.00

Figure 4.4a: Isometric View of Total Deformation

0.00 25.00 50.00 (mm)

1250 3150

Figure 4.4b: Front View of Total Deformation
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Deformation is a change from the normal size or shape of an anatomic
structure due to mechanical forces that distort an otherwise normal structure. By

using the formula of average linear strain, € is the ratio of change in length to the
original length.

S_d
L

where:
d = change in length (deformation)
L = original length (thickness of clutch disc)

From this formula, we can calculate the value of total deformation of the
clutch disc when load is applied. The thickness of the clutch disc is 17 mm and the

value of maximum strain, €q.y is 8.737 x 1074

maximum displacement,d =€ L
d=(8.737 x 10~4)(17)
d=0.01485 mm

So, by theoretical value of total deformation is 0.014856 mm and the value of
total deformation by using ANSYS is 0.026599 mm. It show that, this part is safe to
use and failure will not occur.

4.3 FABRICATION OF THE CLUTCH DISC

After the design of the clutch disc passed the Finite Element Analysis, the fabrication
of the clutch disc was carried out. The carbon friction disc was fabricated by using
5-Axis Computer Numerical Control (CNC) milling machine. The machine must
have ventilation system to take out the dust produced by the carbon material during
the fabrication. Figure 4.5 shows the CNC machine used for the fabrication of the

carbon friction disc.
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Figure 4.5 CNC 5 Axis Milling Machine

Once, the fabrication is finished, the friction material obtained is shown as in Figure
4.6.

Figure 4.6 Completed Clutch Carbon Composite

Next, the 2 pairs of the clutch carbon composite was riveted to the clutch spline hub
as shown in Figure 4.7
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RN

Figure 4.7 Clutch Carbon Composite Riveted to Clutch Spline Hub

The 3 Dimensional view of the completed clutch disc is shown as in Figure 4.8
below. —

Figure 4.8 3D View of Completed

The completed clutch disc should undergo reliability and performance test. However,
since rigs to perform the test can be built due to budget constraint, the test will be
conducted in next phase of research.
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CHAPTER S

CONCLUSION AND RECOMMENDATIONS

5.1 CONCLUSION

The final parameters of the friction clutch disc are as follow:

1. Material used for the friction facing is a carbon-carbon composite.
ii.  Type of clutch plate used is a rigid hub.
iii.  Outer diameter, D,= 160 mm

iv.  Inner diameter, D;= 90 mm

The type of clutch plate used is a rigid hub because is due to its simplicity and
cheaper cost of production. Moreover, for a mini tractor which is has a low

maximum speed and low engine rpm, the rattling effect is at minimum. Therefore,

rigid hub is more suitable.

Formula that used to determine the clutch outer and inner diameter and axial

force are as follow:

i T =nPyayri f(r2- r2)N
" 1
. FPFy= = PmaxDi(Do- Dj )
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The values from this formula is depends on the maximum torque produced by
the engine. From this value, the lightweight dry clutch disc for a mini farming tractor

is designed and the engineering drawing of the clutch disc is produced by using

CATIA software.

After that, ANSYS software was used to do the finite element analysis (static
structural analysis) on the design of the clutch disc. From the analysis, the value of
equivalent elastic strain, maximum stress and total deformation when the force is

applied was obtained as shown in Figure 5.1 belows.

Model (A4) > Static Structural (A5} > Solution (A6) > Results
Equivalent Elastic Strain | Egquivalent Stress | Total Deformation
d

Geometry Selection
All Bodies

Equivalent {von-Mises) Elastic Strain | Equivalent (von-Mises) Stress | Total Deformation

0. mm
52.633 MPa 2.6598e-002 mm

Figure 5.1: Results of Static Structural Analysis

All the parameter of the stresses, strain and deformation that we get from the
analysis is below than theoretical. So, the clutch disc that we designed is safe to use
in the industrial application in term of safety. The clutch disc also can fabricated in

future to use in automotive industrial. So, all the objective of the project is achieved.

Last but not least, after the Finite Element Analysis was conducted, the clutch

friction disc was fabricated by using Computer Numerical Control machine.
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52 RECOMMENDATIONS

After fabrication of the clutch friction disc is completed, it should undergo
feasibility and reliability test. A special design test rigs should be fabricated for the
tests. However, due to constraint in budget, the rigs were not able to be materialised.
However, further research grant can be applied to build up the test rigs. The
fabricated lightweight clutch friction disc will be tested by using the rig to validate th

FEA results.

Apart from that, dynamic analysis should be imposed to the designed clutch disc to
obtain much accurate results. Last but not least, we recommend that the torsional
spring should be introduced in the design to reduce gear rattling (vibration of the
clutch) . It will be lead to incerase of the life span of the clutch disc. It also can do

the dynamic analysis in finite element analysis (FEA).
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APPENDIX A

Engineering Drawing of Completed
Lightweight Clutch
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Isometric view
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— In this paper, the method to design dry clutch disc for
arming tractor is presented. The main factor that needs
nsidered in order to design a clutch disc is the torque
d by the engine. An optimum clutch disc should have
n in weight, simple to manufacture and high reliability.
lement analysis is also conducted to determine the
m stress the designed clutch disc.

ords-component; dry clutch dic, farming tractor finite
inalysis

L INTRODUCTION

itch is a mechanical device, by convention understood
otating, which provides driving force to another
m when required, typically by connecting the driven
m to the driving mechanism. The name of clutch has
stablished due to its meaning of grasp or grip tight.

hes are useful in devices that have two rotating shafis.
devices, one shaft is typically attached to a-motor or
ver unit (the driving member), and the other shaft (the
ember) provides output power for work to be done.
h connects the two shafts so that they can either be
gether and spin at the same speed (engaged), or be
1 and spin at different speeds (disengaged).

| disc can be either dry or wet. Dry here means the
crates in dry condition. The clutch facing of dry
lutches are the force closure couplings [1]. On the
1, wet here means, the clutch operates in oil bath or
y clutch are widely used on large trucks and heavy
units. The main advantages of dry clutch are its large
*a and the main components of a dry disc clutch are
late and the disc [2]. Clutch system basically consists
or parts which are flywheel, diaphragm spring, clutch
ure plate, clutch cover and linkage that is necessary
the clutch [3].

Mohd Irwan Mohd Azmi
Department of Thermal-Fluid

Muhammad Zahir Hassan
Department of Automotive

Mohd Fareez Ibnor Bin Ibrahim
Department of Automotive

An optimum clutch system is a system where it gives more
power transmission, high comfort, highly effective, and low
cost in design [3].

A good clutch disc must have the following criteria:[1]

() High torque transmission which depends on the friction
co-efficient.

(ii) High comfort

(iii) Low wear criteria

II. FARMING TRACTOR CLUTCH DISC

A ftractor is a device intended for drawing, towing or
pulling something which cannot propel by itself. Generally
tractor is used to describe a vehicle intented for such task on
some other vehicle or object [4]. In Malaysia, tractor mostly
used in paddy and palm oil farm to do works likes plugging,
seeding, and harvesting. However, the used of tractor are
widening to land clearing, slashing grass and collecting grass
clippings leave and twig.

Basically, in agricultural machinery, there are three
main clutched that are normally used. These clutches are disc
clutch, overrunning clutch and cone clutch. All these types of
clutch come under axial friction clutches [5]. Clutch facing
thermal properties lead to a large extent temperature rise and
this would lead to tribological performances at the contact
interfaces [6].

IOI. DESIGNING THE CLUTCH DISC

In designing the clutch disc, we have to consider the
following criteria:
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i Sizing

ii.  Material selection
iii. Configuration

iv. Overall sizing

v. Disc plate

The first two criteria are very important parameters needed
order to design a clutch disc. Apart from that, we also have
make assumption of the following:

i.  Complete contact of the clutch disc
ii.  The pressure due to the contact is uniform.

According to [7], the factors that determine the amount of
e torque a clutch can transmit are: friction area, nature of the
ction surface, diameter of friction surface, and amount of
essure which holds the surfaces together. Generally, the
cater the friction area and diameter of the surfaces, the
eater the torque capacity of the clutch.

Determining Clucth Disc Diameter

To calculate for torque that the clutch can transmit, the
rmula below is used.

T="Pmax ‘rif(ra2 - TiZ)N (1)

T  =torque transmitted, Nm
Pjpqx = maximum pressure applied onto the clutch in
Pascal
f = coefficient of friction (depends on material used)
7, =outer radius, m
1; = inner radius, m
N =number of friction surface

sumptlons made:

i =0.587,

ii. Pressu.re applied onto the clutch is uniform.

ii.  The factor of safety, F.O.S = 1.5 (Automotive
application F.O.S = 1.38 - 1.5).

v.  The material for the friction material is woven
asbestos

jowing that:
i.  The maximum torque required for the clutch to
transmit is 150 Nm

ii. T=225Nm

i. N=2

V. f=0.3

V.  Bpax = 684 kPa

ym these values and also the formula used, we obtained:
=0.1536 m

=0.0890 m

erefore, the outer diameter of the clutch will be set to
53m. From the calculation and theory, it can be concluded
t the clutch diameter is depends on two parameters which
- torque produced by the engine and also clutch facing used
the design.

B. Determining The Axial Force
Formula used are as follows:

Fy = TPrxDy(D,- Dy )(Shigley)

Carry out the calculation:

Fa =17eruD (D- D; )
== (3 142)(684 000 Pa)(0.0890 m)(0.1536 m —0.0890

F 6178 0983 N

Multiply with the factor of safety;

F,=1.5(6178.0983 N)

Therefore,

F,=9267.1474 N

III. FINITE ELEMENT ANALYSIS

In automotive engineering, the rotational motion is difficulty,
be modeled in Finite Element because it involves a lotg
complex phenomenon such as friction, thermal effects, she
between mechanical parts, vibrations and other factors [3]

Basic finite element analysis was conducted to de
the displacement and the maximum stress the disc can
for the calculated axial force. The disc is meshed with sh
elements (Shell 181in ANSYS) and computed by using lif
elastic material law. Fig. 1 depicts the mesh generation of
clutch disc.

Figure 1. Mesh generation of the clutch disc

By applying static force of 9267 N onto the surface of 1
clutch disc as shown in Fig. 2, the results of maxim
displacement is obtained. The results are shown as in Fig
The maximum displacement obtained is 0.122 mm which
considerable low. On the other hand, the maximum
yield from the analy51s is 132.7 Mpa which is shown in Fig
This maximum stress is way below the allowable limit for ff

designed clutch disc.
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Figure 2. Static force applied onto the clutch disc

Figure 3. Results of displacement of clutch discc

Figure 4. Von Misses stress

IV. CONCLUSION

In conclusion, the design method of clutch disc has been
successfully demonstrated. The following steps are the
guidance to design a clutch dry disc:

(i) Determine the clutch diameter (inner and outer)
(ii) Determine the clutch hub length and diameter
(iii) Determine the diameter of working spring (if any)
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>reliminary Design of Carbon Composite Facing for Dry Clutch Disc

of Mini Agricultural Tractor
Fudhail Abdul Munir', Mohd Irwan Mohd Azmi', Mohd Adrinata Shaharuzaman', Mohd Rody
Mohd Zin', Muhammad Zahir Hassan'

Abstract — In this paper, the preliminary design of carbon composite clutch Jacing
Jor the use of mini agricultural tractor dry clutch disc is presented. The main
Jactor that needs to be considered in order to design a clutch disc facing is the
forque produced by the engine. An optimum clutch facing disc should have
minimum in weight, simple to manufacture and high reliability.” Finite element
analysis is conducted to determine the maximum stress the designed clutch disc
Jacing before the fabrication take place. The design carbon Jacing is then
Jabricated by using Computer Numerical Controlled (CNC) 5-axis milling
machine. The completed design will then used for experimental analysis to

determine its reliability and durability.

Copyright © 2009 Praise Worthy Prize S.r.l. - All rights reserved.

Keywords: carbon clutch disc, finite element analysis.

| Introduction

utches are useful in devices that have two rotating
s. In these devices, one shaft is typically attached to
tor or other power unit (the driving member), and
sther shaft (the driven member) provides output
r for work to be done. The clutch connects the two
s so that they can either be locked together and spin
+ same speed (engaged), or be decoupled and spin at
ent speeds (disengaged).

clutch can be defined as a mechanical device, by
‘ntion understood to be rotating, which provides
\g force to another mechanism when required,
lly by connecting the driven mechanism to the
g mechanism. The name of clutch has become
ished due to its meaning of grasp or grip tight. The
»nent of a clutch disc can be represented in the Fig.
w.

Clutch disc can be either dry or wet. Dry here means
the clutch operates in dry condition. The clutch facing of
dry running clutches are the force closure couplings [1].
On the other hand, wet here means, the clutch operates in
oil bath or spray. Dry clutch are widely used on large
trucks and heavy industrial units. The main advantages of
dry clutch are its large contact area and the main
components of a dry disc clutch are pressure plate and
the disc [2]. ‘

An optimum clutch system is a system where it gives
more power transmission, high comfort, highly effective,
and low cost in design [3]. ‘

A good clutch disc must have the following criteria:
(1]

() High torque transmission which depends on the

friction co-efficient.

(ii) High comfort

(iii) Low wear criteria

The availability of asbestos in automobile components
like clutches, brakes and gasket may bring potential
health risk to the automotive mechanics [4], [5] and [6).
Therefore, there is a need to replace the material used in
the present automotive clutches to alternative material
which has no potential threat to human health,

Carbon composite clutch disc is one of the alternatives
to asbestos woven clutch. Carbon composite materials
are used extensively in high performance racing cars
especially in Formula 1 [7]. It was first used in aircraft

—Fig'I-Clutch disc componerits —

ipt received January 2007, revised January 2007

Industries back in 1970s. [8]. Apart from light in weight,

Copyright © 2007 Praise Worthy Prize S.r. I.‘ - All rights reserved
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carbon-composite  materials have high melting
temperature, low density, high thermal conductivity and
shock resistance, low thermal expansion, and high elastic
moduli. These criteria is suitable for structural
application in extreme temperature surroundings [9].

II. Design process

In designing the clutch disc, the following consideration
needs to be adhered:

i.  Sizing

ii. Material selection

iii. Configuration

iv. Overall sizing

v. Disc plate
The first two criteria are very important parameters
needed in order to design a clutch disc. Apart from that,
we also have to make assumption of the following:

i.  Complete contact of the clutch disc
ii.  The pressure due to the contact is uniform.

The factors that determine the amount of the torque a
clutch can transmit are: friction area, nature of the
friction surface, diameter of friction surface, and amount
of pressure which holds the surfaces together [10].
Generally, the greater the friction area and diameter of
the surfaces, the greater the torque capacity of the clutch.

IL1. Determining Clutch Disc Diameter

To calculate for torque that the clutch can transmit, the
formula below is used.

T=7rpmax Tif(roz - riz)N (1)
Where:
T = torque transmitted, Nm
Ppax = maximum pressure applied onto the clutch in
Pascal
f = coefficient of friction (depends on material
used)

17, = outer radius, m
1; = inner radius, m
N = number of friction surface

Assumptions made:
i 1=058r
ii.  Pressure applied onto the clutch is uniform.
iii. The factor of safety, F.O.S = 1.5 (Automotive
application F.O.S = 1.38 - 1.5).
iv. The material for the friction material is woven
asbestos —
Knowing that:
i.  The maximum torque required for the clutch to
transmit is 150 Nm
ii. =~ T=225Nm
iii. N=2

V.  Pnax = 684 kPa

From these values and also the formula used, it was
obtained that:
D,=0.1536 m

D; =0.0890 m
Hence, the outer diameter of the clutch will be set to

0.153m. From the calculation and theory, it can be
concluded that the clutch diameter is depends on two
parameters which are torque produced by the engine and
also clutch facing used in the design.

I1.2. Determining the axial force
Formula used are as follows [10]:
Fa = PmaxDi(Do- D;) @)

Carry out the calculation:

Fy = PaxDi(Do- i)

F, =§ (3.142)(684 000 Pa)(0.0890 m)(0.1536 m — 0.0890
m)

F,=6178.0983 N

Multiply with the factor of safety;

F,=1.5(6178.0983 N)

Therefore,
F,=9267.1474 N

IL.3. Finite Element Analysis

In automotive engineering, the rotational motion is
difficult to be modeled in Finite Element because it
involves a lot of complex phenomenon such as friction,
thermal effects, shocks between mechanical parts,
vibrations and other factors. Therefore, since we only
need to design a specimen to be used for experiment,
static structural analysis was conducted.

The property of the carbon friction disc is shown in table
I below:

Table I
Properties of carbon friction clutch disc
Reynolds Number Grid Size
Apparent Density 1.43 (g/em’)
Flexural Strength 107 Mpa
Tensile Strength 83 MPa
Thermal Conductivity 31 W/mK

Basic finite element analysis was conducted to
determine the displacement and the maximum stress the
disc can sustain for the calculated axial force. The
software used is ANSYS 12. The disc is meshed with
shell elements (Shell 181in ANSYS) and computed by

——ijv.——f=10:3-(carbon-composite})

Copyright © 2007 Praise Worthy Prize S.r.l. - All rights reserved
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ng linear elastic material law. Fig. 2 depicts the mesh The maximum displacement obtained is 0.122 mm.
ieration of the clutch facing with its clutch hub. From theoritical value of strain the carbon composite
used for the clutch facing is 8.737 x 10™* . The results
obtained from ANSYS is 5.5403 x 10™* which is lower
than the theoritical value. Hence it is acceptable.

On the other hand, the maximum stress yield from
the analysis is 132.7 Mpa which is shown in Fig. 5. This
maximum stress is way below the allowable limit for the
designed clutch facing.

Fig. 2 Meshing of the clutch facing

pplying static force of 9267 N onto the surface of the
'h facing as shown in Fig. 3, the results of maximum
lacement is obtained. In the analysis of the axial
> is applied onto one side only due to symetrical

erty.

Fig. 5 Von Misses stress of the clutch facing

From the table of mechanical properties of carbon
composite, we know that that the value of yield strength,
o is 83 Mpa. From analysis using ANSYS, the maximum
stress obtained is 52.633 Mpa. Thus, the maximum
stress of the designed clutch facing is below than the
tensile strength.

III. Fabrication of the carbon facing disc

Fig 3 Static force applied on clutch facing After the design of the clutch disc passed the Finite

Element Analysis, the fabrication of the clutch disc was
ssults in ANSYS maximum displacement is shown carried out. The carbon friction disc was fabricated by
. 4. The maximum displacement obtained is 0.122 using 5-Axis Computer Numerical Control (CNC)
milling machine. The machine must have ventilation
system to take out the dust produced by the carbon
material during the fabrication. Fig. 6 shows the CNC
machine used for the fabrication of the carbon friction
disc.

Fig. 4 Maximum displacement of the clutch facing

Fig. 6 5- Axis CNC milling machine
International Review of Mechanical Engineering, Vol. xx, n.
x
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On the other hand, Fig.7 depicts the completed carbon
friction disc. There are two carbon friction disc was
made. These clutch facing was then riveted to the
cushion disc together with the spline hub as shown in Fig
8.

Fig. 7 Completed carbon composite clutch facing

Fig. 8 Carbon composite clutch facing is riveted to cushin disc and
spline hub

IV. Conclusion

In this paper the method of designing carbon
composite facing for clutch disc is properly
demonstrated. The designed clutch disc will then be used
for experimental analysis to determine its reliability in
term of usage and durability. The investigation will be
done by using experimental rig specialized built to study
clutch system for automotive applications.
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s of the above-mentioned nommative and the privacy
provided there.

:atment: in particular your personal data will be dealt for the
onnected to the carrying out of the following fulfilment,
legislative or contractual obligations:

tory law’s fulfilments;

g of the clients;

ation on the Review of your cumiculum vitae and your photo.
nt of the personal data useful to the accomplishment of
tions is necessary for a cormrect dealing of the relation and
val is obligatory in order to put into effect the above-
urposes. Besides The Holder informs that the eventual not
on, or a wrong communication, of any of the obligatory
can cause the impossibility of the Holder to guarantee the
of this treatment. :
e treatment: your personal data could be dealt in the
fs:

treatment through paper documents;

of the operations of information processing to outside

treatment through digital files.

=nt is done in the respect of the forms as described in the
nd followings of the Code of the Privacy and by means of
he minimal measures of emergency provided by the
chnician (Attached B of the Code of the Privacy).

ion: your personal information will be kept in our offices
ransmitted exclusively to the competent subjects at the
nt of the necessary services for a correct dealing of the
ion, with a guarantee of the protection of the rights of the
ly. In any case the communication for external use of you
will be allowed only in the case that:

Inication is obligatory in order to assure the compliance of
1ments provided by the law or other binding norms;
wnication is obligatory in order to assure the comect
or continuation of the extant business relationship.

the data could be communicated to the following
subjects: banks used for the dealing of the payments,
ies or administrations for the law's accomplishments,
ress courier offices.

nformation will be dealt only by the staff who has been
horized by the Holder and, in particular, the following
ibjects in charge:

. people in charge assigned to the various operat
compartments.

You should be aware that personal information that you voluntar
disclose on your curriculum vitae (included your photo) bei
accessible to other Users could be collected and disclosed |
others. Praise Worthy Prize cannot take any responsibility for sut
collection and disclosure.

Spreading: Your personal data wont be spread in any way. |
excluded the spreading of the data demanded, in accordance with tt
law.

Holder: the Holder of the treatment of the data, according to the Law,
the Praise Worthy Prize S.r.l., piazza G. D'Annunzio, 15 — 8012
Napoli ltaly, email administration@praiseworthyprize.com represente
by its legal representative for tempore.

Responsibles: The responsibles of the treatment of its personal data |
prof. Santolo Meo, piazza G. D'Annunzio, 15 — 80125 Napoli Italy, ema
You have the right to obtain from the responsible the cancellation, th
communication, the updating, the rectification, the integration of th
personal data that regards you, as well as in a general way you cal
exercise all the rights provided from the art.7 of the Code of the Privac
reported in translation in the following:

Legislative Decree n.196/2003: Art. 7 — Right of access to the
personal information and other rights.
1.The interested party has the right to obtain the confimmation of the
existence or not of personal data regarding him, even if not stil
recorded and their communication in an intelligible form.
2. The interested party has the righ to obtain the indication:
a) about the origin of the personal data;
b) about the purposes and the modality of the treatment;
c) about the logic applied in case of treatment carried out with the aid of
electronic instruments; .
d) about the datas that identificate the holder, the responsibles and the
representative designated according to the article 5, codicil 2;
e)about the subjects or the categories of subjects to which the personal
data can be communicate or who can become acquainted with them in
quality of representative designated in the temitory of the State, of
responsibles or people in charge.
3. The interested party has the right to obtain:
a) the updating, the rectification or, when he is interested to i, the
integration of the data;
b) the cancellation, the transformation in anonymous form or the block
of the data dealt violating the law, included those of which it is not
necessary the conservation in relation to the aims for which the data
have been collected or subsequently dealt;
c) the attestation that the operations of which to letters a) and b) have
been communicated, also in their content, to those people to which the
data have been communicated or diffused, except in the case in which
such accomplishment is impossible or it involves a manifestly excessive
employment of means as regard as the protected right.
4. The interested party has the right to oppose, in all or in part:
a) for legitimate reasons to the treatment of the personal data that
regards him, even if pertaining to the aim of the collection;
b) to the treatment of personal data that regards him with the aim of
sending of advertising material or direct selling or for the fulfilment of
trade communication or market researches.

above, [ give my consent and | authorize the Treatment of my Personal information for the purposes indicated in this document.

ked ¢yer rgadable signature of the interested party (all Authors) :
Type or print name and title J:V‘O(‘fﬁ'l\— LN AdnuL

/I A QA" Ty5e or print name and title

Type or print name and title_ MO WD A 2Ly

MU N
Azm|

Moth? (RvAN Mouy)
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Type or print name and title Mu W AD LAME WSﬁ’N
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Praise Nwt-l‘j Prize Phone:+39 0810030873
idual re-sale, they may be included by the company/employer as part of an information package included| %ﬁ&%}o“‘yﬁéme r?'<j7ud
v .C

2d for sale or license. Posting of the published Work by the institution on a public access website may Sy B AoNeS
ission, and payment of any applicable fee(s).

RNMENT CONTRACTS

> of a Work prepared under US Government contract or grant, the US Government may reproduce, without charge, all or portions of the Wor

authorise others to do so, for official US Government purposes only, if the US Government contract or grant so requires. (Governmen
. see note at end.)

IGHT NOTICE

rand the company/employer agree that any and all copies of the Work or any part thereof distributed or posted by them in print or electronic
ermitted herein will include the notice of copyright as stipulated in the Journal and a full citation to the Journal as published by PWP.

RS RESPONSABILITIES

‘represents that the Work is the Author's original work. If the Work was prepared jointly, the Author agrees to inform the co-Authors of the
s Agreement and to obtain their signature(s) to this Agreement or their written permission to sign on their behalf. The Work is submitted only
nal and has not been published before, except for “preprints” as permitted above. (If excerpts from copyrighted works owned by third parties
1, the Author will obtain written permission from the copyright owners for all uses as set forth in PWP's pemmissions form or in the Joumnal's
for Authors, and show credit to the sources in the Work.) The Author also warrants that the Work contains no libellous or unlawful
does not infringe on the right or privacy of others, or contain material or instructions that might cause harm or injury.

x and fill in the appropriate section Aefore returning the original signed copy to the Publisher

wned work

suie ' e 2% 0y
 name and title F\AD\—HML A DU mun

el /2—'/\/ e m’: Date Q“i’l 05/ ll

name and title M°‘k"" Irw““\ "M“\Do Aa i

ature /)/’7//()' Afﬁi}, Date 24[ oS {ll

v
name andtite__TV\O WP Ax Ly CA L\

ature @ a—)*-ai’)/‘-"“ Date =2 ""l o '5'{ |
name and title VO O a")nj Mo gD 2N

ature /7 .Jr;/ Date ‘€ (OS“ |
1ame and title &~ Mutamm AD A tha s AN

Attach additional signature page as necessary

Institution-owned work (made-for-hire in the course of employment)

ture Date

ame and title

stitution
Hire)

1ature of Employer Date

ame and title

nt work

ion prepared by a US federal government employee as part of the employee’s official duties, or which is an official US Government
s called a “US Government work”, and is in the public domain in the United States. In such case, the employee may cross out paragraph

t sign and return this Agreement. If the Contribution was not prepared as part of the employee's duties or is not an official US
t publication, it is not a US Government work.

nt work (Crown Copyright)

 a Contribution by an employee of a UK Government department, agency or other Crown body as part of his/her official duties, or which
government publication, belong to the Crown. In such case, the Publisher will forward the relevant form to the Employee for signature.
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COPYRIGHT PERMISSION REQUEST FORM

hors are required to secure permission for the reproduction of any figure, table or extensive (more than fifty words) extract
1 the text of a source that is copyrighted or owned by a party other than Praise Worthy Prize or the author.

OM:
e EAM\ Q"OAU\ M\JN.r
ress Unuererh  Tekakal Malegsia  telakaq
Ftioo Hu% Tuah juaa Durin Tqagaml- Medalea

The following sample letter can be used as a template in seeking permission.

.

preparing for publication a work entitled:

 published by Praise Worthy Prize s.r.l.
as-amroriginarwork *
as-part-efa-wercentitled2—
as an article in a journal entitled * 6(‘4 o,
wmwavy  Desyn 0fF  Carbow  Compos'te Fcing fov Dry Skt Dz
A v e

W Racmirg VAo
1 by

(* Author to delete whichever is not applicable)

est your permission to include the following in this and all subsequent editions of the Work, and in all derivative works,
and all media and in all languages, published by Praise Worthy Prize, or its licensees throughout the world.

sual form of acknowledgement is to quote the author(s) and publication title of the original material. Praise Worthy Prize
lude the words:

“Reproduced by permission of [the owner of the publishing rights].”
> would you therefore confirm the owner of the publishing rights to be quoted as granting permission.
> indicate agreement by signing and returning the enclosed copy of this letter. In signing, you warrant that you are the

wner of the rights granted and that your material does not infringe upon the copyright or other rights of anyone. If you
control these rights, | would appreciate your letting me know to whom | should apply.

sincerely /\

FUDHAIL BIN-ABDUL MUNIR o _ . ]
Pensyarah
Fakulti Kejuruteraan Mekanikal
Universiti Teknikal Malaysia Metaka
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ayment sent through IWSMILE
‘o@iwsmile.it
nt: Tuesday, 24 May, 2011 11:02:14 PM

FUDHAIL BIN ABDUL MUNIR

ar Fudhail Abdul
nir

ur payment to PRAISE WORTHY PRIZE SRL , IWSMILE account 71002942 has been correctly done.

yment information:

Payment code: pmgeMhoxbppXnzyWHHZZfiontEPDFOZh
Item: payment for n. 1 e-journal IREME(Id5277)
Amount: 148.00 EUR

Funded by: card XXXXXXXXXXXXS5727

Date: 24/05/2011

Hour: 17:01:02

'chant information:

Merchant brand: not available

IWSMILE account: 71002942

Merchant name: PRAISE WORTHY PRIZE SRL
Email: INFO@PRAISEWORTHYPRIZE.COM
Skype account: praiseworthyprize.com
Customer care phone: not available
Customer care e-mail: not available

you need more information do not esitate to contact the Merchant.

L regards
ank Customer Care
3ANK S.p.A

Universiti Teknikal Malaysia Melaka
/Isinprd0103.outlook.com/owa/ ?ae=1tg1'1vl%rcst=1?’1vi.Noted!1d=KgAAAACoVLrCQ e

5/25/2011



Pusat Pengurusan Penyelidikan dan Inovasi (CRIM)

PERMOHONAN PENGHANTARAN KERTAS KERJA KE TERBITAN JURNAL
DI BAWAH PROGRAM KECEMERLANGAN PENYELIDIKAN

1. Borang permohonan ini hendaklah diisi dengan lengkap dan dikemukakan ke Pusat
Pengurusan Penyelidikan dan Inovasi (CRIM) dalam (1) salinan.

2. Permohonan ini mestilah disertakan dengan kertas kerja penuh dalam format sebenar,

salinan muka hadapan jurnal yang di

yang bersangkutan.

3. Pemohon hendaklah mengenalpasti jurnal yang dipilih berasaskan kepada perkara-
perkara yang periu diisi di dalam Bahagian B borang ini.

prosiding / jurnal / makalah.
S. Kejayaan dalam penerbitan di Jurnal perlu dimaklumkan kepada CRIM untuk rekod dan
penarafan Universiti oleh KPT.

-BAHAGIAN A: KETERANGAN DIRI PEMOHON -

nama: Fop L BN PBPUL. Mo

pilih, serta dokumen sokongan lain (ika ada)

Kertas kerja yang dihantar hendaklah tulin dan tidak pernah diterbitkan di mana-mana

NO.STAF: O\2.832%  JawaTan: Pen SYALA W

(diisi dengan huruf besar)

GRED JAWATAN : )

STATUS:

TETAP / SEMENTARA LKONTRAK

Ol2~23(Sok s

NO.HP/TEL: OL6~22%¥ (q | b

FAKULTI

/PTJ: T:Krvg E-MAIL:

-RAOQ(A okﬁ @utem.edu.my

REKOD PENERBITAN PEMOHON: senarai penerbitan jurnal (jika ada) untuk 2 tahun terakhir

Tahun | Nama Jurnal Peringkat | Jenis | Impak |[ISSN
Jurnal Jurnal | Faktor | no.
R0 - [TJownak . PpplRY  Sciences | SEopue It | [8l2- <

Nota: sertakan lampiran jika ruang rekod penerbitan tidak mencukupi

Universiti Teknikal Malaysia Melaka
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Pusat Pengurusan Penyelidikan dan Inovasi (CRIM)

(Diisi Oleh Pemohon)

BAHAGIAN B: BUTIRAN PERMOHONAN

Sila tandakan (/) pada ruang yang berkenaan:

/
DERINGKAT Universiti (UTeM) gugzgkgg SCORPUS v
A . ISI Thomsons
JURNAL:  Kebangsaan MyAIS
Antarabangsa Lain (nyatakan)

Jurnal Berimpak Faktor
- Nyatakan nilai “lmpak Faktor”

JENIS JURNAL :

/
Jurnal Berwasit (citation-indexed) v
Jumnal Tidak Berwasit (non-citation indexed)

NAMAJURNAL;__\_M‘ZrﬂxFoml Peuiew ¢ & Mechanicall Engneeni |

NAMA PENERBIT: Praise  Worthg  Prige
ALAMAT PENERBIT: Yiazza G- D' Proanzio 15/
80128 Nep U }qjq
ISSN NO. : |&%Fo -~ 8F3 ¢ Laman web Jumal : u}-Uuu pro\usgwor*hi D28 -Cim /lﬂc
Adakah Jumal mempunyai ‘panel of reviewers'? LTA Ya I;I Tidak

%AJ UK KERTAS KERJA:
"e\\mmw% Desu%,\ o/t Carrom CompsSAQ %ﬂunq Lor qu

cludcta Disc. og Muin't \Qamcc&-‘ruVaL ‘ch(c:(—of

.

SUMBER PEMBIAYAAN: @ 148.0° BugO
Kos Anggaran: RM % 635 o

i. No. Geran penyelidikan PJP/FRGS/ScFUND:
i FAKULTI/PUSAT (dengan holiiusanDekan); & Tonon dilagye kmna aevda
ii. Lain-lain sumber (sila nyatakan) S‘ucia."\ hedds  Rructulcan

BAHAGIAN C: PENGAKUAN PEMOHON

Saya mengaku bahawa kertas kerja ini adalah hasil penulisan saya (sebagai penulis utama) dan
semua kenyataan yang diberikan di atas adalah benar.

Tarikh: (O (O§ { 3o (! Tandatangan dan cop rasmi pemohon:

FUDHAIL BIN ABDUL MUNIR
Pensyarah

Fakuili Kejurutefaan Mekanikal
U~heersil Tenneal Malgysis Yeleka

[N

Universiti Teknikal Malaysia Melaka



Pusat Pengurusan Penyelidikan dan Inovasi (CRIM)

BAHAGIAN D: ULASAN DEKAN / KETUA PUSAT TANGGUNGJAWAB

DISOKONG
TIDAK DISOKONG

BERSETUJU MENGGUNAKAN BAJET CRIM / PTJ
ULASAN:

TARIKH

Tandatangan Dan Cop Rasmi
Dekan / Ketua Pusat Tanggungjawab

BAHAGIAN E: SEMAKAN PUSAT PENGURUSAN PENYELIDIKAN DAN INOVASI

Ulasan keatas kertas kerja, terbitan jumal dan status akaun projek yang dipohon

TARIKH

Tandatangan Dan Cop Rasmi
Pengarah (CRIM)

BAHAGIAN F:ULASAN TIMBALAN NAIB CANSELOR (PENYELIDIKAN DAN INOVASI)

DILULUSKAN
TIDAK DILULUSKAN

ULASAN:

TARIKH

Tandatangan Dan Cop Rasmi
Timbalan Naib Canselor (Penyelidikan dan Inovasi)

3
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://www.prajseworthyprize.com/IRE@..-u

Home>Products>Journals and Reviews>|.RE.M.E.

“=71| The International Review of Mechanical Engineering
(IREME) is a peer-reviewed journal that publishes
original theoretical and applied papers on all fields of
¢| mechanics. The topics to be covered include, but are not
limited to: kinematics and dynamics of rigid bodies,
vehicle system dynamics, theory of machines and
mechanisms, vibration and balancing of machine parts,
stability of mechanical systems, computational
mechanics, advanced materials and mechanics of
materials and structures, plasticity, hydromechanics,
aerodynamics, aeroelasticity, biomechanics,
geomechanics, thermodynamics, heat transfer,
refrigeration, fluid mechanics, energy conversion and
. management, micromechanics, nanomechanics,
controlled mechanical systems, robotics, mechatronics, combustion theory and
modelling, turbomachinery, manufacturing processes, new technology processes,
non-destructive tests and evaluation, new and important applications and trends.

Contributions may consist of invited tutorials or critical reviews; original scientific
research papers (regular paper); letters to the Editor and research notes which
should also be original presenting proposals for a new research, reporting on
research in progress or discussing the latest scientific results in advanced fields.
All papers will be subjected to a fast editorial process.

Any paper will be published within two months from the submitted date, if it has

been accepted.

o e ac——

aLissue O

Frequency:
published bimonthly, appearing on the last day of January, March, May, July,

September, November.

Print ISSN: 1970 - 8734
Cd-Rom ISSN: 1970 - 8742

Subscriptions and Individual articles:

on Cd-Rom: Hard copy:
Institutional: 263’ 263
(euroslyear) (euroslyear)
Individual: 263° 263"
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* To be downloaded
** Shipment costs to be charged

Abstracting and Indexing Information:

Cambridge Scientific Abstracts (CSA/CIG)

Elsevier Bibliographic Database SCOPUS

Academic Search Complete (EBSCO Information Services)
Copernicus

ne ] [ Editorial Board ] [ Latest issue ] [ Instructions for Authors ] [ Reviewers only ] [ Order now ]
vnload issues ]

se send any questions about this web site to info@praiseworthyprize.com
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eliminary Design of Carbon Composite Facing for Dry Clutch Disc of Mini Agricultural
actor
lise Worthy Prize [info@praiseworthyprize.it]
t Monday, 9 May, 2011 4:59:19 PM
FUDHAIL BIN ABDUL MUNIR

ortance: High
«<hments: IREME.xIs (193 KB) ; Treatment of Personal data.pdf (131 KB) ; COPYRIGHT PERMISSION PRAISE.pdf (15 KB) ; copyright Praise.pdf (183 KB) ; order

form IREME new.pdf (21 KB)

r Prof. Fudhail,

my great pleasure to inform you that your paper (ID 5277) has been accepted and will be published on the International Review of

hanical Engineering (IREME).

gratulations !
u want to publish the paper on the May issue of the Review, please, accomplish the following requirements as soon as

sible.
erely yours,

. Santolo Meo
aging Editor of IREME

prerequisites in order to publish your paper, are the following:

1. you should change the paper according to the following remarks of the reviewers:

At the beginning of the paper, before the Introducti section, a k seetion,nolmnnbcred,shouldbeuddadwithllistofalldwusedsymbolsandmeirmaning.Conseqwﬂyﬂg
paper should be ged eliminating all the definitions given in the secti
If it is possible, the refe must be integrated also with papers published on our Journal. You can find some papers in the attached file “IREME.xIs™.

2. you should complete and submit on-line, the ORDER FORM that can be found to the following web address:

http://www.praiseworthyprize.it/orderforms/IREMEpc _orderform.html ;
3. you should complete, sign and return, by fax, to the number +39 0810360768 the following documents (SEE THE

ENCLOSED FILES):
3.1 copy of the ORDER FORM (also by fax);

3.2 copy of the COPYRIGHT FORM;

3.3 copy of the TREATMENT OF PERSONAL DATA.

3.4 eventually a copy of the PERMISSION REQUEST FORM for the reproduction of any figure, table or extensive (more
than fifty words) extract from the text of a source that is copyrighted or owned by a party other than Praise Worthy
Prize or of the Author;

4. You or your organization should buy the e-journal copy of the Issue for the amount of 148 euros. Alternatively, you or
your organization can buy 1 print copy of the Review issue to cover part of the publication cost (188 euros included the
shipment costs). The payment should be made by three ways:

4.1..by credit card

In this case you should cross this modality on the order form and | will send you an email with a link in order to pay the amount
by credit card

4.2. by bank transfer.
ABSOLUTELY IT IS NOT POSSIBLE TO PAY WITH INTERNATIONAL CHECK OR MONEY ORDER/ BANK DRAFT.
Bank transfer information:
Name of Account: Praise Worthy Prize s.r.l.
Account #: 052895878840
IBAN #: IT 87 U 03049 03401 052895878840
Bank Name: Banca Sella Sud Arditi Galati, Agenzia n°5, via Alvino, 63 - 180127 Napoli, Italy
Swift Transfer Code: BRDGIT33XXX

NOTE:

Bank transfer payments will be charged in Euros only.
The bank transfer cost must be added to the cost of the four copies of Review issue.

You must include the following information on your bank transfer documents:
Name of the corresponding Author
Paper Number

4.3. by Western Union addressing the payment to :
Anna Bosso

Piazza G. D'Annunzio 15,

2 Uni iti Teknikal Malaysia Melak:
sinprd0103.outlook.com/owa/?ac=ITemai=11'M. Note&id=RgAAAACOVLICQ... 5/10/2011



80125 Napoli-ltaly
Best Regards

Anna Bosso
Head of the Editorial Staff

PRAISE WORTHY PRIZE S.r.l.
PUBLISHING HOUSE
Editorial Staff

editorialstaff@praiseworthyprize.com

bttt b4+ ATTENTION #4444+ttt bbb e
This e-mail is directed uniquely to the interested party,
which is the exclusive addressee of any information contained herein.

For any abuse about the content of this message,

Praise Worthy Prize S.r.l. will claim compensation for damages occurred to third parties as well.
In case the e-mail should be addressed to other than you, or the content should reveal
any transmission errors or manipulations, please contact us

at the following address: info@praisewo rize.com

https://sinprd0103.outlook.com/oWa/ (A ortemocioir m vowacis-RgAAAACOVLICQ...  5/10/2011



