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ABSTRACT

Ligament is tough bands of fibrous tissues that connect between two bones.
Those bones are the tibia and femur bones. The knee structure is including the femur
(thighbone), tibia (shinbone), ligament, meniscus, articular cartilage, tendon and patella
(kneecap). The anterior cruciate ligament (ACL) connects the femur to the tibia at the
center of the knee. It limits rotation and the forward motion of the tibia. The ACL injury
was found to be the highest among others ligament. Running and kicking is the
activities that frequently can cause the ACL injury. In this study, a three-dimensional
finite element model of the human ACL was developed and the simulation of passive
knee flexion was performed. The objective for this study is to investigate the behaviour
of the ACL effect when using knee pad during the Kicking activities in soccer game.
The numerical modeling of passive knee flexion was performed, with and without
applying the stress on the ACL. The analysis will consist of analysis with the kneepad
and analysis the knee without the knee pad. Both of the analysis involved in knee
posturer angles. The angles are 0°, 45°, 90° and 155° of knee flexion. The results show
that 90° flexion give highest stress value among other knee flexion. One possible
explanation is that, the ligaments already reach its final stages for twisting. After this
stage, the ligament will not twisting but it will start to bend. The ligament will bend
until it reaches it bending limit.
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ABSTRAK

Ligamen merupakan salah satu tisu kompleks yang menghubungkan di antara
dua jenis tulang iaitu tulang “Tibia” dan tulang “Femur”. Struktur lutut terdiri daripada
tulang “Femur” (tulang peha), tulang “Tibia” (tulang betis), ligamen, meniskus, tulang
rawan, tendon dan patella (tempurung lutut). “Anterior Cruciate Ligament” (ACL)
menghubungkan tulang “Femur” ke tulang “Tibia” di tengah-tengah lutut. ACL
mengawal had pergerakan ke hadapan dan juga putaran “Tibia”. Kecederaan ACL
mencatatkan kecederaan paling tinggi berbanding ligamen yang lain. Antara aktiviti
yang kerap berlaku kecederaan kepada ACL adalah disebabkan oleh aktiviti berlari dan
juga menendang. Untuk kajian ini, model 3D untuk ligamen telah dihasilkan dan
analisis telah dijalankan. Objektif kajian ini, adalah untuk mengkaji kesan tindak balas
ACL apabila memakai pad lutut atau tidak memakai semasa melakukan aktiviti
menendang dalam permainan bola sepak. Untuk analisis kajian ini, ia merangkumi
analisis apabila kaki memakai pad lutut dan juga analisis apabila kaki tidak memakai
pad lutut. Kedua-dua analisis ini merangkumi beberapa sudut kaki, antaranya 0°, 45°,
90° dan akhir sekali ialah 155°. Daripada analisis yang telah dijalankan, ia
menunjukkan bahawa semasa kedudukan kaki pada sudut 90°, ia mencatatkan nilai
tekanan yang paling maksimum jika di bandingkan di antara sudut yang lain. Ini kerana
pada masa ini, ACL sudah mencapai tahap maksimum untuk berputar. Selepas fasa ini,
ACL akan berhenti berputar pada paksi, dan mula untuk membengkok sehingga ACL

mencapai tahap maksimum untuk membengkok.
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CHAPTER 1

INTRODUCTION

This chapter will describe about the background, problem statement, objectives
and scope of the study. From the background of the study, it comes out the problem
statement and from the problem statement; the purpose of this study can be identified.
This study will be based on the objective that have been determined and is limited by the

scopes.

1.1 BACKGROUND OF STUDY

Ligament is tough bands of fibrous tissues that connect between two bones. That
bone is the tibia bones and the femur bones. Knee structure is including the femur bones
(thighbone), tibia bones (shinbone), ligament, meniscus, articular cartilage, tendon and
patella (kneecap). For knee there are 4 major ligament parts which are the tibia collateral
ligament, fibular collateral ligament, anterior cruciate ligament and posterior cruciate
ligament. All of these ligaments are used to connect the bones on the knee which is the
tibia bones and the femur bones. All of this ligament, they have their own function. The
lateral collateral ligament runs on the outside of the knee. It limits sideways motion. The
medial collateral ligament runs down the inside of knee joint. It connects the femur to
the tibia and limits the sideways motion of the knee. The articular cartilage lines the
bones, cushioning your joint. The meniscus is cartilage that absorbs shock in your joint.
The posterior cruciate ligament also connects the femur and tibia. It limits backward
motion of the tibia. The anterior cruciate ligament connects the femur to the tibia in the
center of the knee. It limits rotation and the forward motion if the tibia.



More than any other joint in the body, the knee joint depends on its ligamentous
structures to maintain its integrity and act as primary stabilizers for guiding movements.
The anterior cruciate ligament (ACL) provides the primary restraint for anterior tibia
translation and valgus-valgus motion in full extension and rotation. The ACL is the most
commonly injured ligament of the body especially during sport activities and motor
vehicle accidents and therefore the biomechanics of the ACL is of interest. Based on the
anatomy and tensioning patterns of this ligament during knee flexion and extension, the
ACL can be divided into two bundles, an anteromedial (AM) bundle and a posterolateral
(PL) bundle. ACL injury was found to be the highest among others ligament. Running
and kicking is the activities that frequently can cause the ACL injury. When decelerating
in running, the hamstrings act eccentrically to slow extension at the knee, and the
quadriceps act eccentrically to control the lowering of body weight when athletes
approach a stop. In kicking activation follows ‘the soccer paradox’, which means that
flexor activity is dominant during extension and extensor activity dominates during
flexion. In fact, quadriceps activity is greatest during the loading phase when it is
antagonistic to the movement. On the other hand, hamstrings are most active during the

forward swing when they are antagonistic to the movement.

1.2 PROBLEM STATEMENT

Soccer is the most popular sport in all over the world. Its popularity has grown
through the years. As reported in 1982, this game has been played by at least 40 million
people in 150 countries. By 1992 this number of played had grown to about 200 million.
In Italy, there are about 1,200,000 affiliated players and 3,000 of them are professionals
(Volpi, 2000). Soccer is responsible for about 50% to 60% of all the sport-related
injuries (Nilsson, 1978).

The human anterior cruciate ligament (ACL) plays an essential role in
maintaining knee stability in multiple directions and is one of the most frequently
injured ligaments of the knee, especially during sport activities (Daniel et al., 1994;



Griffin et al., 2000, Speer et al., 1995). Based on the anatomy and tensioning patterns of
this ligament during knee flexion and extension, the ACL can be divided into two
bundles, an anteromedial (AM) bundle and a posterolateral (PL) bundle (Girgis et al.,
1975).

1.3 RESEARCH OBJECTIVES

The objective of this study is to develop the three dimensional (3D) of an
anterior cruciate ligament (ACL) behavior and to investigate the ACL effect for healthy
human leg with and without the knee pad during kicking the ball.

1.4  SCOPE OF RESEARCH

In order to achieve the above mentioned objective, the following scope has been drawn:

i.  Limit on the three dimensional model of ligament only.
ii.  Using only two types of kicking which is the side kick and the instep kick.
iii.  For side kick the velocity use are 14.95m/s, 17.4m/s and 19.91m/s. (source
experimental for kicking)
iv.  For instep kick the velocity use are 17.1m/s, 19.24m/s and 24.8m/s. (source
experimental for kicking)
v.  Force distribution from the soccer player equal to for side kick 165N, 191N and
218N, for instep kick 256N, 288N and 371N.
vi.  Using the stress distribution with the leg condition of 0 degree, 45 degree and 90
degree and 155 degree only.
vii.  Fixed body weight is 570N.
viii.  Player age around 22 years old.



1.5 ORGANIZATION OF THE THESIS

This final year project report is divided into five chapters. In which the chapter 1
is the introduction part, chapter 2 is the literature review part, chapter 3 is the
methodology part, chapter 4 is the result and discussion part, and chapter 5 is the

conclusion part.

In the chapter 1, it introduces the background of the study, and in addition, it
explain a simple important details in this study of material of the knee pad, and several
important information about the knee pad and also the ligament, some others factors
should be considered, problems statement that is related to the topic study, the

objectives, scope of the study, the expected results and the report arrangement.

In the chapter 2 it presents the information of the ligament which is the anterior
crucial ligament (ACL), the ACL injury, importance of the knee pad for the football
player, kneepad problems nowadays, material selection for the kneepad, designing
process, and the comparison of muscle reaction of a person that are wearing a knee pad

and the person who are not wearing

In the chapter 3 includes the all proposed design where the physical parameter,
consideration, and defect will be considered. This chapter will describe the detail of the
methodology used in this study, by modeling and simulation the ACL. There are two
sets of analysis which is the knee analysis using the knee pad and the other one is the
knee analysis without the knee pad. The dimension of the ACL and the knee used in
modeling was referred to the previous study. Besides, the parameters used to setup the
simulation of the fluid and structure was based on the literature. The whole simulation
was performed by using AUTODESK software. During the diastolic and systolic setup,
the simulation was performed in a time period of 1 second and independent parameters

like the flow and pressure variables was applied to the human knee.



In the chapter 4, in this chapter, the simulation result obtained from the analysis
on the knee joints are presented and discussed. Both of the knee sets are simulate using
same force distribution which is 474N, 768N, 909N and 977N. The finite element
method software is used to simulate the knee joint. The result in form of graph stress
values against strain was plotted. The comparison between both sets also has been
decided. As for the validation, the comparison between calculation value and simulation

value has been made.

Chapter 5 presents the conclusion being made from experiment in order to
classify the best fiber material among all of the fiber used and the also the

recommendations that can be suggested for future benefits.



CHARTER 2

LITERATURE REVIEW

In this chapter, the basic knowledge which related to the human knee will be
described. A simple explanation and introduction to the ligament especially the anterior
crucial ligament (ACL) have been presented. Besides, the common ACL disease that
related with the sport activities will be defined. The treatments for the ACL disease also
will be introduced. Moreover, fluid flow theory and the fundamental engineering
theories also will be described during simulation in this study. The simulation could be
explained by using certain of the formulae and equations. Lastly, some journals
regarding to simulation study which are highly related to this study will be summarized.
The idea and dimension used to applying in designing the ACL have been referred back

to the previous study.

21  THE LIGAMENT CHARACTERISTICS

Ligament is used as the connection between the two bones. The bones are tibia
bone and the femur bone. Ligament is the sensitive tissues that can easy to occur decease
in daily life. There is 4 major part of ligament in knee of human. The first part is the
tibia collateral ligament part. MCL is a wide, thick band of tissue that runs down the
inner part of the knee from the thighbone (femur) to a point on the shinbone (tibia) about
four to six inches from the knee. The MCL's main function is to prevent the leg from

extending too far inward, but it also helps keep the knee stable and allows it to rotate.



The second part is the fibular collateral ligament part. The fibular collateral
ligament or lateral collateral ligament is a thin band of tissue running along the outside
of the knee. It connects the thighbone (femur) to the fibula, which is the small bone of
the lower leg that turns down the side of the knee and connects to the ankle. Like the
medial collateral ligament, the lateral collateral ligament's main function is to keep the
knee stable as it moves through its full arc of motion. The third part is the anterior

cruciate ligament part.

The anterior cruciate ligament runs diagonally in the middle of the knee. It
prevents the tibia from sliding out in front of the femur, as well as provides rotational
stability to the knee. The last part is the posterior cruciate ligament. It connects the
posterior intercondylar area of the tibia to the medial condyle of the femur. This
configuration allows the PCL to resist forces pushing the tibia posteriorly relative to the

femur.

posterior cruciate

anterior cruciate X
ligament ligament
f \
lateral colleteral |} | _medial colleteral
ligament ligament
lateral miniscus T

Figure 2.1: The Knee Structure
(Source: Calmbach, 2003)



A slight stretched tendon

An unstretched tendon

Figure 2.2: Structure of un-stretched tendon and slightly stretched tendon
(Source: Hauser, 2011)

2.1.1 Tensile Response Curve
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Figure 2.3: Mechanical Behavior
(Source: Hauser, 2011)



Table 2.2: Curve description

Region Description

Region 1 “toe”  Crimp: low stiffness; change in slope as collagen fibers straighten;
ligaments become more stiff as more fibers are recruited

Region 2 Linear region: slope = stiffness/elastic modulus
Elastic: higher stiffness

Region 3 Less linear behavior; deformation is permanent (tearing, stretch);
area of micro-failure;

Ultimate load: where failure occurs (N)

Region 3a Energy absorbed to failure: area under the curve (Nmm)
Region 4 Ligament ruptures
Region 5 Ligament may appear intact; Fibers to slide under low loads

2.2 ANTERIOR CRUCIATE LIGAMENT

Figure 2.4: Anterior Cruciate Ligament
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The anterior cruciate ligament is the smallest of the four main ligaments in the

knee. Despite its size, it is the most important of the four in keeping your leg stable

when you twist your body. It connects the thighbone (femur) to the largest shinbone

(tibia) at the centre of your knee. Without the ACL, knee would wobble and move

around when you twist your body. When the shinbone and thighbone rotate too far in

opposite directions or when the knee is bent in the wrong direction the ACL can be torn

or sprained. An ACL injury is a sprain, in which the ligament is torn or stretched beyond

its normal range. In almost all cases, when the ACL is torn, it's almost always due to at

least one of the following patterns of injury:

A sudden stop, twist, pivot or change in direction at the knee joint. These knee
movements are a routine part of football, basketball, soccer, rugby, gymnastics
and skiing. For this reason, athletes who participate in these sports have an
especially high risk of ACL tears.

Extreme hyperextension of the knee. Sometimes, during athletic jumps and
landings, the knee straightens out more than it should and extends beyond its
normal range of motion, causing an ACL tear. This type of ACL injury often
occurs because of a missed dismount in gymnastics or an awkward landing in
basketball.

Direct contact. The ACL may be injured during contact sports, usually during
direct impact to the outside of the knee or lower leg. Examples are a sideways
football tackle, a misdirected soccer kick that strikes the knee or a sliding tackle

in soccer.

Often when the anterior cruciate ligament tears, you will have damage to other

ligaments most often the medial collateral ligament or the cartilage of the knee.
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0 degrees flexion 90 degrees flexion

A-A’ — Anteromedial band
B-B’ — Intermediate component
C-C' — Posterolateral aspect of ligament

Figure 2.5: ACL Flexion
(Source: Zemirline, 2009)

Like other types of sprains, ACL injuries are classified by the following grading

system:

i.  Grade I. A mild injury that causes only microscopic tears in the ACL. Although
these tiny tears may stretch the ligament out of shape, they do not affect the
overall ability of the knee joint to support your weight.

ii.  Grade Il. A moderate injury in which the ACL is partially torn. The knee can be
somewhat unstable and can "give way" periodically when you stand or walk.

iii.  Grade Ill. A severe injury in which the ACL is completely torn through and the

knee feels very unstable.
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Overall, most ACL injuries are severe Grade IlIs, with only 10% to 28% being
either Grade | or Grade Il. Currently, between 100,000 and 250,000 ACL injuries occur
each year in the United States, affecting approximately 1 out of every 3,000 Americans.
Although most of these injuries are related to athletic activities, especially contact
sports, about 75% occur without any direct contact with another player (Daniel et al.,
1994; Griffin et al., 2000 and Speer et al., 1995).

Femur —

Anterior
cruciate -
ligament

Right knee Tibia —

Figure 2.6: Anterior Cruciate Ligament

2.2.1 Symptoms of the ACL Injuries

If you tear your anterior cruciate ligament, you may have the sensation of your
knee giving out or buckling. You may even hear a popping sound. Your knee joint will
start to swell. This happens because the small blood vessels in the ligament also tear and
leak blood into the joint. The pain resulting from a torn anterior cruciate ligament varies
widely. The anterior cruciate ligament itself has no pain receptors. But the movement
that causes the ligament to tear often causes damage to other parts of the knee that do
have pain receptors. Some people are unable to walk. Others may feel they can play
through the injury. Your knee often feels as though it will give way or easily bend

backward.
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After an acute injury, you will almost always have to stop the activity you are
doing, but you may be able to walk. Other health problems can cause symptoms like
those of an ACL injury. They include a bone break or injuries to the knee cushions

(menisci) or to other ligaments in the knee.

Avulsion

Tear of the
anterior
cruciate
ligament

Figure 2.7: Tear of the Anterior Cruciate Ligament

2.2.2 ACL Surgery

Figure 2.8: The middle third of the patellar tendon has been used to make a new ACL

(running from upper left to lower right, in front of the PCL).
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The middle third of the patellar tendon has been used to make a new ACL
(running from upper left to lower right, in front of the PCL). Surgical treatment of a torn
ACL involves making a new ligament rather than trying to sew it back together, which is
usually not successful. There are many ways to make a new ACL, or reconstruct the
ACL. All of the methods involve using grafts or tissue from the patient or from a
cadaver. The most popular grafts from the patient include using the middle of the
patellar tendon or using the hamstring tendons. A variety of graft options from cadavers
exist as well. Each graft option has its own risks and benefits, and a thorough discussion

of the different grafts with the surgeon is critical.

The procedure is usually performed as an outpatient. The surgery is done mainly
through the scope with the exception of taking the graft. The surgeon will look
throughout the knee to evaluate for injury to other structures, such as the meniscus and
articular cartilage and usually treat injuries found at the same time. The patient will often
wake up from the surgery with brace as well as a device to allow cold water to flow
around the knee. How much weight the patient can put on the leg depends on the status
of other structures in the knee, especially the meniscus, as well as the preference of the

surgeon.

23 RELATION BETWEEN ACL INJURIES AND SPORT

Soccer is the most popular sport in all over the world. Its popularity has grown
through the years. As reported in FIFA 1982, this game has been played by at least 40
million people in 150 countries. By FIFA news 1992 this number of played had grown
to about 200 million. In Italy, there are about 1,200,000 affiliated players and 3,000 of
them are professionals (\Volpi, 2000). Soccer is responsible for about 50% to 60% of all
the sport-related injuries (Nilsson, Roass., 1978). Ligament injuries to knee and ankle
joint represent the most common injury in several studies. Followed by muscle strains,
muscle contusions or tendonitis depending on the study considered (Eriksson, Svensson,
1996).
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Figure 2.9: Running Activities

Football is considered a contact sport, and it puts many demands on the technical
and tactical skills of the individual player. Because of the characteristics of football,
injuries must be expected (Ekblom, 1986). Football injuries, in general, are all types of
physical damage to the body occurring in relation to football (Inklaar, 1994). Football
injury incidence is mostly expressed as the number of new football injuries per 1000
hours of exposure in football (Backous, Friedl, Smith, et al., 1988). Risks may vary with

position played or intensity and nature of activity during practice or games.

Various studies of the incidence of football injuries present different
classifications of football injuries. Differences in classification could at least partly
explain the differences in incidences found. Up until now, the most common way to

classify injury and injury severity has been through (Inklaar, 1994).

i. Anatomical tissue diagnosis,

ii. Sporting time lost,

iii. Working time lost (social and financial consequences)
\2 Insurance claims

V. Medical treatment
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ACL (anterior cruciate ligament) injuries of the knee are no longer seen only in
adults. More and more teenage athletes are showing up in the emergency rooms with
torn ACLs, and a large percentage of those injured are young female athletes (Folksam
Insurance Company, 1994). The ACL, along with the PCL (posterior cruciate ligament)
Is one of the major ligaments that help stabilize the knee joint. The ACL is most often
stretched, or torn by a sudden twisting motion while the feet remain planted (Daniel et
al., 1994; Griffin et al., 2000). The majority of ACL injuries occur when an athlete
misses a landing from a jump, pivots quickly while changing direction, or decelerates

abruptly. These movements may cause the ACL to stretch to the point of tearing.

ACL injuries occur when
bones of the leg twist
in opposite directions
under full body weight

Figure 2.10: ACL Injuries
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Figure 2.11: Kicking Activities

However, teens who participate in ACL prevention programs may greatly reduce
their risk of an injury. These prevention programs are becoming more popular in youth
sports and generally include exercises to help strengthen muscles and improve faulty
movement patterns in teens. Multiple studies have demonstrated the effectiveness of
ACL injury prevention programs.

There are a growing number of ACL injuries in young athletes who play sports
such as soccer, basketball and volleyball (Ekstrand, Gitlquist, Liljedahl, 1983).
Physicians speculate that part of the reason for the increase in ACL injuries may be
related to the year-round sports training that many teens are doing (Speer et al., 1995).
Playing sports constantly with no time off, playing multiple sports or playing field and
court sports that emphasize quick starts, stops, and pivots makes teen athletes more
susceptible to ACL tears. The risk is particularly high among athletes who play soccer,
football, volleyball, or basketball.
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Figure 2.12: ACL Torn

Figure 2.13: MRI Film

These prevention programs are made up of training drills that emphasize balance,
power and agility. Plyometric exercises and balance drills help improve neuromuscular
conditioning and reaction time and may decrease the risk of ACL injury. Many coaches
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use an ACL conditioning program, especially for their female players, as a basic part of

sports practice. These programs should include the following phases:

Vi.

Warm Up

Warming up and cooling down are a crucial part of a training program. The
purpose of the warm-up section is to allow the athlete to prepare for activity. By
warming up your muscles first, you greatly reduce the risk of injury.

Stretching

The warm up before stretching is very important to decreasing risk of injury. The
following exercises help improve range of motion, reduce stiffness, reduce post-
exercise soreness, reduce the risk of injury and improve overall mobility and
performance.

Strengthening

The strengthening phase of the program focuses on increasing leg strength. This
will lead to increased leg strength and a more stable knee joint. Technique is
everything; close attention must be paid to the performance of these exercises in
order to avoid injury.

Plyometric

Many athletes and trainers use plyometric jumping exercises to build power and
speed, improve coordination and agility and effectively improve sports
performance. It's also important to recognize that these are high risk exercises
and if performed incorrectly or performed without a solid base of training,
plyometric can increase the risk of injury.

Agility Drills

Agility skill exercises are designed to improve the power and strength in the
muscles.

Cool Down

Cooling down is essential to the program and shouldn't be skipped. It allows the
muscles that have been working hard throughout the training session to elongate

and deters the onset of muscle soreness.
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2.4 KNEEPAD

Kneepads are the protective gear worn on knees to protect the individual against
impact injury during kicking the ball activity. This actually can cause strain and stress in
the player’s joint and if this condition is often happen, the knee of the player can have
serious injuries and maybe there will be a lacking in performance for the player in
football games (Shephard, 2003). So, in order to reduce this added stress to an athletes,
the kneepad are worn so that it can give a protection to the important parts of the knee

and it also will reduce the impact that exert on the knee.

Most of the football games that have been done, the safety equipment to be used
by the athletes are not being emphasis by most of the sport organizer (Marshall et. al.,
2002). Mora, 1996 state that by wearing the kneepad, it can avoid pain and injury in any
activities. In football games, the players are most exposed to the higher risk of knee
injury, rather than the others sport. It is because, football used a lot of knee movement so
because of that footballer more exposed to get the knee injury. When the footballers are
in the games, they will usually involve in the tackling incident, wrong landing of the
knee during jumping and others (Collis and Llewellyn, 1924).

2.5 KNEEPAD MATERIAL PROPERTIES

2.5.1 Kenaf Material Properties

Kenaf also known as the Hibiscus cannabinus L is a plant that has been crop
during the season of warm annually. This material also related to cotton and jute. At
first, kenaf is used as a cordage crop, for the production of twine, rope and also
sackcloth but in this new era, kenaf is mostly used in the paper production, building
materials, absorbents and also for an animal feeds. Other than that, kenaf is now
becoming the important source for composites and other industrial applications
(Kamani, 1997).
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Figure 2.14: Kenaf Fiber

In the terms of kenaf mechanical properties, generally it has higher values of

flexural modulus and strength. Overall, mechanical test results for the sustainable

composites manufactured in the industries, it shows the values that of the usage of the

kenaf fiber a quite close to other polymer composites using nonrenewable synthetic

fibers such as glass (Aziz et al., 2003).

Table 2.2: Kenaf Fiber material properties

Parameter Value
Density 1.5 g/cm?3
Tensile Strength 930 MPa
Young Modulus 53 GPa

(Source: Rouison, 2004)

2.5.2 Coconut Pulp Fiber Material Properties

Coconut pulp or coir is a lingo-cellulosic natural fiber. It is a seed-hair fiber that can be

getting from the husk, of the coconut fruit. The coconut pulp fiber industries are well

developing in certain area of the world (Harisha, 2009). The coconut pulp fiber actually
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has its own specialties, in which it has characteristics of hard-wearing quality, durability
and others; it is chosen to be used in the productions of certain materials like floor
furnisher, yarn, rope and others. It is abundant, a renewable materials, cheap, versatile

and can actually use to make a variety of products (Satyanarayana, 1982).

ﬁ‘*«. W ‘ﬂ m
) f

Figure: 2.15: Coconut Pulp Fiber

In terms of coconut pulp fiber mechanical properties, it possesses the lowest
thermal conductivity and bulk density. The addition of coconut pulp fiber materials will
reduce the thermal conductivity of the composite specimens and produces a lightweight
product (Khedari, 2002).

Table 2.3: Coconut Pulp Fiber Material Properties

Parameter Value
Flexural Strength 38 MPa
Density 1.15-1.46 g/cm3
Young Modulus 4-6 GPa
Tensile Strength 131-220 MPa

(Source: Rouison, 2004)
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2.5.3 Palm Oil Fiber Material Properties

Figure 2.16: Palm Oil Fiber

Palm oil fiber also known as the Empty Fruit Bunches (EFB) can actually be
processed back and it can be used for the making of certain materials like the wood
plastic, erosion control, landscaping and others. Palm oil fiber is abundant and can
actually easy to get in Malaysia. It is because Malaysia is one of the biggest oil palm
makers in the world. In order to make use of this palm oil fiber, it needs to be separated,
refined and dried before it can be used. In terms of coconut pulp fiber mechanical
properties, the employment of the palm oil fiber in mat from has produced polyurethane-
empty fruit bunch (PU-EFB) composites with better properties where composite treated
fibers have a superior tensile and flexural properties than those without treatment
(Rozman, 2004).

Table 2.4: Palm Oil Fiber Material Properties

Parameter Value
Density 0.7-1.55 g/cm3
Young Modulus 3.2 GPa
Tensile Strength 248 MPa

(Source: Rouison, 2004)
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2.5.4 Saw Dust Material Properties

Figure 2.17: Saw Dust

~

Saw dust is a waste material from the timber industry and also from the wood
making work. It is produced as timber or the wood is sawn into planks at saw mills.
There are certain uses of the saw dust such as to make the fire starter, lighten the heft of
mixed cement, to absorb used turpentine and mineral spirits with it, to fill holes and

defects in wood, can be used as a mulch for landscaping, and others.

Table 2.5: Saw Dusk Material Properties

Parameter Value
Density 0.19 g/cm?3
Young Modulus 0.386 GPa
Tensile Strength 21.9 MPa

(Source: Rouison, 2004)
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2.6.1 Simulation and Experimental

Simulation against Experimental

m Simulation

m Experimental

Figure 2.18: Simulation against Experimental

The figure above shows that the differences between the simulation and the
experimental from the journal. The journal that has been studying, most of it more likely
to do the experimental analysis rather than doing the simulation analysis because of the
experimental result that we got from experiment is more accurate compare to the
simulation result. It is because of the some value that not accurate when we’re doing the
simulation things example like when we kicking the ball, for the simulation we will
applied the force regarding to the previous journal that write about the force applied but
if were doing the experimental we do not need to consider the force applied because of
the force applied from the ball is depending on the strength of the body while kicking
the ball.
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2.6.2 Kneepad

The journal that | found about the knee pad is not much. One of the journals that
I found about the kneepad said that applying the kneepad is not necessary for a
footballer. It is because of the absorb force that absorb from the knee pad is low. When
we doing the Kkicking activities, the force applied is on the leg not the knee. That why the
knee pad is not necessary to use in soccer games. But it still can use in order to avoid the

unexpected incident while playing the soccer. Like example tackle from other players.

2.6.3 Jumping and Kicking

Jumping against Kicking

= jumping

m kicking

Figure 2.19: Jumping against kicking activities

Graph show that the kicking and jumping have the same percentages that ACL
injury can occur. When we apply the kicking and jumping activities, the possibilities to
have injury is high. It is because when we kicking or jumping there will be more
posturer that will apply to it. All the body movement during kicking or jumping has the
high probabilities happen twist or change in direction. This can cause the ligament

especially the ACL to torn and injured.



CHAPTER 3

METHODOLOGY

This chapter will describe the detail of the methodology used in this study, by
modeling and simulation the ACL. There are two sets of analysis which is the knee
analysis using the knee pad and the other one is the knee analysis without the knee pad.
The dimension of the ACL and the knee used in modeling was referred to the previous
study. Besides, the parameters used to setup the simulation of the fluid and structure was
based on the literature. The whole simulation was performed by using AUTODESK
software. During the diastolic and systolic setup, the simulation was performed in a time
period of 1 second and independent parameters like the flow and pressure variables was
applied to the human knee.

3.1 DESIGN OF THE PROJECT

This final year project (FYP) being start with the title confirmation of the thesis
where the title of the thesis is being given to the students. After student get the project
title, first meeting with the supervisor has been made in order to get a briefing regarding
about their project. The identification of the key point from the project title and the
problem statement of the title given are very important to be known first, before the
objective of the project has been stated. In the objective part of the study, student has to
clearly understanding it so it’s easy for them to do the project smoothly without any
mistakes. To get known about the objective of the project, student needs to discuss with

their supervisor frequently. After that, student must identify the scope of the study of the
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research to be done. This part is really important because this scope is guiding the study
field to be much clearer and closer about the title given.

3.2 FLOW CHART OF METHODOLOGY

In this methodology part, the flow chart will be represents a process by showing
the steps of box that contains various kinds of shape like round, rectangle and also
parallelogram. All of this shape is represent each step before the project done. Inside this
shape has its own specific task and this task are linked together by every shape being
connected with the arrows. Flow chart is use as the guideline for the researcher to do the
things follow the flow of the project. It also help student to understand a process flow in
a simple understanding and also will help to visualize the whole project from the start

until the end.

On the other hand, the flow chart methodology that has been constructed is
actually related to the scope of product as a guided principal to formulate this research
successfully. It also is to ensure the achievement of the objectives being listed in this
final year project research. Besides, the flow chart also can give a guide for the research
experiment, in order for us to determine whether the task that we are doing is on the
right track. The terminology of work and planning for this research was shown in the

flow chart figure below.



Learn AUTODESK Software

v

Design the Model using the SOLIDWORK

Do the Meshing in
the Design

Design the Simulation for each model using the
AUTODESK software

v

Compute the Simulation of the Force using
the equation that have been drawn

NO

Observe the result and decide

whether the result achieve
the objectives or not.

Analvsis the result data

v

Validation

v

Conclusion

Figure 3.1: Flow Chart of the Project
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From the flow chart above it can be said that this project is start with the
introduction and ending with the conclusion. In this introduction, the clearance about the
title is has been clear here. In this introduction also, the problem statement has been state
and after the problem statement has been drawn, the objective will be come out from the
problem statement. The scope of study will be drawn based on the objective. The scope
of study will give the student a limitation from doing the research. When all of this was
being understood, the project research can be continued to a further topic in the right
track. After the introduction part was clearly understood, then the topic was further
continued to the part of the literature review, in which in this section, there are an
information that student need to find out about the details information that are related to
the project, and need to state any information about the project flow, and any research

from the past, to be used as the guideline in doing this project.

The next stage is the methodology stages. In this stage the simulation plan has
been drawn based on the understanding from the literature review that has finished
before. The calculation for each force distribution has been calculated in this chapter by
using the proper equation. Next steps are by designing the knee model that includes the
tibia bone, femur bone and also the ligament which is the ACL. This design is create in
two different sets. The first set is the knee model that complete with the blood and skin
and for another set is the complete knee with blood, skin and the kneepad. After finished
the designing the knee, the simulation analysis has been done using the CAD software
which is the AUTODESK software. The parameter for each part has been installed, the
boundary condition has been defined and also the force distribution has been exerting on

certain part on the knee.

After the simulation analysis process was finished, the data that get from the
analysis has been analyzed using the Microsoft Excel software. Using this software the
graph of stress against strain has been plotted based on each force distribution that has
been applied and if the data that has been get from the simulation is not valid, the
analysis has to been done again until the data that get from the simulation is valid. After
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the result has obtained, it is then being compared between bot of the sets. From
comparing both of this set, we can identify which sets are better for the footballer to be
used. Next step is conclusion and recommendation also being made for the future

benefits in doing the project.

3.3 DESIGNING THE KNEE MODEL USING SOLIDWORK

SolidWork is the CAD software that used to design the three dimension model.
For this research | have design one knee model which is including the femur bones and
also the tibia bone. After that, | design the ligament which is the ACL. The design for
ACL 1 also include the Anteromedial (AM) bundle and the Posterior (PL) bundle part.
The AM bundle is the front part of the ligament and for the PL bundle; the part is at the
back of the ligament. The dimension that used in this 3D model is same with the Asian
human bones size. After the entire model finished, | assemble all the part into one part.
By assemble all the part, the knee model for our analysis is completely finished. For this
study I have been decide to use four different angle of flexion. The angle of flexion is 0°,

45° 90° and 155°.

LINE, TANGENT Choose
Start Solidwork ARC, CIRCLE FEATURE
used for drawing
L] [ L]
[ ) [ ) [ REVOLVE, )
. CIRCULAR
'Agteg'gf ,(lnéw Choose SKETCH PATTERN
EXTRUDED CUT
L ) L ) | to make a 3D model )
) L] X ) [ . ) L] .
Select the TOP Save the drawing
Choose Part and PLANE at in IGES file so
select OK FEATURE that could be used
MANAGER for AUTODESK

Figure 3.2: Solidwork Modeling Process Chart
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Table 3.1: The Knee Part

Femur bone is placed at the upper part of

the knee which is at the thighbone.

Tibia bone is placed at the lower part of

the knee which is at the shinbone.

ACL is the ligament that placed at between
of the femur bone and the tibia bone. This
ligament is divided into two bundles. The
first bundle is the AM bundle (front side)
and the second bundle is the PL bundle
(back side).

Skin is the outer part of the knee.
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Kneepad is install at the skin which is at

the outer of the knee. Kneepad is used as

Blood is installed between the skin and the the absorber to absorb the force that exert

bone. on the knee.

34  SIMULATION

After finished with modeling the knee, this knee will analyze using the finite
element method analysis (FEMPRO). AUTODESK is the software that will be used to
run this analysis. AUTODESK is using to analyze the model and to determine the defect
on the model when we applied the load. Reason choosing the AUTODESK as the third
party to do the simulation is because of the function of the AUTODESK itself. It is
because AUTODESK is mostly used to analyze the compression things. It’s differing
from other simulation software like ADINA. Function of ADINA is more to analyze the

flow of the part.

My title for final year project asked me to analyze the behavior of the ligament
with the knee pad and without the knee pad. So, from the title given | have come out
with two sets of analyze. The first analysis is it to do the simulation using the knee pads.
This analysis is including simulation in certain flexion angle while kicking the ball. The
other analysis is to do the simulation without using the knee pads. This simulation

analysis also will be run in certain angle of flexion after kicking the ball. The angle
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involve are the 0° flexion, 45° flexion, 90° flexion, 155° flexion. This entire angle is
taking based on the body posture when soccer player want to kicking the ball.

open file Solidwork . . Record value of
. start the simulation -
using Autodesk maximum stress that

. . using Run Simulation
simulation software 8 occur at the structure

\ S \ S \ S

( N ( N ( N

for this meshing type,

all the material the standard size of

Record and compare

properties was , the result for each
. . meshing have been
applied on this stage model
used
\ J \ J \ J
4 N 4 N
Put the forces
distribution equal to start the meshing
the force distribution process
for each subject
\ J \ J

Figure 3.3: AUTODESK Analysis Process Chart

3.4.1 Numerical Simulation

In this project, the drawing of the knee was considered as a rigid body. The knee
model will remain in its original shape and deformation is neglected during running and
kicking in the simulation. The simulation mainly to investigate the effect of the
displacement changes on the ligament and investigate in what condition the ligament
disease occurs. For this study, there will be two types of kicking will be analyze. The
first type is the side kick type and the second is the instep kick. The different for both of
this type of kicking is the force that exert on the knee.
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Figure 3.5: Instep Kicking

For the side kick and instep Kick there will be different angle of kicking. For side kick
the angle is about 10 degree from the ball but 75 degree to the knee.



The force distribution for this type of kicking is calculated using the formula of the

resultant force. The data of the ball velocity is get from the experimental that been done

before.

Figure 3.6: Side Kick Angle

Table 3.2: Ball Speed for Each Subject

Type of Kicking Side Kicking
Subject 1 2 3
No. of Trial 1 2 3 1 2 3 1 2 3
Ball Velocity (m/s) 15.54 | 14.19 | 15.12 | 16.95 | 18.35 | 16.89 | 19.09 | 18.53 | 21.11

From the table above the average ball speed for each subject have been calculate. The

average for each subject have been calculate using this equation.

1.
AM = E;C&g

_aitat-ota,

T
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Table 3.3: Average Ball Speed for Each Subject

Type of Kicking Side Kicking
Subject 1 2 3
Average Ball Velocity (m/s) 14.95 17.40 19.91

From the velocity of the ball, we can calculate the force that exert from the ball.

For subject 1 ball velocity 14.95 m/s.

Knowing that,
) velocity of the ball
Acceleration,a = —— - -
minimum time of impact
_ 1495ms™!

= 001s

a = 1495 ms~?
So,

Force, F = mass of the ball X acceleration of the ball
F = 0.43 (1495)
F =64285N = 643N

So from the force, we calculate the force distribution on the knee.
Knowing from the figure 3.7, the angle distribution on the ball is 10 degree.
So,

Resultan force on x-axis

F, = F cos 10°
F, = 643N cos 10°
E. = 633.23N
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For this situation we consider the third newton’s law. Third newton’s law state that when
one body exert a force on a second body, the second body simultaneously exerts a force
equal in magnitude and opposite in direction to that of the first body.

From the figure 3.7, the angle between the ball and the knee is 75 degree.

So,

Finee = 633.23N cos 75
Finee = 163.89N =~ 164N

For the subject 2 and 3, the calculation for force distribution same with the subject 1.

Table 3.4: Ball Force and Force Distribution

Type of Kicking Side Kicking
Subject 1 2 3
Force (N) 643 748 856
Force Distributed (N) 164 191 218

For the instep kicking type the angle is different from the side kicking type. For instep
we using angle knee

Figure 3.7: Instep Kick Angle
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The force distribution for this type of kicking is calculated using the formula of the
resultant force. The data of the ball velocity is get from the experimental that been done
before. After calculate the average of the ball speed, the ball force for each subject will
be calculated. From the force of the ball, the distribution force will be calculated using
the angle that showed on figure 3.8. This data will be used as the force that will be
exerting on the knee went analyze the simulation of the knee.

The average of the ball speed will be calculate using this equation

AM = lza_i:a'l+a-2+-..+a_n.

vz n

Table 3.5: Ball Speed for Each Subject

Type of Kicking Instep Kicking
Subject 1 2 3
No. of Trial 1 2 3 1 2 3 1 2 3

Ball Velocity (m/s) 16.27 | 18.54 | 16.50 | 20.97 | 20.06 | 16.69 | 24.89 | 24.23 | 25.27

Table 3.6: Average Ball Speed for Each Subject

Type of Kicking Instep Kicking
Subject 1 2 3
Average Ball Velocity (m/s) 17.10 19.24 24.80

When the average ball speed been calculate, the force of the ball and the force
distribution of the ball will be calculate using the same equation as before but different
in angle taken. This angle was taken from the experiment that has been done before.

For subject 1 ball velocity 17.10 m/s.
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Knowing that,
) velocity of the ball
Acceleration,a = —— - -
minimum time of impact
_171ms™!

=7 001s

a=1710ms™?
So,

Force, F = mass of the ball X acceleration of the ball
F =0.43 (1710)
F=7353N

So from the force, we calculate the force distribution on the knee.
Knowing from the figure 3.7, the angle distribution on the ball is 10 degree.
So,

Resultan force on x-axis

F. = Fcos10
F, = 735.3N cos 10"
E.=724.13N

For this situation we consider the third newton’s law. Third newton’s law state that when
one body exert a force on a second body, the second body simultaneously exerts a force

equal in magnitude and opposite in direction to that of the first body.

Because of the instep kicking type, we need to considered the angle of the sole.
So for this case, the angleof the sole is 45 degree. So from the resultant force that been

calculate before, the resultant force for the sole will be calculate.
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F,4 = E, cos 45°
Fy; = 724.13N cos 45

F.. =512.04N

When the resultant of the sole have been calculate, the force distribution on the knee will
be calculate.
So,

Finee = 512.04 cos 60

Frnee = 256.02N =~ 256N

For the subject 2 and 3, the calculation for force distribution same with the subject 1.

Table 3.7: Ball Force and Force Distribution

Type of Kicking Instep Kicking
Subject 1 2 3
Force (N) 735.30 827.30 1066.40
Force Distributed (N) 256 288 371

3.4.2 Material Selection (Anterior Crucial Ligament)

3.4.2.1 Fibroblasts

Cells in ligament called as the fibroblasts. National Human Genome Research
Institute said that a fibroblast is a type of cell that synthesizes the extracellular matrix
and collagen, the structural framework (stroma) for animal tissues, and plays a critical
role in wound healing. Fibroblasts are the most common cells of connective tissue in

animals.
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3.4.2.2 Component in the ligament

Table 3.8: Component in Ligament

Component Ligament
Cellular materials
Fibroblasts 20 %
Extracellular
Water 60-80 %
Solids 20-40 %
Collagen 70-80 %
Type | 90 %
Type Il 10 %
Ground substance 20-30 %
Elastin Up to 2x collagen

3.4.3 Parameter Setup

Table 3.9: Material Properties for Knee

Ligament (ACL) Young Modulus 11000 MPa
Poisson Ratio 0.4

Femur Bone Young Modulus 20000 MPa
Poisson Ratio 0.2

Tibia Bone Young Modulus 14000 MPa
Poisson Ratio 0.2

Skin Young Modulus 200 kPa
Poisson Ratio 0.49

Blood Young Modulus 3.5X1073 Pa
Poisson Ratio 0.49
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Table 3.10: Material Properties for each Kneepad

Kenaf Density 15 g/cm3
Tensile Strength 930 MPa
Young Modulus 53 GPa
Coconut Fiber Density 1.46 g/cm?3
Tensile Strength 6 MPa
Young Modulus 220 MPa
Palm Oil Fiber Density 1.55 g/cm3
Tensile Strength 3.2 GPa
Young Modulus 248 MPa
Saw Dusk Density 0.19 g/cm3
Tensile Strength 0.386 GPa
Young Modulus 21.9 MPa

3.5 MESHING

Meshing process used to be the one of most important step to determine the
accuracy of result obtained in simulation. In our study, Arbitrary Lagrange Euler (ALE)
mesh was used during the setup in simulation. Hart et al (2003) stated that to solve the
multidimensional such as two-dimensional numerical simulation problems which
involved fluid dynamics and nonlinear solid mechanics, it always required coping with
strong distortions of the continuum under consideration while allowing for a clear
delineation of fluid—fluid, solid-solid, or fluid—structure interfaces (J. Donea, Antonio
Huerta, J.-Ph. Ponthot and A. Rodr 1guez-Ferran 2004).

In the ALE explanation, the nodes in the computational mesh could be moved
either with the continuum in normal Lagrangian fashion or be held fixed in Eulerian
method. In Lagrangian method, it stated that each individual node in the computational

mesh follows the associated material particle during movements, which usually apply in
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the structural mechanism. The disadvantage for Lagrangian method is it unable to apply
during large distortions of the computational domain without depends on redo meshing
operations. Furthermore, Eulerian method is widely applied in fluid dynamics where the
mesh is fixed and continuum moves with respect to the grid. It is different with
Lagrangian method where it could handle with large distortions in the continuum
motion.



CHARTER 4

RESULT AND DISCUSSION

In this chapter, the simulation result obtained from the analysis on the knee joints
are presented and discussed. Both of the knee sets are simulate using same force
distribution which is 474N, 768N, 909N and 977N. The finite element method software
IS used to simulate the knee joint. The result in form of graph stress values against strain
was plotted. The comparison between both sets also has been decided. As for the
validation, the comparison between calculation value and simulation value has been

made.

41  SIMULATION RESULT

Finite Element Analysis (FEA) provides a reliable numerical technique for
analyzing engineering designs. The process starts with the creation of a geometric
model. Then, the program subdivides the model into small pieces of simple of simple
shapes (elements) connected at common points (nodes). Finite element analysis

programs look at the model as a network of discrete interconnected elements.

The Finite Element Method (FEM) predicts the behavior of the model by
manipulating the information obtained from all the elements making up the model.
Meshing is a very crucial step in design analysis. The automatic mesher generates a
mesh based on a global element size, tolerance, and local mesh control specifications.

Mesh control lets specify different sizes of elements for components, faces, edges, and
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vertices. Before redraw the knee joint, it needs to be measure from a real thing of knee
joint and also get the actual size of the knee part.

42  DESIGN STUDIES.

A model is usually subjected to different service environments and operational
conditions during its life. It is therefore important to consider all possible scenarios of
loads and boundary conditions and try different material properties in the analysis of a

model.

i.  Designs are defined by some factors:

ii.  Model dimensions
lii.  Study type and related options to define the analysis intent
iv.  Material properties

v. Loads and tangential load

43 STUDY TYPES

Static Studies has been used in this project. A static study is about calculate
displacements, reaction forces, strains, and also stresses. Material fails at locations

where the stresses exceed a certain level.
4.4 MATERIAL MODELS

A material model describes the stress-strain relation for a material. A linear
elastic material model describes the elastic behavior of a material in the linear range.

The material dialog box offers two types of material models:

i.  Linear Elastic Isotropic

ii.  Linear Elastic Orthotropic
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45  SIMULATION RESULT FOR KNEE WITHOUT THE KNEEPAD

4.5.1 Simulation result for Odegree flexion.
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Figure 4.1: Result for Odegree flexion

The graph shows the distribution of the force for six different force distributions
at the joint. It can be seen that the maximum stress value is occur at force distribution
equal to 371N which is 100.0317872 N/mm2. The results are taken with the forces from
164N until 371N base on the velocity that gets from experimental. These forces
supposed to divide into two categories which are the instep kick and also side kick. The
different between these two types of kicking is only the force distribution. So for the

analysis, there will be no different between these two kinds of kicking.
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It shows that, the ligament was most affected when high force distribution
applies to it. From the graph the highest value of stress occur when 371N which is the
highest force apply to it and for the lowest stress value occur at the lowest force
distribution applied to knee which is 164N. The different of stress occurs is highly due
to the different force applied on the knee joint. It clearly state that, the highest stress
value for 371N was 100.0317872 N/mm2 and the highest stress value of 164N is
44.21905184 N/mm2.

Theoretically, more force applied on knee joint, more stress value will occur. The
high stress value occur, the ligament will have high possibility to occur injury it is

because the ligament only can accept the certain value of force exert on it.
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Figure 4.2: Average Graph for Odegree Flexion
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The graph shows the average graph for each force distribution on knee. The data
Is get from the average equation for each node. In this graph, the regression line was
created. From the regression line, the equation will be created. The equation of
regression line will be used as the validation for the simulation result. The number of

certain node will be applied at the equation and the stress value will be calculated.

The graph of stress value of simulation data and calculation data will be
calculated and the error between both graphs will be calculated. Form result obviously
shows that the stress values that get from the calculation will be not same with the
simulation data but the value is approximate to the simulation. So because of the
calculation data is almost the same with the simulation data, so the data form the

simulation was valid and can be used.

4.5.2 Simulation result for 45degree flexion.
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Figure 4.3: Result for 45degree Flexion
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According to the graph, the stress values of the knee joint increase linearly
according to the increasing force distribution. The stress graph actually shows how the
stress of the ligament effect when the force distribution was increase. The graph shows
the maximum and minimum value of stress for each force distribution. Overall stress
value, the maximum stress value was 242.4861552 N/mm2 which is at force distribution
equal to 371N and the minimum stress value was 2.655303375 N/mm2 which is for

force distribution equal to 164N.

With this result, it can be told that between these two types of kicking there will
be no different for ligament because the different between these two types only at the
force distribution. It means that, whether each of these types of kicking is used, injury
still can occur to the ligament. If the force exert on knee is high; whether side kick or

instep kick, it still will occur injury.
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Figure 4.4: Average Graph for 45degree Flexion
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The above graph shows the average graph for 45degree knee flexion. The
average data was get from the calculation of the average of each stress value for each
force distribution. From the data that have been calculate, this graph was created. This
graph will be used as the comparison between each angle of flexion use during the
kicking activities. The equation for validate the stress values vas create by created the
regression line from this average data.

From the equation that has been create, the x value is the nodes number and for
the y value is the stress values. To validate the stress value, the certain nodes number
will be substitute into this equation and the stress value will be produced from this
equation. The different between these two stress values is not far. The gaps between
these two values is not that big and because of that, the stress values that get from the

simulation can be consider as valid and can be used.

4.5.3 Simulation result for 90degree flexion.
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Figure 4.5: Result for 90degree Flexion
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The graph shows the stress value result that gets from the simulation of 90degree
of knee flexion which being used versus with the nodes number. The simulation is done
by six different force exert on the knee. This force get base on two different types of
kicking which is the side kicking and instep kicking. It can be seen that the highest stress
was shows at force distribution equal to 371N and the lowest stress value was at force
distribution equal to 164N.

This is same with other angle flexion which shows that the force is directly
proportional to the stress values. The maximum stress value is 1257.945879 N/mm?2
which occur at 371N and the minimum stress value is 13.63066992 N/mmz2 which is
occur at 164N. With these results, it can be concluded that when a bigger force is
applied, the stress values might pass through the necking and fracture. Therefore, this
could be stopped by understanding the maximum stress value that ligament can extend
until it reach its limit before the ligament is injured.
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Figure 4.6: Average Graph for 90degree Flexion
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The above graph was created so the regression line can be created to calculate
the new stress value based on the node number. From the stress values get from the
calculation, this value will be compared to the simulation data. When comparing these
two data, we can conclude that the different between these two data is slightly differing

and because of that, the data that get from the simulation is considered as valid.

From the equation, the x values are the node number and for the y values are the
stress values. To calculate the stress value which is y, the number of nodes will be
substitute into the equation. So when the stress value was get, that values will be
compared to the simulation data to validate whether the simulation data can be used or
not. This data also will identified whether the equation that been created can be used or

not to identify the next number of nodes.

45.4 Simulation result for 155degree flexion.
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Figure 4.7: Result for 155degree Flexion
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The graph above shows the graph stress against the number of nodes. From this
graph it was cleared that the maximum stress occur when 371N of force distribution
exert on the knee joint and for the minimum stress occur when force distribution occur at
164N. From this graph, it shows that the highest the value of force distribution, the
highest stress value occur at ligament.

The ligament has its own limit that it can sustain. If it’s reach its limitation, the
ligament have high possibility to occur injury that can abandon the footballer players. To
avoid this from happening, the player should avoid some unexpected force that to high
so the knee will not get any injuries and also it can avoid the ligament from fracture of
torn. Most of the footballer player that get this injury which is the ligament injury, they
maybe will not able to continue their passion in football field. People need to alert and
know that the internal compartment in our body is so sensitive and it’s hard to recover

when one of it injured.
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Figure 4.8: Average Graph for 155degree Flexion
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The graph shows the average of the stress value for 155degree flexion for each
force distribution. Reason for plotted this graph was to create the regression line that will
be used to form an equation that will be used later for validation part. The equation that
produced from this regression line will be used to calculate the new stress value based
on the nodes number for each node. This stress values after that will be compare each

other with the simulation stress values.

The differences between these two stress values can define whether the
simulation data was valid or not to be used. It also can identified whether the equation
that form from the regression line can be used or not to identify the new stress value for
new nodes number. The equation is creating so it’s easy to the reader to identify the
stress value for certain nodes number around the knee joint including around the

ligament itself.

46  SIMULATION RESULT FOR KNEE WITH THE KNEEPAD

4.6.1 Simulation result for VVon Stress analysis (material: Kenaf)
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Figure 4.9: Graph Maximum Von Stress Values vs. Force Distribution
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The graph shows the distribution of the stress for four different types of knee
flexion. It can see that from that graph stress versus force retrieved from the finite
element software is reaction every each knee angle from stress to force. The results are
taken with force distribution from 474N until 977N. This is because; the maximum force
that the footballer can attend force. It shows that our knee cannot accept the force more
than that range of force. More than that force can cause them to get serious injuries. It

also can cause the performance of the footballer will down.

It shows that, with the same amount of force, the least stress affect to the knee
angle of flexion is from knee angle of 45degree which is about 11309.35 N/m2 from
force distribution equal to 977N and it became decreased to 1393.899 N/m2 at force
distribution of 474N. It is clearly shown that, the force is directly proportional with the
von stress. From the graph, more force exert on the knee joint, the maximum stress will
be increased. So, from the graph we can conclude that the maximum stress value is

affected by the force distribution that exert on it.
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Figure 4.10: Maximum Stress vs. Strain for angle of flexion equal to Odegree
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The graph above shows the maximum stress versus maximum strain for angle of
flexion equal to Odegree. It shows that, with the different value that got from the analysis
finite element method, the graph of force distribution above shows that the highest value
of stress is at strain value equal to 1.95E-5 and the lowest goes at the strain point 9.48E-
6.
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Figure 4.11: Maximum Displacement vs. Force Distribution Graph for each angle of

knee flexion.

Graph above shows the comparison result for the maximum displacement versus
the force distribution for each angle of flexion. From the graph above, it clearly shows
that the maximum displacement occur at the knee flexion equal to 155° and for the
lowest displacement occur at the 0° flexion. At 0° flexion, the ligament is not stretch it at
its steady state which means the ligament is the full extension. For the 155° the ligament
is stretch more rather than when ligament at the full extension. At this point, the
ligament used to be a full flexion. Full flexion means the knee maximum flexion that can

reach.



4.6.2 Simulation result for Von Stress analysis (material: Coconut)
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Figure 4.12: Graph Maximum Von Stress Values vs. Force Distribution

According to the graph, the stress values of the knee joint increase linearly

according to the increasing force distribution. The stress graph actually shows how the

stress of the ligament effect when the force distribution was increase. The graph shows

the maximum and minimum value of stress for each force distribution. Overall stress

value, the maximum stress value was occur at the 155° of knee flexion and for the

lowest is it happen at the 45° of flexion.

The ligament has its own limit that it can sustain. If it’s reach its limitation, the

ligament have high possibility to occur injury that can abandon the footballer players. To
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avoid this from happening, the player should avoid some unexpected force that to high
so the knee will not get any injuries and also it can avoid the ligament from fracture or
torn. Most of the footballer player that get this injury which is the ligament injury, they
maybe will not able to continue their passion in football field. People need to alert and
know that the internal compartment in our body is so sensitive and it’s hard to recover

when one of it injured.
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Figure 4.13: Maximum Stress vs. Strain for angle of flexion equal to 45degree

The graph above shows the maximum stress versus maximum strain for angle of
flexion equal to 45degree. It clearly shows that, with the different value that got from the
analysis finite element method, the graph of force distribution above shows that the
highest value of stress 1024.973 N/m2 and for the lowest is 498.1219 N/m2. From the

graph, the regression line has been made to simplify the graph pattern. From the
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regression line, the equation of the linear line has been made. This equation is used to

identify for the next strain value or stress value.
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Figure 4.14: Maximum Displacement vs. Force Distribution Graph for each angle of

knee flexion.

Graph above show the result for the maximum displacement versus the force

distribution for each angle of flexion. Same as the graph for kenaf kneepad, the

maximum occur at 155°nd the minimum occur at 0° of flexion. As shown at the graph,

the displacement of the ligament is affected by the force distributions that occur at it.

Higher the force distribution that means higher displacement has occurred. It can

simplify that the displacement of the ligament is directly proportional to the force

distribution that has been applied.



4.6.3 Simulation result for Von Stress analysis (material: Palm Oil)
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Figure 4.15: Graph Maximum Von Stress Values vs. Force Distribution

Graph above shows the comparison between stress and the force distribution for

each knee flexion. This graph was plotted so that the different stress that recorded from

the simulation can be seen through this graph. From the graph, it clearly shows that the

different between each of the angle of flexion is not that differ. The maximum stress

occurs at the angle knee flexion equal to 155° and for the lowest it occurs at 0°.

Theoretically, more force applied on knee joint, more stress value will occur. The

high stress value occur, the ligament will have high possibility to occur injury it is

because the ligament only can accept the certain value of force exert on it.
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Maximum Stress vs Maximum Strain
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Figure 4.16: Maximum Stress vs. Strain for angle of flexion equal to 90degree

Graph above shows the result of the stress versus strain for angle flexion equal to
90degree. From the graph, it can be conclude that the stress is affected by the value of
strain. Higher stress values means, higher strain values. From the graph, there is a
equation which is gets from the regression line that has been made as a simplified from
the actual graph. This equation is used to identify the next value for stress or strain.
From the equation, it can be conclude that the stress value is affected about 485.09 value

of strain.
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Maximum Displacement vs force
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Figure 4.17: Maximum Displacement vs. Force Distribution Graph for each angle of

knee flexion.

From the graph above it clearly shows that the maximum displacement occurs at
the angle of 155° of flexion and for the lowest displacement occur at 0° of flexion. It
shows from the graph that the displacement is affected by the force distribution that
exert on it. It can be concluded that the displacement is directly proportional to the force

distribution for each angle of flexion.
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4.6.4 Simulation result for Von Stress analysis (material: Saw Dusk)
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Figure 4.18: Graph Maximum Von Stress Values vs. Force Distribution

Graph show the graph of stress versus force for each angle of flexion. From the
graph, it clearly shows that the maximum stress occur at 155° and for the lowest stress
occur at 0° of flexion. The force distribution that has been used is only used to see the
pattern of the graph and to identify whether the stress effected by the force or not. So,
from the data that has been got from the simulation, we can conclude that the force
distribution effect the stress value. Higher force distribution exert on knee means higher

stress value will be recorded.
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Maximum Stress vs Maximum Strain
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Figure 4.19: Maximum Stress vs. Strain for angle of flexion equal to 155degree
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Figure 4.20: Maximum Displacement vs. Force Distribution Graph for each angle of

knee flexion.

Graph above shows the graph of the stress versus strain and another graph show the

result for the maximum displacement versus the force distribution. For graph stress
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versus strain, we can conclude that the higher stress values mean higher strain values.
The stress values act directly proportional to the strain value. For that graph the
regression line has been plotted and the regression equation has been made. Reason for
this equation making is too easy for us to identify the next stress value or the next strain

value.

For the second graph, it clearly shows that the displacement at 155° angle of
flexion recorded the highest values and for the 0° angle of flexion recorded the lowest
values. It is because at the 0° of knee flexion, the ligament is at it steady state which is
the full extension state or in other words it called as the rest state. For the 155° of knee
flexion, the knee is at the maximum states that it can undergo flexion. at this point the
position called as the full flexion which means this is the last angle that human knee can
undergo.

4.7 NUMERICAL CALCULATION

This numerical calculation is calculated to do the validation part. The reason by doing
this numerical calculation is so the error between the calculation and the simulation data
can be identified. So by doing this method, we can identify whether the data that we get

from the simulation is valid or not.
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4.7.1 Galerkin analysis

By assuming the ACL as a beam,

Vs VA
¢1:m1A1 AR ; @,, m,
€ T >
fiy, V1 f2y, V2

Figure 4.21: Beam element with Positive Nodal Displacements, Rotations, Forces and

Moments.
W)
o | Y | M+am
dx v
v V+av

Figure 4.22: Differential Beam Element
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From the force and moment equilibrium of a differential element of the beam, we have
26, =0V —-(V+dV)-wkx)dx =0 4.1.1a
Or, simplifying equation 4.1, we obtain

av 1.
—wdx —dV =00rw=—— 4.1.1b
dx

IM, = 0; —Vdx +dM + w(x)dx (5) = 0 or v =1 4.1.1c

The final form of equation 4.1.1c, relating the shear force due to the bending moment, is
obtained by dividing the left equation by dx and then taking the limit of the equation as
dx approaches 0. The w(x) term then disappears.

Also, the curvature k of the beam is related to the moment by

1 M 4.1.1d
p E

~

Where p is the radius of the deflected curve, v is the transverse displacement function in
the y direction, E is the modulus of elasticity and I is the principle moment of inertia
about the z axis.

The curvature for small slopes @ = dv/dx is given by

d%v 4.1.1e
K= dx?

Using equation 4.1.1e in 4.1.1d, we obtain

d>v M 4.1.1f

dx?  El



Solving the equation 4.1.1f for M and substituting this result into 4.1.1c and 4.1.1b

d? ( d2v> 4.1.1g
dx?

Iz = —w(x)

For constant El and only nodal forces and moment, equation 4.1.1g becomes

El d*v —0 4.1.1h
dx*

Assume the transverse displacement variation through the element the element length
to be

v(x) = a1 x> + ax? + azx + ay 412
We express v function of the nodal degrees of freedom v, v,, @,, @, as follows:

v(0) =v; = a,

dv(0)
dx =¥ =as
U(L) =V, = a1L3 + asz + a3L + ay 413
dv(L) 5
dx = @2 = 3a1L + 2a2L + a3

Where @ = dv/dx for the assumed small rotation @. Solving equation 4.1.3 for
a, through a, in term of the nodal degrees of freedom and substituting into equation

4.1.2, we have

2 1 3 1 414
v =[S =) + 0+ 8| X0 + |- - ) — 7 20, + 8|

+ 0x + v
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In matrix form, we express equation 4.1.4 as

v = [N|{d}
Where
U1
1)
=1,
?,
And where
[N] = [N1 N; N3 N4]
And

Ny = = (2x° = 3x2L + I?) Ny = = (3L — 2x21% + x1?)

N, = = (—2x3 + 3x2L) N, = - (3L — x2L7)

Integrate the equation 4.1.1h, we get

L LA D L +f1v51d2vd
P\ " 2 i\ e Bz

The integration by part shows that the highest order is on 3 order

w® =qa+ bx + cx? + dx3 + -
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415

4.1.6a

4.1.6b

4.1.7

4.1.8

419

The beam is divided into 2 point which is point 1 and point 2, so from the equation

4.1.9, we get
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w =a+ bx + cx? + dx3 4.1.10
w' = b+ 2c + 3dx?
w;=a
w, = a + bh + ch? + dh3
w' =b

wh = b + 2ch + 3dR?

In form of matrix, equation 4.1.10 will become

100 017,a Wy 4.1.11
010 O01])b !
e w e (= w, (= Alawm
0 1 2h 3n2] \d w'y
So,
{a} = [A]{v}
Shown earlier that,
th d Eldzv + pA 0%y F—Fy5 dx =0 4112
. i(x)dxw( dxz) pA\ 753 00(x — xp)dx =

Therefore,
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dx?

h dzv 4.1.13
f N".(x)| El— | dx
0

h
+ f PA{N}[F + Fy6(x — xo)dx
0

(N, (Elv©")' (N, (EIv©")

N, (Elv®") N, (EIv@©"Y
4

N (ETv®©")’ N'3(EIv@")

(e @[] (Wa(E©")

h
+f {N}[F + Fy64(x — xo)dx
0

h . h 4114
f PAINYINTdx (7)) + f AN} N ]dx(v}@®)
0 0

S1 0

0 —-M h
= + L+ f {N}[F + Fy6(x — xo)]dx
_SZ 0 0
0 M,

v = [N] {U}(ne)

S, = (EIv®@"y’
1= (Elv )|x=0

By assuming that the first function in equation 4.1.14 as [M] and second function as
[k]. Thus,

-S, 4.1.15
-M
(MO + [k} = (P} +4 o7
M,
N ) 4.1.16
h "
[k]© = f EI { N,,Zl +{N"; N"; N"3 N"}dx
0 N"3

Ww,)
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N2 NNy NyN3 NN, 4.1.17
- [ 5

. B|N;N, NsN, N2 N3N, |
NyN; N4N; N,N; N

0 12 6l —-12 6l 4.1.18
[k](e):f El 412 —6l 212
o 1B 12 -6l
sym 4]?

When the femur is fixed at the point v, will be zero. Thus the equation will be,

[k](e)=ﬂ 12 -6l 4.1.19
13l-6l 41*

Knowing that the formula for force is F = kx, so we rewrite back the equation
4.1.19, we get

x] ~ 1Bl—6l 412

[F](E) El;12 —é6l 4.1.20
Where the force will be the distribution force used, E will be the modulus of
elasticity, and the length of ACL will be 0.103m.

4.7.2 Numerical Validation using Galerkin Analysis

By using the equation 4.1.20,

19 El12  —el 4.1.20
[ ] S Bl-6l 412

X

From the data that we get form previous journal, we will calculate the values for error

using the equation 4.1.20
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Table 4.1: Data used for Calculation

Data

Value

Distribution Force

Modulus of Elasticity, E

474N, 768N, 909N and 977N
11000 MPa (ACL)

Length, [ 0.103m
Moment of Inertia, | 2.1627e-8m*

Sample calculation for 371N force,

371y  Elyp12 —6l]{772}

0) Bl-el 41?llp,

371 _(11x109)(2.1627x10—6)[ 12 —6(0.103)]{172}

0J)" (0.103)3 —6(0.103)  4(0.103)%] g,
371
T = 2177)6106[12172]
v, = 1.42x107°

Table 4.2: Percentages Error between Calculation and Without Kneepad Data

Force (N) Strain (m/m)

Calculation Without Kneepad Percentages Error
474.5570 1.82x10°° 5.47x1077 69.95
767.8874 2.94x107° 8.85x1077 69.90
909.4966 3.48x10°° 1.05x107° 69.83
976.5417 3.74x107° 1.13x107° 69.79
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Maximum Strain vs Force

6.00E-06

5.00E-06 /T/T
3.00E-06
== Simulation
2.00E-06 ==@==Calculation
. e

1.00E-06

Strain (m/m)

0.00E+00
474 768 909 977

Force (N)

Figure 4.23: Graph of Comparison between Simulation Data and Calculation Data

The table and graph above shows the error analysis between the calculation data
and the simulation data. The distribution that used in this study is 474N, 768N, 909N
and 977N. The numerical calculation was the values which are retrieved from the

equation which is generated from equation 4.1.20.



CHARTER 5

CONCLUSION AND RECOMMENDATION

In this chapter, a conclusion is made which summaries the whole part of this
study and also included the suitable recommendation which can be implemented to
improve more so that the development and study could help others in many ways. The
conclusion of this paper will refer back to the objective of the study where it will discuss
whether the target is achieved or not achieved. Besides that, by learning the negative
parts of the development, better recommendation could be taken which will improvise

the scopes of the study and also the limitations, giving a better result in the future.

51 CONCLUSION

In conclusion, the final analysis is presented which follow as the objectives of
this paper which is to analyze the ligament behavior for healthy human leg with or
without kneepad after kicking the ball activities. For the Finite Element Method
simulation result clearly shows that the highest angle flexion that can occur injured is at
90degree flexion. It shows that at this point, the ligament is so sensitive with its

environment. Any wrong step, injury can occur.

For the first and second knee model, the result is still the same. The highest stress
values occur at the 90degree flexion. It is because of the condition of the ligament itself.
The ligament at this point has reached its final twisting stage. After this point, the

ligament will not twisting anymore, but it will start to bend until it reach a bending limit.
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The kneepad that is suitable to be used by the football player is the knee pad that
possess the characteristics of absorbing force like the saw dusk, because it will not
causing the pain to the user when the ball came in contact with the kneepad, but this
does not mean that the kneepad that has the resisting force characteristics is not good,
just because it is not suitable for being used in the football games as it will cause pain to
the users knee when came in contact with the force from the ball.

In order to reduce the rate of the injuries to the football player, the kneepad used
must have a suitable materials used inside it, because the less the deformation of the
material used, the higher the ultimate tensile strength of the material, and thus will these
material will have a strength to withstand the impact force that came in contact to its

body.

Other than that, the kneepad used also must have a suitable size, so that it can fit
well to the users knee during they are using it in their sports activities, because if the size
does not fit the user’s knee, the kneepad will not giving enough and proper protection to

the ligament of the user and thus the user will exposed their knee to the injuries.

Besides, the kneepad used also must have the good air ventilation system in
order to prevent the user from abrasion. The air ventilation system is important also in
order to give a best comfort for the user to wear the kneepad during their sports

activities.

5.2 RECOMMENDATIONS

As for the recommendation, it is known that the current subject used is only male
subject. Therefore, it better if the subject for this kind of study will also include the
female player also. It is because female player strength is not the same with the male
player. So by doing both of this categories, the comparison between this categories can
be done and it also can approve which categories have the highest possibility to injured
will playing the football activities.
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By using more force distribution also one of the recommendation that can be
done. It is because by using more high force, the highest strain of the ligament itself can
be identified, so it easy for the footballer to avoid the force that can ensure them to get

injuries.
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APPENDICES

Appendix A- Gantt Chart for Semester 1
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Appendix B- Gantt Chart for Semester 2
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Appendix C- SolidWork Design
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Appendix D- AutoDesk Simulation Result

The simulation result when not applying the kneepad

93

Odegree of flexion

Force distribution 474.5570N

Displacement Strhaﬂi.n voitrlzies
i won Mis
Magmtude 0 bt es NKA2)
1687658 54662800007 | 4284991
16 44266 49493926007 | 3888.808
16.00875 4.432406e-007 3482.675
15.57434 3015509007 | 8076542
15.14002 3.308703-007 | 20701
1470701 [ 2.881807e-007 2264277
142731 2.36401e-007 o 1858.144
13.83018 o 1.848014e-007 1452.011
13.40527 1.331118e:007 1045.878
1297136 8.142212e-008 839.7452
12 53744 20732486008 2336123
Displacement Strain Stress
Force distribution 767.8874N
Displacement Strain Stress )
Magnitude von Mises von Mises
m mim Ni(m*2)
27.30823 8.8460142-007 | 6040654 |
26.60611 2.008617e-007 | 6202.485
2590399 | 7.17222e.007 ' 5635.316
2520187 £.335823e.007 | 4078.146
2440974 5.400426-007 | 4320977
23.79762 4 663028e-007 3663.808
I 23.00585 L 38266316007 - 3006.639
22.39338 2.9902342-007 2340.47
2169126 2153837 -007 1692.301
2098914 131744e-007 1035.132
2028701 481043003 3770624

Displacement

Strain

Stress
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Force distribution 909.4966N

Displacement Strain Stress
Magnitude von Mises von Mises
m mim Ni(m*2)
32.34426 1.047619¢-006 | 8231293
3151265 9.485553-007 | 7452934
3068105 8.404914e-007  B674.575
2084044 7504275007 5806216
2001784 6.513636e-007 | 5117 857
28.13624 5.522997-007 I 4330408
2735463 4532358-007 I 3561.139
2652303 3.541719e-007 278278
2560143 2.551081e-007 200442
24,85083 1.560442¢-007 1226.061
2402822 5.608028¢-008 447 7022
Displacement Strain Stress
Force distribution 976.5417N
Displacement Strain Stress
Magnitude von Mises von Mises
m mém Ni(m*2)
34.72856 1124846005 | 8838.076
33.83566 1.01848¢-006 200224
32.84275 9121133007 + 7166.604
32.04985 80574692007 £330.860
31.15684 £.003805.007 | 5405133
30.26403 50301426007 4550.307
2837113 43664782007 3823661
28.47822 28028142007  2087.925
27 58532 2739150007 2152.19
2669241 1675487007 1316.454
25.79951 £.1182200-008 480718

Displacement

Strain

Stress




45degree of flexion

Force distribution 474.5570N

Displacement Strain Stress
Magnitude von Mises von Mises
m mim N{m"2)
3204418 20167216007 3077 423
3117818 2547346007 | + 2787195
3031217 3.4779508.007 T 2406968
20.44617 2 B085786.007 2206.74
= £ e o e
: 2060817007 | | i
26.84815 1.7004386.007 | 1336.057
2588215 1045829
1.331066¢-007
2511614 7556011
9.6167412-008
24.25014 465.3733
S 5.922033-008 i s
: 2.220125¢-008 ’
Displacement Strain Stress
Force distribution 767.8874N
Displacement Strain Stress
Magnitude von Mises von Mises
m mém Ni(m*2)
5185114 6.337613e-007 4079553
50.44085 5.739926e-007 4500.942
4004355 5.142238e-007 4040.33
47 54726 4.54455¢-007 3570.718
4624597 3.946862¢-007 3101.108
4454467 3.340174e-007 2631.494
4344338 2.751486e-007 2161.882
4204208 2.153708e-007 1692.27
40 64079 1.55611e-007 1222 658
2023040 0584222008 753046
378382 3.607343¢-008 283.4341
Displacement Strain Stress
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Force distribution 909.4966N

Displacement Strain Stress
Magnitude von Mises von Mises
m mim )
575351 6.708540¢.007 | 5341717
I 58,0038 6.08063¢-007 4785.435
56.43408 5.3827 12¢.007 | 4229273
5477437 fyE ) 3673.062
5311468 el 3116.83
o
e 143526007 s
il 4.272800-008 Bt
4481609 % 3356.7207
Displacement Strain Stress
Force distribution 976.5417N
Displacement Strain Stress
Magnitude von Mises von Mises
m mim Ni(m*"2)
£5.0404 £.050037.-007 £332.808
£4.15834 7.200817007 | 5736571
£2.37628 6520607007 | 5138.334
£0.50422 5.779577e-007 4541086
58.81216 5010457007 | 3043859
57.0301 42503370007 | 3346 622
5524803 3409217007 | 2740.385
5346507 2.720007e-007 2152.147
5168391 1.976076e-007 155491
40.90185 1.218856.007 957 6729
48.11a79 45873626008 360.4356
Displacement Strain Stress
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90degree of flexion

Force distribution 474.5570N

Displacement Strain Stress

Magnitude von Mises von Mises

m mém Ni(m*"2)
134.9906 3377552006 2663791
130,689 3.050858¢-006 2404174
1263874 2.7421642-006 21545 57
122.0858 242947006 18048 41
117.7843 2106776008 16553.24
113.4827 1.780082¢-006 1405707
109.1811 | 1.471388e-006 11560.91
1048795 3 1.153694.-006 0064741 |

Displacement Strain Stress

Force distribution 767.8874N
Displacement Strain Stress

Magnitude von Mises von Mises

m mém Ni(m*2)
218.4301 5 465266006 42041.25
211.4697 4.95118e-006 3880213
2045003 4437116006 34863
107 5488 3.02304e-008 3082388
180.5884 3.408960.-006 2678476
1836279 2.804209.006 2274664
1766675 23808206006 r 1870652 |
169.707 1.866759¢-008 14657.30. f
162.7466 1,.3526800-006 10628.27
165.7862 8.386192e-007 6589.151 '
148.8257 32464018007 2650,028

Displacement

Strain

Stress
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Force distribution 909.4966N

Displacement Strain Stress
Magnitude von Mises von Mises
m mém Ni(m*2)
268717 6473167006 508606
2504677 5.864305¢-006 46076.68
2422236 5.2664432-006 4120276
2339798 4,6465812-008 3650885
2257356 4037719006 | 3172493
217 4915 3428857006 | 2694102
2092475 2819995006 | 221571
- 201.0034 22111332008 | 1737318 |
192.7504 160227006 | 1268027 |
1845153 9.9340852-007 7805352
176.2713 3.8454642-007 (2 3021436
Displacement Strain Stress
Force distribution 976.5417N
Displacement Strain Stress
Magnitude von Mises von Mises
m mim Ni(m"2)
277.7831 £.050283e.006 54600.36
268.9313 £.208522¢-006 40472 67
2600798 '+ 5642761006 4433598
2512278 4,032009¢-005 39109.28
242376 43352380006 34062.50
2335248 36814772006 2802589
2246725 b 3027716008 2378022
2158207 - 2373956006 | 186525 |
206.8688 1720184006 | 1351681 |
188.1172 1.086433e-008 8370.114
189.2654 41267166007 L2 32424

Displacement

Strain

Stress




99

155degree of flexion

Force distribution 474.5570N

Displacement Strain Stess
Magnitude von Mises von Mises 47

m mim NI(m"Z)L
134.1488 §.764124e.005 & Al Sori
120.7234 §.214316e.005 gggggsz
1252081 4664607005

1 3282977
1208728 41146082005 200064 |
116.4475 3564980005 | 2368992
1120222 1| 3.01508.-.005 1836999
107.5068 | 24652720008 160600.7
1034715 i 19154632005 | 1073014
9742 | 13666542005 £4102.15
9432088 8.168465¢-.006 \ 2080289
80.89556 2860368006
Displacement Strain Stress

Force distribution 767.8874N

Displacement
Magnitude
m

217,069
2009073
2027467
195506

189.4263
1812648
74104 ||
1669483 |

1607826
162,622

146,464

Strain
von Mises
mim

9.327012¢-005
8.437358e-005
7.547704¢-005
£.66805e-005

§.768306-005
48787426005
3.080088¢-005
3.009434e.006
2.20078e-006

1.320126e-006
4.304718e-006

Stress
von Mises 2
Nim'2)

7328367
£620353
5030338 |
5231325 |
TR
3833207
3134283
243527
17362568
1037242
3382278

Displacement
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Force distribution 909.4966N

Displacement Strain Stress
Magnitude von Mises von Mises /7 i
m mim Nim2) [
267 0884 00001104704 2678814 1|
2488172 00033180005 7861803 4
240136 803060005 702397 4
2318548 7.856526.005 §19605
2231738 £.832184e.005 | 5308129 |
2146024 57754460005 4540207
2082112 47247276005 712286 ||
19773 3 6710006-005 289436 4
180.2488 26172916005 |1 2056443
180.7676 15636732008 | 1228522
1722864 5.008547¢.008 4008001
Displacement Strain Stress
Force distribution 976.5417N
Displacement Sthain Stress
Magnitude von Mises von Mises
! mim Ni(n'2)
2688444 aom01072088 | 8430608 |
257,838 05385886005 | 7541748
R 8671930005 | geaoras |
2306252 73386005 | 5763843
2305188 §.2044072.005 I 487480.1
21424 50730148005 3985039
212,308 2941621005 | 3006898
203.1008 28102286005 2208036
140832 16788342005 1319084 \
1840808 - 5 4744130006 401325

Displacement

Strain

Stress




The simulation result when applying the kneepad

101

Odegree of flexion for kenaf kneepad

Force distribution 474.5570N

Displacement Strain Stress
Magnitude von Mises von Mises
m mim Ni(m*2)
0.5889524 9.481792e-006 74489.8
0.5546764 8.614942e-006 G7688.83
0.5203944 + 7.748091e-006 60877.86
0.4861124 6.881241e-006 54066.89
0.4518305 5.01439e-006 4725592
0.4175485 5.14754e-006 40444 .95
0.3832665 4.280689e-006 33633.98
0.3489345 3.413838e-006 26823.02
0.3147025 2.546988.-006 20012.05
0.2804205 1.680137 e-006 13201.08
0.2461385 : 8.132867 e-007 6390.109
Force distribution 767.8874N
Displacement Strain Stress
Magnitude von Mises - von Mises
m m/m Ni(m"2)
0.9530019 1.534262e-005 120549.2
0.8975298 1.393996e-005 109528.2
0.8420576 1.25373e-005 Q8507 .32
0.7865354 1.113463e-005 87486.4
0.7311133 9.731969.e-006 X 76465.498
0.6756411 8.320306e-006 6544455
0.6201629 6.926643-006 54423 .63
0.5646967 5.52398e-006 434027
0.5092246 4.121317e-006 32381.78
0.4537524 2.718654e-006 21360.85
03982802 1 1.215091e-006 10339.93
Force distribution 909.4966N
Displacement Strain — Stress
Magnitude von Mises von Mises
m mém NAm#2)
1.128749 1.817202-005 1427801
1.063047 1.651068e.005 1297268
0.9973448 1.424935..005 116673.5
09316428 1.3188026.005 103620.1
0.3659403 1.1526868.005 90566.78
0.8002388 0.865347 0-006 77513.44
0.6688347 6.54268e-006 51406.77
0.5374307 2.220012e-006 25300.09
04717287 1.552672e-006 ‘ 12246.75

—_1]
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Force distribution 976.5417N

Displacement Strain Stress
Magnitude von Mises von Mises
m mim NAm*2)
1.211957 1.95116-005 153305.4
1.141411 1.77278e-005 1392898
1.070866 1.594399e-005 125274.2
1.00032 1.416019e-005 1112587 '
0.9207751 1.237630e-005 Q7243 .07
0.8502297 1.059259e-005 8322748
0.7885844 2.8087587 e-006 _ 59211.89
0.718134 7.024985e-006 55196.31
0.6475937 5.241183e-006 41180.72
05770483 3.4573581e-006 27165.13
0508503 ——— 1,673579e-006 - 13140 55
Odegree of flexion for Coconut kneepad
Force distribution 474.5570N
Displacement Strain Stress B—
Magnitude von Mises = von Mises
m m/m N/i(m*2)
0.6500187 9.806484e-008 77836.74
0.61062802 9.004201e-006 70747 29 ‘
05713418 ' 8.101907 e-006 | 63657 84
7.199614e-006
0.5320033 " pbana4
6.297321e-006 40478.95
0.4926649
5.305028e-006 423805
0.4533264 | 4.492735e-006 35300.06
0.413338 3.590441-006 2821061 ‘
0.3746405 2.688148e-006 | 2112116
0.3353111 1.785855-006 14031.72
0.2959726 8.835617 e-007 ) 5042 27
0.2566342
Force distribution 767.8874N
Displacement Strain Y Stress &
Magnitude von Mises ‘ von Mises
m mim NAmM*2)
1.051804 1.602984.-005 1250487
0.9831504 1.456982e-005 ' 114477 2 \
0.9244962 1.310981e-005 1030057
0.8608421 1.16488.-005 | 91534.12 ,
0.797188 1.018978e-005 | 20068250
0.7335339 8.729771e-006 | 62501.06 !
06608708 7 269757 ¢-006 5711052 '
06062257 5.509744.-006 l 45647 69
05425716 S aial st 34176.46 ‘
0.4789175 oherenon % 22704.92
04152634 — L — Uit 11233230
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Force distribution 909.4966N

Displacement Strain Stress
Magnitude von Mises von Mises
m mim NAmMA2)
1.245772 1.808506¢-005 149175.4
UL 1.72667e-005 . 135588.4
1.004086 15527442005 1220013
1.019593 1.370218e-005 108414.3
0.9442007 1.206892-005 ' 94327 26
0.8688079 1.033966-005 $1240.21
0.793415 8.610403e-006 67653.17
0.7180222 £.881143e-006 54066.12
0.6426294 5151882006 40479.08
0.5672366 3 4226226006 2689203
04g19438 =12 1.603362e-006 13304.99
Force distribution 976.5417N
Displacement Strain Stress
Magnitude von Mises von Mises |
m mém NA(m*2)
1.337606 2.038555e-005 160172.2
1.256656 1.852881e-005 145583.5
1.175705 1.667208e-005 1200949
1.094755 1.481534-005 1164062
1.013804 1.20586 e-005 101817 .6
0.9328535 1.110187 e-005 8722897
0.851903 9.245133e-006 7264033
0.7709525 7 388302006 ‘ 530517
0.62900019 5.531662e-006 43463.06
0.6020514 ‘ 3674026006 28874.92
05281000 1 _ 1.818191e-006 - 14285.78
Odegree of flexion for Palm Oil kneepad
Force distribution 474.5570N

Displacement Strain Stress
Magnitude von Mises von Mises
m mim Ni(m*"2)
40925892 4208637 -005 | 3306786
4530854 3.823702e-005 300433.8
4235316 3.438767 e-005 2701889

3 890779 3.053833e-005 239944
25000 e e
) - :

gzgggggg 1.899028-005 149209.3
1.514093-005 118964.4

2510628 1.129158e-005 88719.55
2.16559 7 44223-006 5347466
1820552 ‘ 3.502881e-006 2822078

1.475514




104

Force distribution 767.8874N

Displacement Strain : Stress
Magnitude von Mises \ von Mises
m m/m NAm*2)
7 970655 £.810056-005 535075.8
7.412345 £.187187e-005 | 486136.1
6.854034 5564315005 437196 4
5.205724 4.94145e-005 3882568
5737413 4318581005 3393171
5.179103 3695712005 | 200377 4
4.620793 3.072844.-005 2414377
4062452 2.440975.-005 192498
3504172 1.8271062-005 143558 .4
2.945861 1.2042382-005 94618 68
2.387551 5.813601e-006 45674
Force distribution 909.4966N
Displacement Strain Stress
Magnitude von Mises von Mises
m m/m NAm*2)
Q.440556 .065025e-005 633751.3
8.779285 7328191005 575786.4
2.118014 I £.500457 e-005 5178216
7.456744 5852722005 459856.7
5.795473 5.1140888e-005 4018919
5.134202 4.377254e-005 343927 .1
5.472931 3.639519e-005 285962.2
42311661 2.801785e-005 227097 4
4.15039 2.16405-005 170032.5
2.489119 1.426316e-005 112067 7
2.827840 6.885816e-006 54102 84
Force distribution 976.5417N
Displacement Strain 3 Stress
Magnitude von Mises von Mises
m mém R NA(m*2)
10.13648 2.660519e-005 | 680469.3
0.426465 7.368401e-005 | 518231.0
2716448 7. 076283e-005 555993.7
8.00643 £.284166.-005 4937559
7 206413 5.402048 -005 :g;g;g';
5.536395 4.69993-005 :
5276378 3.0078126-005 LML
5.166361 3.1156056-005 rgality
4.456343 2.323577e-005 Iggggg:
3.746326 1.531459-005 e
3.036308 7.393415-006
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Odegree of flexion for Saw Dusk kneepad

Force distribution 474.5570N

Displacement Strain Stress
Magnitude von Mises von Mises
m m/m Nim*2)
0.926692 1.075231e-005 8448243
0.8651399 9.81368e-006 77107 .48
0.2035818 I 8.87505e-006 69732.54
0.7420237 7.936421e-006 62357 59
0.6804656 £.007791.-006 54932 .64
065189074 6.050161¢-006 47607.7
0.5573493 5.1205322-006 4023275
0.4957212 H 4.181902-006 32857 8
0.4342331 3.243272e-006 25482.85
0.372675 2 3046422006 18107 .91
03111169 ;i 1.366013e-008 10732.96
Force distribution 767.8874N
Displacement Strain Stress
Magnitude von Mises wvon Mises
m mim NAm*2)
1.499503 :-;ggg:ge-gg: 136702.2
1.309395 . e
1300287 1.436084e-005 :fg;gg;
1200674 1:289203 1105 100901 7
s 1.132322e-005
9.304415-006 Sy
1.001463 SIS el 7703469
Se0ts0m £.7667952.008 il
0.8022468 & 247085 5008 53167 67
0.7026388 3.720175e-006 41234.16
0.6030307 2.210365¢-006 29300.66
0.5034227 ; 4 17367.15
Force distribution 909.4966N
Displacement Strain Stress
Magnitude von Mises von Mises ‘
m m/m Ni(m*2)
17768033 2 060699 e-005 161912
1.658055 1.880809-005 147777 .8
1.540073 1.700919e-005 133643 .6
1.422101 :giﬁgge'ggg 119509 .4
N a-
1.304124 S 105375.2
1.186147 91240.96
sl 9.313586e-006 77108 75
2.0146862-006
0.9501924 R 62072.54
0.8322152 4.418857 e-006 43838.32
0714238 ‘ 2617987 -006 Catitahl
05962609 2—— 20569.9

Force distribution 976.5417N
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Displacement Strain Stress
Magnitude von Mises von Mises ‘
m mim NA(m#"2)
1.906956 2.212606e-005 173847.7
1.780282 2.019456e-005 158671.5
1.653608 1.826305e-005 143495 .4
1.5269349 1.633154.-005 128319.2
1.40026 1.440003e-005 113143.1
1.273586 1.246852e-005 97966.95
1.146911 1.0563701e-005 82790.21
1.020237 8.605503e-006 6761467
0.8935634 6.673994.-006 52438.52
0.7668803 4.742485e-006 37262.38
0.6402153 | 2.810976e-006 22086.24
45degree of flexion for kenaf kneepad
Force distribution 474.5570N
Displacement Strain Stress
Magnitude wvon Mises von Mises
m mém NAm"2)
19.51986 2 .465688-009 66.51612
19.01718 7 B25626-000 60.38706
12.51449 £.005565¢2-000 | 54.25801 |
18.01181 §.125504e-004 | 43.12896 |
17.50913 5.245443-000 | 41.99991
17 00645 4 565382e-009 35.87086
16.50376 3.78532e-009 287418
16.00108 3.005250e-000 2361275
15.4984 2.225108e-000 17.4837
14.99571 ' 1.446137 &-009 11.35465
14.49303 6.650757-010 5225595
Force distribution 767.8874N
Displacement — Strain Stress
Magnitude ; von Mises von Mises |
m mém Ni(m*2)
31598536 | 1.369972e-008 | 107 6412
30.77196 1.243750e-008 9772393
2095857 1.117539¢-008 | 8780662 [
2014517 0.913185e-000 | 77.88031 |
28.33177 | 8.650981e-009 | g7arz |
2751837 7.388778e-009 |  58.05468
26.70407 6.126575e-009 I 48.13737
2589157 4.864372¢-009 3822008
2507818 3.602168e-009 28.30275
2426478 2.330965e-009 18.38544
23.45138 1.077762¢-009 8.468127

Force distribution 909.4966N
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Displacement Strain Stress

Magnitude von Mises von Mises
m mim NA(m*"2)
37.41015 j 1.622595e-008 | 127 4896
36.44674 1.473055e-008 | 115.7401
3548334 1.323516e-008 103.9905
3451994 1.173976-008 | 92.29101
33.55654 1.024437 e-008 | 80.49148 |
3259314 8.749077-009 | 652.74196
3162974 7.253583.-009 56.992494
3066634 5.758189.-009 45.24291
20.70204 4.262795.e-009 33.40339
28.73954 2.767401e-009 21.74386
2777614 1272007 e-008 099434
Force distribution 976.5417N

Displacement Strain Stress

Magnitude von Mises von Mises
m mim Ni(m"2)

401679 1.742182e-008 | 136.8857
3013348 | 1.581684e-008 | 124.2752
38.09906 1421187008 | 1116647 |
37.06464 1.260689.-008 | 99.05417
36.03022 1.100192¢-008 | 86.44368 |
34.0058 9.396945-009 73.83314
33.96138 7.791971e-009 61.22263
32 02607 5.186997 &-.009 48.61212
31.80255 4.582022¢-009 36.0016
3085313 2.977048.-009 23.29109
20.82371 1.372073e-009 10.78057

45degree of flexion for Coconut kneepad

Force distribution 474.5570N

Displacement
Magnitude
m

23.19031
22.61963
22.04296
2147828
209076

20.33693
19.76625
19.19558
18.6240

18.06422
17.48355

Strain
von Mises
mém

6.339733.-008 |
§5.733412e-008
5.12709e-008 |
4.520769e-008
3.914447 £-008
3.308126e-008

2.095483-008
1.489162e-008
8.828402e-009
2.765187e-009

Stress
von Mises
Ni(m*"2)

408.1219
450.4823

355.2033
307 5637
2599242
212.2846
164.6451
117 .0056
69.36601
21.72647

4028428 |

Force distribution 767.8874N
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Displacement Strain Stress
Magnitude von Mises von Mises
m mém NA(m*2)
3752466 1.026771e-007 | 505.9628
36.60115 0.276678-008 7288818
3567773 8.205647 £-008} 851.8008
34.75431 7.314616e-008 5747109
32.23089 6.333586e-008 497 6329
3290747 5.352555.-008 1 4205579
3193405 4371524008 | 243 4780
31.06063 3.300499e-008 Y\ 266.3050
30.13722 2.409463e-008 189,315
Force distribution 909.4966N
Displacement Strain Stress
Magnitude wvon Mises von Mises
m mém N{m*2)
4444462 | 1.214896-007 | 9546395 |
43.35091 1.098793e-007 863.3372
422672 982506008 772.035
41.16349 8 6638716008 £80.7327
40,06978 7.501842e-008 580.4305 |
3807607 | 6.330814¢-008 | 4981282 |
37.88236 | 5.177785e-008 | 406826
36.78865 4.015757e-008 | 3155237
3569404 2.853728e-008 2242215
3460123 1591893008 132.9192
33 50752 2 0ae 0t 4617
Force distribution 976.5417N
Displacement Strain Stress
Magnitude von Mises von Mises
m mim Ni(m*2)
4772003 1.304611-007 | 1024.973
46 5466 1.178748e-007 0269447
4537226 1.0540885-007 { 8280164
44.19783 9.302213e-008 730.8881
4302359 8.05458e-008 | 32,8508
41,84026 £.806947 e-008 | 534.8315
4067402 5.5503142-008 4368032
30.50050 43116812008 338.7749
38.32625 3.064048e-008 240.7466
37.15182 1.816415¢-008 1427183
3597758 5.687824.-000 4469004
Odegree of flexion for Palm Oil kneepad
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Force distribution 474.5570N

Displacement Strain Stress
Magnitude von Mises voui Mises
m m/m NAm*2)
19.53165 8.400244.-009 | 66.00191
19.02876 7623329009 | 5080758
L 1852587 £.3464132-009 53.79325
13.02208 £.069498e-009 | 47 63892
17 52000 5.202583e-009 | 41.58468
17.0172 4515668009 35.49025
F 16.51431 3.738753-009 2937592
2.961838.-009 2327159
‘ :g:g;;:i 2184023009 17.16725
15 00585 1.4080082-008 11.06292
1450278 £.310931e-010 4958538
Force distribution 767.8874N
Displacement Strain Stress
Magnitude von Mises von Mises |
m mim NAm"2) |
31.60446 1.350268e-008 106.7996 |
30.79071 1233670008 | 95.92404 |
2097693 + 1.107889¢-008 | 87.04845
20163256 09.822002e-009 77.17288 |
28.34051 856511000 | 67.20729 |
27 53578 7.308218e-009 | 57.42171 |
26.72205 I 6.051325e-009 47.54613
2590831 | 4704433-000 37 67055
2609458 35375412009 27.79406
2428085 2.280640¢-009 17.91938
23.46711 1.023756e-009 8.043799

Force distribution 909.4966N

Displacement
Magnitude

36.46205
35.50515
34.54136
3357756 |
3261376 |
31.64097
30.68617
2072237
2875358
27.79478

Strain
von Mises
mim

1.600926e-008
1.461041e-008
1.312156e-008
1.16327 e-008
1.014385e-008 |
8.6549084e-008 |
7.166141e-.009
§.677287 000
4.188434e-009
2699581000
1.210727 000

Stress

von Mises |

NAm*2)

126.4042

103.0979
91.39979 |

79.70165 |
£5.00352 |
- 56.30539

44.60726
32.90912
21.21099
9512859

Force distribution 976.5417N
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Displacement
Magnitude
m

40.19217
3016732 |
38.12248
37.08783
36.05279
3501704
33.0831

32.04825
3191341
3087856
2084372

Strain
von Mises
mim

1.089228e-008 |
09.204532e-000
76967812009 |
6.00903e-009
4.501279e-000
2.903528e-009
1.306777e-009

Stress
von Mises
NAm*"2)

135.7972
123.2435
110.6897

98.13508 |
8558222 |

73.02846
60.47471
47.92095
35.36718
22.81344
10.25968

Odegree of flexion for Saw Dusk kneepad

Force distribution 474.5570N

Displacement
Magnitude
m

19.62218
19.11763
13.61318
18.10360
17.60419 |
17 0097

16,5952

16.09071
15 53621
15.08172
1457722

Strain
von Mises
mim

8.743039.-009
7.924009.-009 |
7.104078e-008 |
£.284142-000 |
5.464218e-009 |
4.644288.-009
3.824358.-009
3.004428.-009
2.184408.-009
13645682009
5.446382e-010

Stress
von Mises
NAmA2)

68.70237 |
62.26007 |
5581776 |

49.37545
4293314
36.40084

- 30.04853

2360622
1716391
10.72161
42793

Force distribution 767.8874N

Displacement
Magnitude
m

31.75002
30.93469
30.11826
28.30183
284856 |
27 66926
26.85203
26.0366
2522027
24.40394
23.58761

Strain
von Mises
mim

1.415015e-008 |

1.140628.-008
1.0160342-008 |
8342407 e-009 |
7515472009 |
£.188537 009 |\
4.861602e-009
3534667 e-009
22077326009
8807965010

Stress

von Mises |

Ni(m*2)

1111797 |
100.7538 |

90.3279

79.90198
69.47606
59.05014
4862422
38.1983

2777238
17.34646
5.920544

|
Force distribution 909.4966N
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Displacement Strain Stress
Magnitude von Mises von Mises
m m/m Nim*2) |
37 60624 : 1.676499.-008 131.7249 i
36.63936 1.519265e-008 | 118.3708
35.67249 1.362031.-008 107.0167
34.70561 1.204797 e-008 9466264 |
3373874 | 1047563008 | 8230854 |
32.77186 | §.903202e-009 (9.95444 |
3180408 7.330952e-009 5760034 |
3083812 5.758612e-000 4524624
28.87124 4.186272¢-002 3280214
2890437 2 613932.-000 2053804
2793749 1.041593e-009 8.183941
Force distribution 976.5417N
Displacement Strain Stress
Magnitude von Mises von Mises
m m/m Ni(m*2)
40.37844 | 1-?992579-003 1413702
30.34029 1.630511e-008| 128.1116
38.30215 1.4617662-008 114.853
37 264 1.293021e-008 101.5846
36.22585 1.124275e-008 88.33693
35.1877 0.555302¢-009 | 7507737
34.14955 7.867849e-009 £1.81881
33.1114 6.180396.e-009 48 56025
3207325 4.492943-009 35.3017
31.0351 2.80549.-009 ) 2204314
2099695 1.118038.-009 878458

90degree of flexion for kenaf kneepad

Force distribution 474.5570N

Displacement
Magnitude
m

4473727
4351012
4228208 |
41.05524
39.8287

38.60156
37 3744
3614727
3492013
33.69209
3246535

Strain
von Mises
mim

1.774053-007 |
1.603653e-007 |
1.433253e-007
12628530007 |
1.002463-007
9.220533e-008
7 5165342008
5.812535e-008
4.108536e-008
2.404537 e-008
7.00538e-002

Stress
von Mises §
Ni(m"2)

1393.889 |
1260.013

1126.127
992 2417
858.3561
7244704
5905848
45,6092
3228135
188.9279
56.04227

Force distribution 767.8874N
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Displacement
Magnitude
m

7239
70.40435
£8.41369

£2.46172
60.47607
58.48041
6650476
54.5191

5253344

66.43304 |
B444738 |

Strain
von Mises
mim

28711336007 |
25053416007 |
23195486007 |
2040756007 |
1767062007 |
1482169007
12163776007
0.405838¢-008
§.64701e-008
3.8809826.008
1132054008

Stress
von Mises
Ni(m*2)

2255801
2030106 |
1822.502 |
1605.808 |
1389.13 |
172419
0857245 |
7300302
522.3358
306,641
8804712

Force distribution 909.4966N

Displacement Strain Stre?s
Magnitude von Mises von Mises

m mim Ni(m2) |
8573074 3.400826e-007 :.1 2672078 |
83.3879 30741626007 | 2415413 |
8103606 | 2747407007 | 2158.748 |
7868422 2420833007 | 1802083 ‘i!
7633238 20041686007 | 185,418 |
7308054 17675052007 1388.754 |
71,6287 1.44084..007 1132089 )
£9.27686 1.114176e-007 8754242
602503 7.87512¢.008 §18.7504
6457318 4608477008 362.0047
£2.22135 1.341836e-008 105.4200

Force distribution 976.5417N

Displacement Shrain Stress
Magnitude von Mises von Mises

m mim
8206019 36513866007
2053408 3.300644.-007 |
8700077 2940902007
8440456 | " 2.59916e-007 ‘;:-
9105035 22434180007 |
1044 e )
D 11981836007 BE X
7438373 ; 939.8657

7186852
£0.33331
6.8081

8.464607¢:008
4947088008
1.430660e-008

664.2627
388.6008
113.1168

90degree of flexion for Coconut kneepad
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Force distribution 474.5570N

Displacement Shrain Stress
Magnitude von Mises von Mises |
m mim Ni(m"2)
4520849 16361676007 1206.202 ‘
4308327 13873326007 | 1000.04 |
42.71805 | 12304076007 | 738008 |
4147283 10018626007 8677348
4022761 Q438776008 7415789
36209 050006008 6254231
3T 4815832008 00,2672
36.40185 A 31114
36.24673 2548880008 2768655
3400151 2 048541008 ] 160.7997
3275620 . {
5,681030e.004 il
Force distribution 767.8874N
Displacement Strain Stre§
Magnitude von ises von Mises .
m mém Ni(m*"2) [
P el Ll
7113750 S ol
e )
g;;g;;; 152730007 4 1200080 |
g 1288183007 % 1012.144
63.07795 0076007
106305 Vsl §242106
j £.008200e.008
36.205
0 5 706532608
§7.03323 ; 4433704
i 3.3147642.008 260.4468
55.01832 02200856000 !
; 7252115

§3.00341

Force distribution 909.4966N

Displacement
Magnitude
m

8664285
84.26636
81.86087 |
7048339
77.0060

7471041
7232303
£0.93744
67.56005
£15.16447
6277798

Strain
von Mises
mim

2842056007 |
2058733007 |
237541007 )
2.082086e-007 |
1.808763e-007
1.526439¢-007
1.242116e.007
[ 9.587022¢-008
6.754688e.008
3821453008
1.088219.008

N(m2)

2311616
2089.005 |

1643.782
1421471
1188559
75,9481
753.3368
4307255
308.1142
86.50289

1866.303 |

Force distribution 976.5417N
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Displacement Strain Stress
Magnitude von Mises von Mises

m mim NIm2)!
0302087 3.150081e.007 | 2482 135
50.46746 | 2243432 ¥
8790505 | Pl 2004.128 |
8534084 | 22465226007 | S
8078023 1.842336e.007 )
o217 1638150007 s
S 13330642007 i
75,003 ST 8001100

7.256012¢.008 :
iy 4214056008 §70.1074
£0.96818 T ot 331.1039
67 40877 02.10043
90degree of flexion for Palm Oil kneepad
Force distribution 474.5570N

Displacement Strain Stress
Magnitude von Mises von Mises

m mim ‘ Nim*2)
4473877 17780842007} 1397.086
4351157 16072976007 | 1262.876 |
42 28436 14365112007 | I 1128687 |
4105715 | 1266725¢:007 | 0044070 |
30.52095 1084038007 | 860.3087
38.60274 02415190008 | 726.1194
3737554 7533656008 I 521.9301
36.14833 58257932008 | 4577409
3492113 4.1179200-008 3235516
33.60202 2410066008 189.3623 )
32.46671 7.022026e-008 5517306

Force distribution 767.8874N
Displacement Strain Stress
von Mises
mim
2877066007

7040868 2600742007
£8.42002 | 23204148007 |
£6.43516 2,04808e.007 | ‘
£4.4404 17717626007 | 132008 |
£2.46364 1485437 :007 1174986
6047780 12191116007 - 0578728
5340213 042785008 T 7568
5650837 6646022008
5452061 5801335008 gggggg:
5253485 1138077008

80.4203

Force distribution 909.4966N
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Displacement
Magnitude
m

86.74262
83.30060
81.0387

7868674
76.33478
7388282
7163086
0.27889
06.02603
6457407
2,22301

Strain
von Mises

2.09847 007
1771175007
1.443879¢.007
1.116684¢.007
7.802883¢-008
4.619928e-008
1.346074¢.008

Stress
von Mises 1
Ni(m*2)

2677441 |
242028 |
2163.419
1905.859
1649.798
1391637
1134476
8773158
£20.1551
362.0944
105.8337

Force distribution 976.5417N

Displacement
Magnitude
m

0206328
80.63708
87.01281
g4.48721
8106193
70.43660
16,9126
74.38501
7186067
B0.33523
6.60080

Strain
von Mises

26047780007 |
2.253318e007
190185007 |
1550307 007
1198837007
84747712008
496017¢008
1445568008

Stress
von Mises o
Ni(m"2) |

2075083 |

2608.906
2322758
2046611
1770.464
1404317
1218.160
842 0222
665.8740
380.7276
113.6808

90degree of flexion for Saw Dusk kneepad

Force distribution 474.5570N

Displacement

4474656
43.51809

4220063 |

4108318
3083560
38.60822
37.38075
3616328
34.92682
3360835
3247088

Strain
von Mises
m/m

126470007 |
10940572007 |
0.234142¢:008
75277140008
55212856008
41148572008
2.408429¢:008
7.0200072009

1805022 |
126184 |
120769 |
0036027 |

8606162
T125.8307
5014632
4673887
3233102
1892337
56.16710

Force distribution 767.8874N
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Displacement Shrain Stress
Magnitude von Mises von Mises |
m mim N(m2) |
7240343 28746504007 ssts |
7041724 25084840007 | 2041686 |
68,4310 2322374007 | 1824723 |
66.44439 2040264007 1607.770
4.45360 1770155007 130083
e 14940456007 o
12178350007
£0.49652 856.9499
04182526008
58.50014 66571648008 e
§6.51308 3 896056¢-008 gg%
g4521m7 1.134058¢.008 ;
5254150 8017525
Force distribution 909.4966N
Displacement Strain Stress g
Magnitude won Mises von Mises |

m

86.76664
83.40317
81.08071
7860824
7634678
7300331
7164085
(0.28839
6693502
6458346
(2.23009

3077056007 |
2750024007
24238936007 |
20868616007 |
1.760828e-007
1.442798e-007
1.116766e-007
7.887342¢:008
4517025008
1.346709¢008

Ni(m*2) |

w7547 |
2418304 |
2161.441
1004487
1647 534
130058

1367
8766732
6107107
32,7663
105.8128

Force distribution 976.5417N

Displacement
Magnitude!
m

9207726
80.55138
87.0265

8440082
8187374
79.44786
76.92138
74,3061

7187022
(0.39434
{6.81846

Strain
von Mises
mim

365571007 |
3.304619e-007|
20536282007 |
2602437007 |
22613472007
1.900256-007
1540165007
1.198074e-007
9.4609332-008
405809242-008
1.448016-008

Nm2) |

2872343 |

2044772
1768.915
1433.058
1217.201
941.3439
665.4368
3806208
137727

155degree of flexion for kenaf kneepad
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Force distribution 474.5570N

Displacement Strain Shress
Magnitude von Mises von Mises

m mim | Ni(m*2)

Al
6281727 £3.994816e.007 1‘ 5405927 1
f1.06218 f5.34132e.007 4082 466
59.20708 5.687624e-007 4469005
67.36201 5.034328e-007 355543 )
5540892 | 4.380832e-007 3442082
5364183 | 3.727335e.007 2028621
51.78674 3.073830e.007 2416189 |
40 83166 2420343007 1901688 ©
4807657 1766847007 1388.237
4622148 1413351007 874.7756
44 36639 4.508546e-008 3613143
Force distribution 767.8874N

Displacement Strain Stress
Magnitude von Mises von Mises

m mim Ni(m*2)
101.8073 11318442006 8803.062 |
gg:gggj 1,026101e-008 8062225
S 8.203584.-007 1231387

; 8.146154e.007 | 640055
80.80035 A 5660.712
2670861 7.088724e.007 b v
S 49738850007 i
i 39164366007 i
7478153 2.8530062.007 e
7478080 1,801676e-007 it

; 84,6868

7.441468e-008
Force distribution 909.4966N

Displacement Strain Stress
Magnitude won Mises von Mises

m mim Ni(m"2)
120,582 1.340495e-00§ 1053246
1470267 1.215262¢-006 | 0548 488
113.4714 1,090029e-006 8564514
109.9161 0647981007 7680.541
106.3608 83056316007 505,567
102.8055 7443301007 | 6612504 |
09.25018 52000726007 | 4628 621
e 46386426007 Habqr
02.13057 33863126007 | 2660674
s 21338826007 et
8502895 B32.7260

8.816624e.008
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Force distribution 976.5417N

Displacement Strain Stress
Magnitude von Mises o von Mises

m mim /e Ni(m*2)
1204708 14303720008 1| 1130035 |
125,663 1.304807:006 |/ 10262.76
121.8361 1.470422¢-006 9196.171
118.0188 1.035946e-008 | 8139.679
114.2014 00147426007 7082988
10384 | 766006007 || 6026.397
106.5666 83252070007 T 4869.806
102,742 40804866007 3013215
9803179 3635703007 2856623
95.1144 2200056007 1800.032
91.28701 04619776008 743441

155degree of flexion for Coconut kneepad
Force distribution 474.5570N

Displacement Strain Stress
Magnitude von Mises von Mises g2

m mim Ni(m"2)
6441151 1 23083006 | a3 |
6250401 1424821006 | 8337 870
6050651 1008706006 7933401
58.68001 f 89450016007 1028822
8678161 1| 77047470007 1| 8124444 |
84874 | £ 643503007 | £210.066 |
52,9665 54024080007 | 1541
51069 43412840007 | 3411008
49.1515 2460136007 2808,531
47244 20398762007 10021052
433549 86762126008 T

Force distribution 767.8874N

Displacement
Magnitude
m

104.2252
011386
0805207
04.86561

2187806 ||

88.7924

86.70685
8261029
7953273
76.44618
73.35062

Strain
von Mises
mim

20063560006 |
18200962006
1633816006
1.447548-008
12612766008
1.075006¢.006 ||
8997366007
7024666007
5 1818612007
32002626007
1436562007 =

Stress X
von Mises ¢/
Ni(m*2)

16764.22
1430067
12837.12
137367
9910.026
8446 475
£962.026
5610.376
4055826
2802211
128727
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Force distribution 909.4966N

Displacement Strain Stress ¢
Magnitude von Mises von Mises £8P <
m mim N(m2)

123.4468 2.376405¢.006 1867176

11979 21557796006 s on

116.1342 1.9351536-006 | 1520877

12,4785 17145266006 || RS

108.8227 14939¢006 ||/ e
I 105.167 12732736006 s
t 1015112 10528472006 s

9736544 8:3202036.007 R

9419968 £.113838.007

0054002 30076740007 | ;gggg?:

8638816 1701409007 - el

Force distribution 976.5417N
Digplacement Strain Stress
Magnitude von Mises von Misesv.fu’
m mim Ni(m*2) .

1325458 25647318006 2004831
1286208 23148218006 1818788

124,653 2077912006 1632646

12077 1,.841002¢.006 14465.02

16,8448 1604003008 1260358 \
1129185 1) 1367184006 | 1074246 |
108.8640 14302746008 | 890725

105,069 306045007 | 7019.263

101,148 68646512007 515;.881

0721852 4 105486007 1 | figq-gge

0320327 18263616007 ’

155degree of flexion for Palm Oil kneepad

Force distribution 474.5570N

Displacement
Magnitude
m

6292743
£1.07109

5921656 ||
&7.38112 1|

5550568 |
£3.65024
5170491
499307
4908393
462285
w3708

Strain
won Mises
mim

6805636007 ||
B 16286007
5 547876007
43112136007
42786007
3838006007
3001843007
236868007
17260086007
10024726007
450108 -

Stress

Nme2)

§360.03

4858 956
4368.883
3668.81

3368.737
2868.664
2368.501
1868517
1368444
8583711
3682079
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Force distribution 767.8874N

Displacement Strain Stress &
Magnitude von Mises von Mises S,

m mim Nim*2)

I [
1018238 1.103704¢:005 | 871957 |
08 82146 1.0007 16006 | 7862762
0581915 8477267007 1| 063 667
8281684 78473826007 1 f244372
8081453 (.917487¢.007 6436.176
86,8122 §.887612e.007 4626981
8380001 4867727007 3816.786
80,8076 3.827842¢.007 3007 59
7780520 2.797958e.007 2198.305
7480208 1768073007 1368.2
71.80067 13818770008 £80,0046
Force distribution 909.4966N

Displacement Strain Stress
Magnitude von Mises von Mises 4

m mim Nim*2)
1206015 1.307248e.006 10271.24 ‘,‘
117.0465 1185284006 | 312,788
1134895 106328006 8364.350
10089336 9412862007 1|1 7385801
108.3776 1| 8.193100-007 f437.443
1028216 | £.973266e.007 5478.904 ||
00.26663 67634226007 4620546
9570965 45336706007 3662.008
02.15368 33137366007 2603.640
88.5977 2083892007 1646.201
85.04172 87404360008 =+ 86,7524

Force distribution 976.5417N

Displacement

1142194 1}

110.4013 !
108.5832
1027651
98.94504
05.12883
0131072

Strain
von Mises
mim

1403635006 1/
1272867006
1141879006 11
1.010702e-006 1)
87972980007 |
7.487461 007
6.177683e.007
4867906007
35681200007
2248301007
0.386737e.008

102858 |
909,449 |
870337
7041226 |
Ba2.115 1t
583,005 |}
453004 |
3624783 |
705672 |
1766562
737 4608
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155degree of flexion for Saw Dusk kneepad

Force distribution 474.5570N

Displacement
Magnitude
m

62,8504
6100437
502036 |}
6738288 1|
5552631 1|
567000 |
5181427
40,9562
410223
4624621
w3019 "

Shrain
von Mises
mim

752018007 i
60528626007 |
5 4300336007
43074056007
41847766007
3560147007 |
29305186007
2:316889e.007
180426007
10716342007 l
4400026008

- 4266.466 1,

2300621 |

Stress N
von Mises S,
Nm2)

san |
5560

am24 i
3268038
7883 |

1620413
1331204
841.0057
327873

Force distribution 767.8874N

Displacement Strain Shress
Magnitude von Mises von Mises .
m mém N(m2) (-
101.8609 1.08012e-008 "“',“ 8486669 |
0385767 0.783712e.007 7608506 [
0585442 8.786224e.007 | {003 462
a2 85116 7.778735e.007 ‘ £i111.863
80.84791 6.771246e.007 1 6320266 L
86 84466 :.;63758&00; | 4628 667
o el win
; e
8083816 ;
77 8340 2.741202e.007 2163872
7 4'33 54 1.733803¢-007 1362274
; 7.263144..008 5706756
7182839
Force distribution 909.4966N
Displacement Strain Stress )
Magnitude von Mises von Mises =i
m mém Nim2) I
1206468 1279356008 | 10062.03 ‘ ‘
117.0884 1.160024.-006 | . 9114.476
1135313 1.040699-006 8176918
109.9742 Q.213720e.007 7239.359 !
106.4171 2.020473e-007 3018
10286 | 6827217007 5364242 ||
9930293 5 63306e-007 4426683 |
0574584 4440704007 | 3480.124
82.18874 3247447 8007 2561 566
8863166 20541016007 1614.007
85.07466 4 600344e.008 76,4485
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Force distribution 976.5417N

Displacement
Magnitude
m

1205301
1267198
1219006
1180812
1142618

1oas |}
1066232 |

1028038
08.98460
05.16628

91.34607

Strain
von Mises
m/m

1373681006, 'ij.(
12454612006 |
14173426008
08022186007 ||
8611020007
73208230007 |
B.0486250.007 ||
47674286007 |
3496236007
2205032007
02393475008

Stress

von Mises /#

N(m'2) ;

1078242
ares.767 |
a779.112
7772467
(765,802
675,146
4762401
3746.836
2739184
1732626
726.8701




