EFFECT OF RADIUS OF FILLET ON SHEAR STRESS FOR CNDORICAL
SHAFT

NORSYAZWANI BT BADILAH

Report submitted in partial fulfilment of the ragpments
for the award of the degree of

Bachelor of Mechanical Engineering with Automotkzegineering

Faculty of Mechanical Engineering
UNIVERSITI MALAYSIA PAHANG

JULY 2012



UNIVERSITI MALAYSIA PAHANG
FACULTY OF MECHANICAL ENGINEERING

| certify that the project entitledEffect of Radius of Fillet on Shear Stress for
Cylindrical Shaft” is written by Norsyazwani bt Badilah. | have exaad the final
copy of this project and in our opinion; it is fuladequate in terms of scope and
quality for the award of the degree of Bachelor Erigineering. | herewith
recommend that it be accepted in partial fulfillmer the requirements for the
degree of Bachelor of Mechanical Engineering.

Dr. Tuan Mohammad Yusoff Shah bin Tuan Ya

Examiner Signature



SUPERVISOR’S DECLARATION

| hereby declare that | have checked this project ia myopinion, this project is
adequate in terms of scope and quality of thisishesqualified for the award of the
Bachelor of Mechanical Engineering.

Signature e e amnnnn s
Name of Supervisor : PN. NORHAIDA BINTI AB. RAZAK
Position : LECTURER OF MECHANICAL ENGINEERING

Date



STUDENT’S DECLARATION

| hereby declare that the work in this thesis is omyn except for quotations and
summaries which have been duly acknowledged. Tésigthas not been accepted

for any degree and is not concurrently submittecfeard of other degree.

Signature PRSPPI

Name : NORSYAZWANI BT BADILAH
ID Number : MH08073

Date



Dedicated To My Dearest Family



Vi

ACKNOWLEDGEMENT

This work was carried out at the Faculty of MeckhahEngineering, UMP
under the supervisor of Pn. Norhaida bt Abd Razak.

| wish to express our sincere appreciations antitgda to my supervisor, Pn
Norhaida bt Abd Razak for his guidance, encourag¢m@otivation and many
insight and valuable discussion during the develapof ideas in this thesis.

I want to thank my loving family for their unflihing moral support,
motivation throughout my work, sacrifices and pray®er me.

| would also to thank all my friends especiallyryy course mates for their
continuous support and help throughout my finalry@aject period and making my
time really enjoyable here in UMP.

My sincere thanks go to all my labmates and membérthe staff of the
Mechanical Engineering Department, UMP, who helpedin many ways and made
my stay at UMP pleasant and unforgettable. Manycigbeéhanks go to member
corrosion and fracture focus group for their exalco-operation, inspirations and
supports during this study.

Finally, 1 would want to dedicate this work to mgpving housemate
members.



vii

ABSTRACT

This project presents an investigation effect efitidius of the fillet on shear
stress for cylindrical shaft by using finite elerheanalysis. The shaft has the
tendency to fail due to the inappropriate designfiltgt radius. Hence, the best
models need to design. 18 models were constructiéld ehfferent ratio two
diameters shaft and radius of fillet in SOLIDWORRhese models imported into
PATRAN software to analyze the models with diffdrgiven of the value of torque.
In order to simulate torque, MPC RBAR was emplogedmodel. AISI 4130 was
selected material for all models. The value for Ng@uModulus of Elasticity =
206GPa and the Poisson Ratio = 0.3 was used in ahadysis. The stress
concentration factor was determined to comparesiimellation result and equation.
As expected, result showed that increased the saufidillet of shaft reduced the
value of shear stress. The ratio of two diametbeftsl.09 was the best design
compared to others because all cases producedwstl value of shear stress. The

value of shear stress was increase when the tgigee was increased.
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ABSTRAK

Projek ini mempersembahkan mengenai kesan petamaggari kambi pada
tegasan ricih untuk aci silinder dengan menggunalelisis unsur terhingga. Aci
mempunyai kecenderungan untuk gagal kerana rekallbbgang tidak sesuai jejari
kambi. Oleh yang demikian, model yang baik perluakia. 18 model telah dibina
dengan nisbah yang berbeza dua diameter aci dankembi dalam SOLIDWORK.
Kemudian, model-model yang diimport ke dalam pansPATRAN penganalisis
model dengan yang berlainan diberi nilai tork. Sapdapat merangsangkan tork,
MPC RBAR telah bekerja pada model. AISI 4130 tedghlih bahan untuk model
semua. Nilai Modulus Young = 206GPa Keanjalan d@ab&h Poisson = 0.3 telah
digunakan dalam analisis ini. Faktor tekanan kefagkdelah ditentukan untuk
membandingkan hasil simulasi dan persamaan. Separig dijangka, hasil
menunjukkan bahawa meningkat jejari kambi aci memggkan nilai tegasan ricih.
Nisbah dua diameter aci 1,09 adalah reka bentuk yarbaik berbanding dengan
yang lain kerana semua kes-kes yang menghasilkairtarendah tegasan ricih. Nilai

tegasan ricih adalah meningkat apabila tork yabgrdian telah meningkat.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

A shaft is the component of a mechanical device ttensmits rotational
motion and power. It is integral to any mechanisgbtem in which power is
transmitted from a prime mover, such as an electator or an engine, to other
rotating parts of the system. There are many exasnpf mechanical systems
incorporating rotating elements that transmit powgear-type speed reducers, belt or
chain drives, conveyors, pumps, fans, agitatorsyséloold appliances, lawn
maintenance equipment, and parts of a car, pova¢s, tmachines around an office or
workplace and many types of automation equipmenttsional , bending and normal
forces occur during the working of the shaft (HaisH. 1999). The forces cause a

combination of normal and shear stresses whicheppi/clically on the shatft.

The stress concentrations can be determined irafh i various method :
mathematical methods, photoelasticity, Finite Eletridethod and others. There are
researcher determine stress by using finite elemethod such as Bayrakceken, H.
(2007) analyzed fatigue failure of driveshaft armdvarsal joint yoke by the finite
element method and Taylor, D. et al. (2011) alss fuste element method to study

about two new methods for reducing the stress cureten features .



The geometry of a shoulder fillet has long beemntdrest to shaft designers
and structural analysts. FEA was used to analyz#iadal fillet shaft geometries.
Shouldered shafts with conical tapered sectiongetainto a fillet radius were studied
by Jallipalli. et al. (1997). Then the more generate of a shoulder with a tapered
section that is not necessarily tangent to thetfilas study by Schmidt. et al. (2006).

In this project, the stress analysis of shaft wasied out by using finite
element analysis. The different design of varioteelsshafts was created by using
SOLIDWORK to determine the value of shear stregh wariable torque. This study

to prove that stress can be reduced through thefuséllet.

1.2 PROBLEM STATEMENT

A shaft is the component of a mechanical devieg thansmits rotational
motion and power, usually of circular cross sectdgher solid or hollow. There are
different designs of shaft which can classify falento two categories namely sharp
and well rounded, when a change in diameter odouesshaft to create a shoulder
against which to locate a machine element, a stessentration dependent on the
ratio of the two diameters and on the radius iletfiis produced. Besides that, the
shaft has the tendency to fail due to the inappatgoof fillet radius. Hence, there is
need to construct model with the best design wiiatonsider to the value of stress
concentrationK so that the value shear stress will be decredsereiore, the main
objective of this project is to examine stress ysialwhich to determine the shear
stress for cylindrical shaft with various valuesfilet by using FEA. The research
work is focus on fillet in order to approve theest can be reduced through the use
fillet.



1.3 OBJECTIVE

The objective of this project:

a) To investigate effect of radius of fillet on shesress for cylindrical
shaft with various values of fillet by using finkdement analysis.

b) To compare shear stress the value of shearingstiiéis the different
the ratio of the two diameters.

1.4  SCOPE OF THE PROJECT

The scopes of this project as below are determinearder to achieve the

objectives of the project:

a) Construct the model of cylindrical shaft with diéat of the ratio of the
fillet to the diameter shaft and the ratio two deers of shaft by using
SOLIDWORK.

b) Determine the value of stress concentration,

c) Analysis the shear stress with different model tovp that shear stress

can be reduced through the fillet by using MSc PANRsoftware.



CHAPTER 2

LITERATURE REVIEW

21 INTRODUCTION

This chapter will explain more about the informaticollected related study on
effect radius of fillet on shear stress for cylicdt shaft and provide additional
information and relevant fact. It cover are of reted subtopic such as torsion of shaft,
stress concentration factdt, application of shaft, finite element analysis¢g anaterial
of shaft.

2.2 Torsion of shaft

Torsion occurs when any shaft is subjected torquea The torque makes the
shaft twist and one end rotates relatives to theroinducing shear stress on any cross

section.

221 Stressintheeasticrange

From the Hooke’s Law for shearing stress andrstrai

T=Gy (2.1)



Where G is the modulus of rigidity or shear modulf the material. The

shearing strain,at a distance from the axis of the shaft as :

Y =2 Vimax
Multiplying Eq 2.2 by G,
GY = £ G Vimax
T=—Tnhax

c

(2.2)

(2.3)

(2.4)

The equation obtained shows that, as long asi#lé strength is not exceed in

any part of circular shaft, the shearing stresbénshaft varies linearly with the distance,

p from the axis of the shatft.

The sum of the moments of the elementary forceteden any cross section of

the shaft must be equal to the magnitude T ofdhgue exerted on the shaft.( Ferdinand

P.Beer. et al. 2009)
Jp @@dA)=T
Substituting forr from (2.4 )into (2.5):
T = prdA=Tm%fp2 dA
Where J is polar moment inertia of circle of radia is
J =3 mct ( for solid shaft )

So, the elastic torsion formula as :

_Tc
Tmax =

(2.5)

(2.6)

(2.7)

(2.8)



Where ;

T = torque, (N.m)

¢ = circle of radius, (m)

J = polar moment of inertia, (‘h
t = shear stress, (N /)

2.2.2 Stressconcentration factor, K

In the case of shaft with a change in the diameféts cross section, however,
stress concentrations will occur near the discoityn with the highest stresses
occurring at the fillet of shaft. These stressey mnegluced through the use of fillet and

the maximum value of the shearing stress at thet ihn be expressed as

T
Tmax =K = (29)

The factor oK depends only upon the ratio of the two diametatsthe ratio of
the radius of the fillet to the diameter of the #erashaft. The geometry of a shoulder
fillet has long been of interested to shaft desigrend structural analyst. For years
engineers relied on solutions estimated by (PilkR&YyD. et al. 2008) as presented in
Figure 2.1 in the form of graphical design chafigure 2.1 was used to help determine

theK value of a shoulder fillet on a cylindrical shaftiending, torsion and tension.
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Figure 2.1 Stepped shaft Geometry and Peterson original solsifior
bending, tension and torsion
Sources : (Pilkey, W.D. et al. 2008)




Goksenli, A. et al. (200¢study about the failure analysis of an elevatores
shaft.This research found that the when the radius ofature increase will reduce t

shear stress. Figure 2.2 show the result of effieadius of curvature on stre

distribution.

Stress [MPa]
3
J
=

&n
[ =T

05 i 1.5 2 2.0
RC [mm]

Figure 2.2 : Effect of RC on stress distribu
Source : Goksenli, A. et al. (2009)



23  APPLICATION OF SHAFT

There are many examples of mechanical systemspacaing rotating elemen
that transmit power: ge-type speed reducers, belt or chain drives, congeymmps
fans, agitators, household appliandawn maintenance equipment, and parts of a
power tools, machines around an office or workpland many types of automati
equipment

2.3.1 Drive Shaft

The torque that is produced from the engine antstméssion must be transferr
to the rear whdse to push the vehicle forward and reverse. Theedshaft must provid
a smooth, uninterrupted flow of power to the axlBse driveshaft and differential a
used to transfer this torqi Figure 2.3 showed the vehicle drive train whiclshewed

the driveshaft is the connection between the transmisaiaiithe rear axle of the ¢

Rear Wheel

Transmission
Drive Shaft

clhtch U-joint Differential

Figure 2.3 : Vehicle drive train
Source : Chad, K. et al. (2004)
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2.3.2 Elevator Drive shaft

Goksenlj A. et al. (2009)study failure analysis of an elevator drive sf
Elevator drive system is mounted at the bottomuwliding in Figure 2.4. Torque whic

is produced by an electrmotor is transmitted by worm gear to shaft. The shaft rote
the pulley by a key.

Figure 2.4 : Elevator system inside buildi

Source : Goksenli, A. et al. (2009)
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Figure 2.5 showed the elevator drive system whécthé shaft is supported

three points in form of journal bearing

Coupling

| = Electric motor

Figure 2.5 : Elevator drive system

Source : Goksenli, A. et al. (2009)

2.3.3 Turbine Engine Shaft

A turbine engine shaft transfer torque createdhaydngine’s the turbine to tl
engine’s compressor. In this process, the turbhedtsincurs rotational shear loas

bending loads, andthermal gradient. Figure 2.6 shows the turbine rea
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44

S

Figure 2.6 : A GE J85 turbine engine cut away s$erival are visible. The shaft can

clearly seen.

Source : Steven Dallas Townes Jr. (2009)

24  FINITE ELEMENT ANALYSIS

Most recently, advance in technology have produwmedputers that are capal
of quickly and efficiently running simulated anadgs of geometrically comple
components. The finite element method (FEM) ha® lestablished for many shaft a
means of anatically determining stresses but its usage has Beemewhat limited b
the processing power availabGoksenli, A. et al. (20099howed that it was possible
accurately analyses an elevator drive shaft wighRE method. Their investigation w
carriad out with 3D model. A precise geometrical modetlad shaft was built up ar
then imported to ANSYS to analyse the stress onuymt the keyway corner. Figu

2.7 shows the finite element mesh of the s
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Figure 2.7 : Finite element mesh of thafth

Source : Goksenli, A. et al. (2009)

Bayrakceken, H. (2007research about two cases of failure in the pc
transmission system in vehicle. Finite element ymisltechnique is used to determ
the stress distribution at the failed section andobain the best design. After tl
construction of the geometric model, a static steeslysis is carried out by entering
obtained mechanical properties of the material gstd Modulus = 205GPa, Poiss
Ratio = 0.29). The load are lateral bending lof weight of the full car (2500N) ar
torsional moment for turning of the wheel 100N.rheTmesh consist of 11,486eleme
and 20,612 nodes. Boundary condition are applietheatoearing and geared coupl

locations. Figure 2.8 show that the highest s occur at the fillet region of the fail
cross section.
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Figure 2.8 : Finite Element Model and results &f stress analys
Source: Bayrakceken, H. (2007)

25 MATERIAL OF SHAFT

Gumadi, S. et al. (200 use Steel (SM45C) as a mate for automotive drive
shaft applicationsThis material was chosen to design steelshaft for the research
studyand also use the-Glass/Epoxy, High strength Carbon Epoxy and Highdios
Carbon / Epoxy material selected for analysis des@nposite rive shaf. The material
properties of the steel ( SMZ ) are given in Table 2.1IThe Table 2.2 shows tt
properties of the Hslass/Epoxy, High strength Carbon Epoxy and HighdMos
Carbon / EpoxyBayrakceken, H. (2007used a low alloy boron steel (he type 9430H
as material for analysis drive shaft of automob@é@smission
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Table 2.1 : Mechanical properties of steel (SM45C)

M echanical Properties Stedl
Mass Densityp 7600 kg /m
Young Modulus of 207Gpa
Elasticity, E
Shear Modulus, G 80Gpa
Poison’s Ratioy 0.3

Table 2.2 : Properties of E-Glass/Epoxy, High siterCarbon Epoxy and High

Modulus Carbon / Epoxy

Mechanical Properties E-Glass/Epoxy High strength High M odulus
Carbon Epoxy  carhon / Epoxy
= 50GPa 134GPa 190GPa
Ex 12Gpa 7GPa 7.7GPa
Giz 5.6Gpa 5.8GPa 4.2Gpa
Vi 0.3 0.3 0.3
S,=S% 800Mpa 800Mpa 800Mpa
S 72MPa 97MPa 30MPa
p 2000Kg/mt 1600Kg/nt 1600Kg/nd
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CHAPTER 3

METHODOLOGY

31 INTRODUCTION

The research methodology of the project is divided three main points each
point focus n certain area so as to achieve thectbg of the project as discuss earlier.
Firstly, the value of stress concentration fackoryas determined which depend on the
ratio of the two diameters and the ratio of thausaf the fillet. Secondly, the model of
cylindrical shaft was designed in SOLIDWORK withffdrent of the ratio of the two
diameters and the ratio of the radius fillet. ThER, stress analysis was performed by
using MSc PATRAN-NASTRAN software. The material ftre cylindrical shatft,
boundary condition and loading was design for thmalysis. Lastly, the data was
recorded to plot graph shear stress versus radifideb with different torque. The step

by step was shown in Figure 3.1 :
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|

[ Data Collection]
¥

Construct Models of

Cylindrical shaft (SOLIDWORK)
!
[ Export ]
¥
| Modeling (MSc PATRAN-NASTRAN) |

v

[ Mesh of Model ]

A 4

[ Boundary condition ]

Material &
Physical properties
y
[ Stress Analysis]

'

Figure 3.1: Flow chart for methodology
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32 GEOMETRICAL MODELING

The model geometry of cylindrical shaft was conded by using
SOLIDWORK software. Thissoftware is more compatible to use in enginee
application because it required tool to constrhet model in engineering problem &
very user friendly. In this project, 18 of simpidindrical shaft with the different of th
ratio of two diameters d the ratio of the radius of the fillet to the deter of the
smaller shaft was completed design. Firstly, thesssectione-area of the shaft was
sketched according to the desired diameter of shaftreate the fillet, selected the
and then cliked feature of fillet and fill the desired valuerafiius of fillet. Figure 3..
shown one example of model that was completed dekagtly the complete model w
saved as a PARASOLID fil

2 *Top *Trimetric

O
L. i

K= *Front

@ *Right

Figure 3.2: Example of one complete design of clylzal shat.
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In this project, 18 different model have been @dawhere there are 3 differe
value of D/d. Each D/d, there are 6 different vadfieadius. The Table 3.below has
shown thethree difference paramet values, D, d and The parameter value of D,

and r is known as:

D = large diameter shaft
d = small diameter shaft

r = radius of fillet of shaft

The value for r, radius of fillet were vary for f#ifent cases while the 3 values of [
which are the ratio (two diameters are 32.7 / 30, 40 / 30, and 36Figure 3.3 showed

thatthe value that was manipulated in this s.

Figure 3.3 : Dimension value for D, d ar

Table 3.1 The parameter value of shaft des

D/d=232.7/3( D/d=401/30 D/d=36/30
r(mm: r(mm) r(mm)
1.50 1.50 1.50
3.00 3.00 3.00
4.50 4.50 4.50
6.00 6.00 6.00
7.50 7.50 7.50

9.00 9.00 9.00
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33 FEA ANALYSIS

All of the analyzed geometries, after being modeledSOLIDWORK were
exported in the PARASOLID format and brought intATRAN software. Each cas
followed the same step except the variable valaé lieed to change. Ensure that
geometry sda factor is millimeter before import the model.rdti of all, feature
geometry was selected to apply cylindrical coortiirs that the origin is created on
shaft.

331 FEA MESH ANALYSIS

In this project, Finite element mesh for all modelas created by using tl
TetMesh. In feature element, create, mesh, and sa@s selected. Then, Tet, TetMe
and Tet10 was set to Elem Shape, Mesher and TopdiExt, TetMesh Parameters w
selectedd 0.01 as the value of * Maximum h / L’ which ierfrefinement optior
Normally, Solid 1 was appeared when click the mddedill the column of input list
Button apply was clicked to complete meshing. lis ffroject, automatic mesh is us
for different cases to get fine meshigure 3.4 shows that the&tep how to create tt
automatic mesh in all cas Figure 3.5 showshat the example of result for comple

mesh by using automatic mesh metl|

57
Elements

Minmuem Edpe Length =

Gicbal Edge Lengtn| 0.2

Figure 3.4 : Step how to create automatic r
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Figure 3.5 : Example of complete mesh mq

3.32 BOUNDARY CONDITION

The idea was to model the shaft in FEA subjectedui@ torsion, for this, or
end was fixed with all the DOF arrested. On thesptbnd the torque was applied
distributed forces irtangential direction to the outside of the ure of the cylindrical
shaft(Mutasher, S. A. 200¢ . Node location list [ 0 0 160 ] is created wheh/Aetion
as Create, Object as Node and Method as Edit.dardo simulate the torque, MF
RBAR need tde employed on this modédrigure 3.6 showthat the step how to cree
MPC RBAR. In order to apply the torque and fix de shaft showed in Figure 3.7 €
Figure 3.8Figure 3.9 show shaft has attached with M

E Acon  crese ™ |
Obj=ct: 1 ]=
Elements o =

Anabysis Preferences:

Code: MSC Nasiran
Type: Structural

MPC D
| EC]

Thermal Expansion Coefficient

Define Terms,

~Apply-

Figure 3.6 : Step how to create MPCAR
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In Loads feature, the tip which not attached theOM$&fixed when set Action ¢

Create, Object as Displacement and Type as Nodi&in et < 0 0 0 > for Traation

column. The tip of shaft was fixed after click apfutton. Torque applied when ¢
Action as Create, Object as Force and Type as Ndden set < 0 0 50000 > f

moment column. The value of torque was appearechvpness the apply button. T

value of torque appeared is a variable value that needsange such as 50Nm, 100N

150Nm and 200Nnkigure 3.9 show example of result after applied the torque anc

on the shatft.
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Figure 3.9 Creating Nodal Moment and Creating Nodal Boundaopdtior

3.3.3 MATERIAL PROPERTIES

AlISI4130 was chosen for each analysishe material that use inl cases were

constant. Table 3.2how material properties of steel AlSI41

Table 3.:: Materil properties of steel AlSI41

Mechanical Properties AISI 4130
Mass Densityp 7822.8 Ig /m”
Young Modulus of 206.84Gpa
Elasticity, E
Shear Modulus, G 79.565Gpa
Poison’s Ratioy 0.3

In Analysis feature, set Action as Analyze, ObjastEntire Model and Methc
as Analysis Deck andthe button apply was clickedlhis analysis was run in
NASTRAN. PATRAN software was reopened and Action was selees Acces

Result. Lastly, the icon Fsult was selected to see the result of anal
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CHAPTER 4

RESULT AND DISCUSSION

41 INTRODUCTION

In this chapter will focus on the shear stresdyais of cylindrical shaft that
obtained from simulation. Hence, the result thatimed from simulation will compared
with the theory. The study is carried out using finde element analysis is ( FEA )
using MSc PATRAN software. There will be discusabdut reduction of stress through

fillet and comparative study between simulationd tieoretical.
42  STRESSCONCENTRATION, K

The stress concentration factdf, depends only upon the ratio of the two
diameters and the ratio of the radius fillet of fillet to the diameter of the smaller
shaft. The equation (4.1) is used to calculatevilee of K . Since the values of K
plotted in Figure 4.1were obtained under the assommpf a linear relation between
shearing stress and shearing strain.

r

K. A (E)b (4.1)
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Table 4.1 : The value & is calculated by equation above with the differ@ntatio of

the two diameters and the constant of the ratidlef to smaller diameter.

@D(mm) dd(mm) D/d r(mm) r/d K
32.7 30 1.09 1.50 0.05 1.32
32.7 30 1.09 3.00 0.10 1.21
32.7 30 1.09 4.50 0.15 1.15
32.7 30 1.09 6.00 0.20 1.11
32.7 30 1.09 7.50 0.25 1.08
32.7 30 1.09 9.00 0.30 1.05
36 30 1.20 1.50 0.05 1.60
36 30 1.20 3.00 0.10 1.37
36 30 1.20 4.50 0.15 1.26
36 30 1.20 6.00 0.20 1.18
36 30 1.20 7.50 0.25 1.13
36 30 1.20 9.00 0.30 1.08
40 30 1.33 1.50 0.05 1.70
40 30 1.33 3.00 0.10 1.45
40 30 1.33 4.50 0.15 1.32
40 30 1.33 6.00 0.20 1.23
40 30 1.33 7.50 0.25 1.17
40 30 1.33 9.00 0.30 1.12

*r / d = ratio of fillet to smaller diameter

*D / d = ratio of the two diameters
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1.8 ,
D d
1.7 +
1.6 + =D /d =1.09 [CALC
——D/d=1.2 [CALC
< 15+
S D /d =1.33[CALC
g 1.4+ ——D / d =1.66[Ferdinand P.Beer. et
5 2009]
$ ——D / d = 2[Ferdinand P.Beer. et
B 137 2009]
1.2 +
1.1 +
1 T T T T T T T
0 0.0t 0.1 0.15 0.2 0.25 0.3 0.35 0.4

r/d

Figure 4.1: Stress concentratifactors for fillet in circular shaft

43 RESULT FORD/dEQUAL TO 1.09

The Table 4.2 shows that the result of shear sfoesB/d is equal 1.09. When
150N.m of torque is applied, the shear s produced at r =1.5mm i31.1MPa, r =
3mm is 30.5MPa; = 4.5mm is 28.6MPa, r = 6mm is 25.9MPa, r = 7.5mrM5.1MPe
and r = 9mm is 23.2MI The decreasing value of shear stress from radiufdletf

1.5mmto 9mm is proven by the Equatior.9).
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From the figure 4.which is focus on D/d equal to 1.08hen the raius of fillet
is increased, thiatio of radius of the fillet to the diameter oéthmaller shaft, r/d is al
increased and the stress concentration for thi® e@l decrease. Therefore, t
decreasing value of K will reduce the shear s. The result for torque is equal
150Nm and 1.5mm of radius of fillet from PATRAN sto in figure 4.2. The grap

shear stress versus torque for this case is plottEdyure 4.3.

Table 4.2 : Result of the shear stress for D Afjisal to 1.0

Shear stress, T (MPa)

Torque r=15 r=3.0 r=4.5 r=6.0 r=7.5 r=9.0
(Nm) (mm) (mm) (Mmm) (mm) (mm) (mm)
0 0 0 0 0 0 0
50 104 10.2 9.54 8.62 8.38 7.74
100 20.7 20.3 19.1 17.2 16.8 15.5
150 31.1 30.5 28.6 25.9 25.1 23.2
200 41.4 40.7 38.2 34.5 335 31.0

311+001
Patran 2010 17-May-12 043227 o B9+001

Fringe: Default, A3:Static Subcase, Stress Tensor, , XY Component, (NON-LAYERED) 2. 28+001
Deform: Default, A3:Static Subcase, Displacements, Translational, 1.86+001
1.45+001

1 04+001

6 21+000

2.07+000)

-2.07+000)

-6.21+000)

-1.04+001

-1.45+001

-1.86+001

-2.28+001

297881

default_Fringe :

Max 3.11+001 @Nd 3691
Min -3.04+001 @MNd 368
default_Deformation :
2 Max 4.09-002 @Nd 3691

\\ Frame: 1
s Sce-lle =1.00+000

Figure 4.2 : Result of shear stress for Torque GNLB
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50

—-r=15
——r=3
=h=r=45
—e=| =6
—¥=r=75
=0-r=9

T (MPa)

0 50 100 150 200 250
Torque, N.m

Figure 4.3 : Shear stress versus torque for Dédjisl to 1.0

Figure 4.4 show that the increasing value of tongueffected to the shear stre
From the equation 2.9 wh¢hetorque is decrease and radius of fillet incre the shear

stress become low.

50

o 30 + H\‘\‘“\‘ ——T=50
= —8-T=100
e 20 +

._.\.\._.\. wde=T=150

=>=T=200

[

0 1 2 3 4 5 6 7 8 ¢ 10 11 12
radius of fillet, r (mm)

Figure 4.4 : Shear stress versus radius of
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44 RESULT FORD/dEQUAL TO1.2

The highest torque that applied on this model isSN#O0 The value of shei
stress for r = 1.5mm is equal to 59.2MPa, r = 3rarequal to 59.2MPa, r = 4.5mm
equal to 58.8MPa, r=6mm is equal to 44MPa/.Bmm is equal to 45.1, r = 9mm
equal to 43LMPa. The value of shear stress from radius t#tfis equal to 1.5mm t
9mm is decreased with the same torque. Thdue to theEquation .9, the value of K
depends on theadius of fillet, when thK is decrease, and hence the shear stres:
will decreaseThe result of this case that obtained from FEAl®ted in Figure 4.6
The results thabbtainedshowsthe same trends with result for D/d = 1.09. All tiker

result from FEA willbe attached into the appendices.

N £.92+001
Patran 2010 16-May-12 22:50:1 1 5134001

Fringe: Default, A4:Static Subcase. Stress Tensor. . XY Compaonent. (NON-LAYERED) 4.34+007

Deform: Default, A4:Static Subcase, Displacements, Translational, 3.65+001
2.76+001
1.97+001
1.18+001
3.95+000)

-3.95+000)
-1.18+001
-1.97+001
-2.76+001
-3.65+001
-4 34+001
2431881
default_Frings
Max 5.92+001 @Nd 2236
Min -5 92+001 @Nd 2248

T default_Deformation :
Lz Man 1.14-001 @Nd 2240
- Frame: 3
Scale =6.12-017

Figure 4.5 : Result of shear stress for Torque GN\2th
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== 1r=4.5
—6=r=6
=ie=r=7.5
=0—r=9

0 t f f f

0 50 100 150 200 250
Torque, N.m

Figure 4.6 : Shear stress versus torque for Dedjisl to 1.2

70

60 +

7,MPa

30 + I—I——l\._H ——T=50
20 —8—T=100

. —— —4—T=150
10 + ——

0 1 2 3 4 5 6 7 8 9 10 11 12
Radius of fillet, r (mm)

Figure 4.7 : Shear stress versus radius of fillet
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By increasing the value of torque from 50 Nn200Nm would increase she
stress value from 14.9MPa to 59.2MPa for radiwegjigal to r = 1.5mm. Therefore, t

value of torque is directly proportional to the ahstres:

45 RESULT FORD/dEQUAL TO 1.33

The value of shear stress for r = 1.5mrequal to 34.2MPa, r = 3mm is equa
24.5MPa, r = 4.5mm is equal to 23.9MPa, r = 6mmequal to 23.5MPa, r=7.5mm
equal to 23.4MPa and r = 9mm is equal to 23.1MPanvdpplied the lowest torquAt
the same torque, the shear stress radius of fillet, r at 1.5mm is decreased to
9mm. This is due tthe Equation (2)9 when decreasing the value of K which depe
on the value of radius of fillet, hence the shesrss will reduce. The result of this c:
that obtained from FEA islotted in Figure 4.9The same situation occurred for 1

trendsof the result. The other result from FEA e attached ito the appendic.

Patran 2010 17-May-12 04:03:26
Fringe: Default, A1:Static Subcase, Stress Tensor, , XY Component, (NON-LAYERED) 2 514001

Deforrn: Default, A1:Static Subcase, Displacements. Translational, 2.05+001

23

default_Fringe :
Max 3.42+001 @Nd 3061
Min -3 42+001 @Nd 304
f default_Deformation :
z_ Max 1 69-002 @Nd 3061
) Frame: 3
Scale =612-017

Figure 4.8 : Result of shear stress for the lowssfue, T = 50N.r
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160

T,MPa

0 50 100 150 200 250
Torque, Nm

Figure 4.9 : Shear stress versus torque for Dédjiml to 1.33

Figure 4.10 show that the increasing value of tergu effected to the shear
stress. From the Equation 2.9 when decreasingrgti¢oand increasing the value of

radius, the shear stress becomes low.

160

= \
g 80 +
> \ ——T=50

40 7 ~—~ T=150

—s ¢ ¢ e T=200
0 } } } . }
0 2 4 6 8 10 12

Radius of fillet, r (mm)

Figure 4.10 : Shear stress versus radius of fillet
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46 COMPARISON RESULT FOR DIFFERENT OF THE RATIO OF TWO
DIAMETER SHAFT

The graph in Figure 4.11 conclude that the ratio tiameters shaft of 1.09 has
the lowest shear stress compare to the otherstenghear stress will reduced as the
radius of fillet increase. Therefore, the best giedor radius of fillet is equal to 9mm

because all different cases produced the lowest Stiess than the others.

40
——D/d=1.09
30 - =@-D/d=1.2
D/d=1.33
©
o
s 20 +
C
0 %
0 } f f } f f } f f } f

o 1 2 3 4 5 6 7 8 9 10 11 12
Radiusof fillet, r (mm)

Figure 4.11 : Shear stress versus radius of fdletorque is equal to 50N.m

Figure 4.12 shows the graph shear stress versuuss raffillet for torque is equal
200N.m. The graph shows the same pattern as 50Mis.graph also proves that the
best design for cylindrical shaft which has theoraff two diameters shaft is equal to
1.09.
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160
——D/d =1.09
120 1 ~@-D/d=1.2
D/d=1.33
©
o
=80 +
[3)

40 —

o 1 2 3 4 5 6 7 8 9 10 11 12
Radiusof fillet,r (mm)

Figure 4.12 : Shear stress versus radius of filetorque is equal to 200N.m

Figure 4.13 shows the graph shear stress versggetarhen radius of fillet is
equal to 1.5mm. From this graph, the shear stres®ase while the given torque is
increased and the best design has the ratio ofdameters shaft is equal to 1.09

compare to the others at different torque.

160

140 + —o—D/d=1.09
120 + —@-D/d=1.2

100 + D/d=1.33
&
s 80+

250

Torque, N.m

Figure 4.13 : Shear stress versus torque at r th.5m
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Figure 4.14 shows the graph shear stress versggetavrhen radius of fillet is
equal to 9mm. This graph has the same patternPigiire 4.13. For all cases shows that
when increase the value of torque, the shear sttegsancrease. The lowest shear stress
will be produced the best design. Therefore, fig tase is the ratio of two diameters
shaft at 1.09 is the best design.

100

9 +  —e—p/d=1.09
80 T _m-pid=12

70 +
D/d =133
60 +

50 +
40 +
30 +
20 +
10 +
0 Fs f f f f

0 50 100 150 200 250

T,MPa

Torque,N.m

Figure 4.14 : Shear stress versus torque at r =9mm
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CHAPTERS

CONCLUSION AND RECOMMENDATION

51 CONCLUSION

The stress concentration factor under torsion ienofencountered in the
mechanical design of shaft. It also important &sttspecimen used to investigate effect
of radius of fillet on cylindrical shaft. In thigsearch, the result from FEA will compare

to the equation (Pilkey, W.D. et al. 2008). Theaasion can be made as follows.

a) The value of shear stress will reduced by increpie value of the radius of
fillet. In this case, the radius of fillet is equal 9mm produce the lowest
shear stress compared to others.

b) Ratio of two diameters shaft, D/d with value of 4.3 the best design
compared to the others because it produced thestothe value of shear
stress.

C) The shear stress is directly proportional to thgue.
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52 RECOMMENDATION

After all process done in completing the projecherée have some
recommendation that can be done for the futureareee One of the recommendations
that is need learn more about software or mustrazé/an the software that will use for
research study because it is become easy and tsikertatime to do analysis by using

software.

The other recommendation is mesh of model needecreare refine so the best
result will come out in finite element analysis.etBils study of some component of the
system such as the shaft to include the radiudlef $hould be taken into considered.

Experimental work should be done to verify theseusation results.
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APPENDIX A

RESULT FROM PATRAN ANALYSIS

Ratio of two diameters shaft, D /d = 1.09

Radius of fillet =1.5mm

Torque =50 N.m

Torque = 100 N.m

Palran 2010 07-Jur12 2342 50 102001 Palia 2010 07Jur 2 23 4352 205001
876000 1754001
Fringe: Default A1 ‘Stafic Subcase, Stress Tensor. . XY Component. (NON-LAYERED) 34000 Fiinge: Default. A3 Static Subcase, Stress Tensor,. XY Component, (NON LAYENED) 1474001
Dsform: Default. Al Stafic Subcase, D splacements, Translafional. 5934000 Defom: Default, A3:Stafic Subcase. Displacements, Translational. 1194001
45240007 904400
3.11+0C0) 6.22+001
1.70+0C0) 339+001
285001 5.68-001
-1.13+0C0) -2 26+001
-254+000) <5.08+001
=395+ 000 ~7.90+001
-5.36+0C0) -1.07+001
-6.77+0C0) -1.36+001
-8.19+0C0) -1 64+00]
lits 152
p dofault_Fringe M defauit_Fringe
Max 1.02+001 @hd 5054) \ Max2.03+001 @Nd 505:
Min-1.10+001 @Nd 506(] [ Hin-2.20+001 @Nd 506
defauit_Deformation i default_Deformaion
Max 1.53-002 @NI5I72 WHa 2.78-002 @Nd 6072]

Torque = 150 N.m

Torque = 200 N.m

306+007] 4.07+001
Patran 2010 0 -Jur-12 2344719 i Patran 2010 07-Jun-12 23:44:47 §

2.83+001] 350+001

Fringe: Default. Ad:Stafic Subcase. Stress Tensor. . XY Componentt. (NON-LAYERED) 290+001 Fringe: Default. A5'Static Subcase, Stress Tensor. . XY Component. (NON-LAYERED) 2045001
Deform: Default Ad Static Subcase. Displacements. Translational 1754001 Naform' Nefault. AR Stafic Subease. Nisplacements, Translational, 2374001
1.36+001] 1.81+001

9.32+000; 1.24+001

5.00+000) 679400

8.54-001 1.14+00(

-3.38+000] -4 51+001

~7.52+000] -1.02+001]

~1.19+001] -158+001]

-1.81+001] -2.14+001]

-203+001 2714001
=2.45+001] -3.27+001]
-2.88+001] 3 84+001]
-3.30+001 -4 40+001

defautt_Fringe defautt_Fringe
¢ Max 3 06+001 @Nd 505 Max 4 07+001 @Nd 5054
\)'//J Min -3 30+001 @Nd 5061 Min-4 404001 @Nd 06!
defautt_Deformation default_Deformation
Max4.17-002 @Nd 5072/ Max 5 56-002 @Nd 5072




Ratio of two diametersshaft, D /d = 1.09
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Radius of fillet =3mm

Torque = 50 N.m

Torque = 100 N.m

Patran 2010 07-Junr12 234250
Fringe: Default, A1 :Stafic Subcase, Stress Tensor, , XY Component, (NON-LAYERED)
Defomn: Default, Al ‘Static Subcase. Displacements. Transletional,

1.02+001
8.6+000)
7.34+000¢
£.93+000y
452+000r
3.11+000r
1.70+000)
286001
-1.13+000)
=2.54+000)
-3.95+000)
-5.36+000)
6771000}
-8.19+000)

-9.60+000)
-1.10+001

defaulf_Fringe

Max 1.02+001 @Nd 5054}
Min-1.10+001 @Nd 5060}
defautt_Deformafion
Max 1.36-002 @Nd 5072

Patran 2010 07-Jun-12 23:4352
Fringe: Default, 43:Static Subcase, Sfress Tensor,, XY Component, {NON-LAYERED)
Deform: Default. A3:Static Subzase. Displacements. Translational.

Torque = 150 N.m

Torque = 200 N.m

Min -3.30+001 @Nd BOAC
default_Deformation
Max 4 17-002 @Nd 5072

Patran 2010 07-.un-1223:44119 505001 Patran 2010 07 Jun 12 23:4447 domon
263+001 350+001

Finge: Deault, Ad Static Subcase. Stress Tensor, . XY Component, [NON-LAYERED) 2204001 Fringe: Default, A5 Static Subcase, Sfress Tensor. . XY Component, (NON-LAYERED) 2944001
Deform: Default, A4:Stafic Subcase. Displacements. Translational. 1784001 Deform: Default. A5:Static Subcase. Displacements, Translational. 237+001
136+001 1.81+001)

9:32+001 1.24+001

5.09+00¢ £.73+00

- 654001 114400

R ] -3 38+00 -4 51+001

0+001 762400 -1.02+001

-119+001 -158+001)
-181+001 -2.14+001
-203+001 -2.71+001)
-2 46+001 -327+001)
) )

p default_Fringe defaulf_Fringe
Max 3 05+001 @Nd 5054 §< Max 4.07+001 @Nd 5054

Min-4.40+001 @Nd 506
defauli_Deformation
Max  HE-007 @Nd 5072
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Radius of fillet =4.5mm

Torque = 50 N.m

Torque = 100 N.m

Fallran 2010 08-Jur-12 00.01.08
Fringe: Default, Al Stefic Subcase, Stress Tensor. . XY Companent. (NON-LAYERED)

Deformn: Default, A1:Static Subcase, Displacements, Translational,

default_Fringe
Max 954+000 @1d 2801,

Patran 210 08-Jun-12 00:01:44
Fringe: Defauft, A2 Stafic Subcase, Stress Tensor. . XY Component, (HON-LAYERED)

Deform: Defaul-, A2-Ctatic Subcase. Displacements, Translational,

1.91+00
1.64+001
1.36+001
108001
8.19+001
B5.46+001
2744001
1.06-00:
271400
044400
816400
-1.09+001]
-1.36+001
-1.63+001
214001

ceraur_rmng
Max 1.91+001 @Nd 2801

1 Mn-1.09+001 @Nd 278! Min 2.18+001 @Nd 273
184 defauit_Deformation default_Deformation
K Msx 1 84 002 @Md 2795 X Max 2.68-002 @Nd 2785

Torque = 150 N.m

Patran 2010 07-Jun-12 23£0:48

245+001
Fiinge: Default, A3:Static Subcase. Stress Tensor, . XY Component, (NON-LAYERED) 2054001
Deform: Default. 43:Static Subcase. Displacements. Translational. 1644001

286+001]

ae‘aunfnnge

Max2:36+001 @Nd 2801

2 Min-3.27+01 @Hd 2785
default_Defomnation

Max 401-002 @Nd 2785

=3

Torque = 200 N.m

FPatran 2010 08-Jun-12 00:02:24
Fringe: Default, A4 Static Subcase, Stress Tensor. . XY Component, (NON-LAYERED)
Deformn: Default, Ad Static Subcase, Displacerrerts, Translational,

default_Fringe
Max3.82+001 @Ndt 2801
Min436+001 @Nd 278

default_Defomation
Ma16.36-002 @Nd 2785




Ratio of two diametersshaft, D /d = 1.09
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Radius of fillet =6mm

Torque =50 N.m

Torque = 100 N.m

. 8524001 1724001
Palian 2010 07~Jurr12 2332.02 2 41200 Patran 2010 07-Jur-12 232742
+ 1.48+001
Fiinge: Defailt. A2 Static Subczse, Siress Tensor,. XY Component. (NON-LAYERED) 620400 Fringe: Default A3 Static Sucase, Stress Tensor.. XY Component, (NON-LAYERED) o0
Deform: Dofault, AZ:Static Subcase. Displacerrents, Translational, 4.98+001 Deform: Default, A3:Static Subcase, Displacements, Translational, 9.96+00¢
3.08+001 756+001
257+00( 5.14+00¢
1.36+00 2424000
153001 3.06-001
106100 2114001
2274001 4534001
-3.48+001 -6.95+00!
-468+001 9574001
-5.89+00 -1.18+001]
=7.10+001 -1.42+001]
-8.31+001 -1.66+001]
~452+001 -190+001
default Fringe deault_Fringe
Max 8.62+000 @Nd 2875 Max 1.72:001 @Nd 2875
Min -0.62+000 @Nd 2906 z Min-1.90+001 @Nd 2905|
default_Deformation de"aul_Deflormlion
Max 1.41-002 @Nd 2898 i Max 2 81-002 @ND 2698

Torque = 150 N.m

Torque = 200 N.m

259-001 345+001
Patran 2010 07-Jun-122329 44 o001 Pafran 2010 07-Jur-12 23:30 5 2064001
Fringe Nefault, A7 Static: Subcase. Stress Tensor XY Component, (NON- AYFRFN) 1 35-001 Fringe: Defauit. A3 Static Subcase. Sress Tensor.. XY Component. (NON-LAYERED) 243400
Deform: Default, A2 Static Subcase, Displacements, Translational. 1 50-001 Ueform: Liefaut. A¢ Static Subcase, Lisplacements, | ransiational. 2004001
118-001 1514001
7.72-000 1034001
409-000 5 4400
2 86+001 458001 6.12:001
5.17-000) 423400
-6.80-000 -9.06+00
-104-001 1394001
-1.41-001 1874001
-1.77-001 2364001
213-001 2844001
249-001 559
286-001 B
default_Fringe default_Fringe
Max253:001 @Nd 2875 v Max345+001 @N4 2875
Min-285+001 @Md 2905 Y -2 Min-381+001 @Nd 2905
defalt_Neformation default_Deformation
K] My £22.000 @N4 2308 Max 5 63-002 @Nd 2595




Ratio of two diametersshaft, D /d = 1.09

44

Radius of fillet =7.5mm

Torque =50 N.m

Torque = 100 N.m

Patian 2010 07-Jun12 233317 858000 Patran 2010 D7-Ju-12 233857 1:?'321
7.18+000) H+
Fringe: Default, Af Static Subcase, Siress Tenscr, . XY Component, (NON-LAYERED) 5 98+000) Fringe: Default, A7 Stafic Subcase. Stress Tensor. . XY Component, (NON-LAYERED)] 1204001
Deform: Default, 45:Static Subcase. Displacements, Translational, 478+000 Deforrn: Defautt. A7:Static Subcase, Displacernents, Translational, 955400
8.58+000) 7.15+00(
2.38+000) 4.76+00(
1.18+000) 2.35+00(
-2 48-002] -4 96-00:
-1 23+000) 2 454001
2434000} 485400
3634000 225400
~483+000 065400
6.03:000 1214001
7254000 1454001
-6.43+000)
< -1.69+001
-9.63+000) 1934001
e 008 v 7 e Frnge
ey Ma1 391001 @Nd 2740
Min -9 63+000 @Nd 273¢)
-z Min-193+001 @Nd 273¢
cefaut-Defomaton defauli_Deformation
Max 1 39-002 @Nd 2741 a2 78000 @NG 2741

Torque = 150 N.m

Torque = 200 N.m

Patran 2010 07-Jun-12 23:39:31 i ?;'Zz Patran 2010 07-Jurr12 233652 36000
16+ 287001
Fringe: Default. A8 Staic Subcase, Siress Tensor, . XY Component, (NON-LAYERED) L 28e001 Fringo: Dofaut, A0 Statc Subcaso, Sirogs Tonser, XY Compenont, (NON-LAYERED)
238001
Deform: Defeult, A8:Static Subcase, Displacements. Translafional. 1 434001 Detorm: Defautt A% Siatic Subcase. Dispiacements, Translafional Lo
1074001 1434001
713400 250+000
353400 470+000
743-00: 991002
-3.68+00) -490+000
728400 270+000
-1.09+001 -1.46+001
-1.45+001 -193+001
181400 2414001
2174001 2894001
2534001
2
defaut_Fringe default_Fringe
N Max2.51+001 @Nd 274 S Max3.95+001 @Nd 274
Lz Min-2.39+001 @Nd 275! L2 Min-3.85+001 @Nd 273
default_Deformation defauft_Deformation
Max4.17-002 @Nd 2741 Max5.56-002 @Nd 2741




45

Ratio of two diametersshaft, D /d = 1.09

Radius of fillet =9mm

Torque =50 N.m Torque = 100 N.m

7400 Fefran 2010 07-Jure1 2 205451 155001
Patran 2010 07-Jun-12 235421 1324001
) 658+000f Fringe: Default, A2:Static Subcase. Stress Tensor. , XY Corponent. (NON-LAYERED)
Fringe: Default, Al :Static Subcase, Stress Tensor. . XY Component, (NON-LAYERED) 1.08+001
5.41+000) Deform: Default, A2:Static Subcase, Displacements, Translational
Detorm: Ustault, A1 Static Subcase. Uisplacements, |ranslahonal, 4954000 8.49+00)
3084000 B16-00
1.92+000) 886+(0
250001 150+001
-415001 B9
-1 58+000) 1800
276+000) B4+
3914000 78200
5084000 10200
-6.24+000) -1.25+00
7414000} -1.48+00
=1.71+00
355 ER-
default_Fringe default_Fringe
Max7.74+001 @Nd 2719 Mar1 554001 @Nd 271
Min-9.74+000 @Nd 2704 Min-1.85+001 @Nd 270-
defauit_Deformation default_Deformation
Max 1 33-002 @Nd 2703 Max 2 67-002 @Nd 2708 |

Torque = 150 N.m Torque = 200 N.m

Pallen 2010 07-Jur12 2353 25 28001 FAten 7010 Q717 738577 2634001
Fringe: Default, A3 Stafic Subcase, Stress Tensor. XY Companent, (NON-LAYERED) :2;321 Finge: Default. Ad'Stafic Subcase. Sirecs Tensor.. XY Conpanent. (NON-LAYERED) 2104001
Detorm: Defautt, A3 Static Subcase, Displacements, Transiafional, 1700 Deform: Defauit. A4 Statio Suboase. Displacerrents, Translafionel 170001
3 1234001
7664000
500+000
165000
{ $32:000
2904001 G900 oo
1564001
202001
250001
2964001
3830
defaut_Fringe defauit_Finge
v Mk 2.52+001 @NA 2719, a3 10+001 @Hd 2719
T Min-2.92+001 @N4 2704 M -3.90+001 @Nd 2704
% defaut_Deformaton defauit_Defomation
Jio0 400-002 @3 2703 a5 33002 @ 7703




APPENDIX B

RESULT FROM PATRAN ANALYSIS

Ratio of two diametersshaft, D /d =1.2

46

Radius of fillet =1.5mm

Torque =50 N.m

Patran 2010 07-Jun-1221:43%8
Fringe: Defautt, A1:Stafic Subcase, Stress Tensor, . XY Component, (NON-LAYERED]
Deform: Default. Al Staic Subcase. Displacements, Translational.

default Fings

Ma T 48+001 @Nd 223
Min-1.48+001 @Nc 224
defautt_Defermation

Torque = 100 N.m

Pairan 2010 07-Jun-12 214701
Fringe: Uetault, A Static Subcase. Sress | ensor, . XY Component. (NON-LAY EREL)
Deforr: Default, A2:Stafic Subcase. Displacarmerits. Translafioral.

TN
default_Fringe
Max2.86+001 @Nd 228
Min-298+001 @Nd 224
detault_Deformation

1
Scdle =-7.07-001

Torque = 150 N.m

Torque = 200 N.m

default_Fringe
Max 4 44+001 @Nd 723¢
Min 4441001 @Nd 224
aefault_Defomnation
Max 852-002 @Nd 2240|

Frame: 3
Scale=612-017

Patan 2010 0T 1221 5235 i atan 2010071221 5849 oo
Fiinge: Dfauit, A3 Starc Subcase, Stiess Tensor, X1 Companent, (NON-LATERED) 3264001 Fringe: Default, A4 Static Subcase, Stress Tensor, , XY Component, (NON-UAYERED] 4344001
Deform: Default, A3:Static Subcase, Displecements, Translational, "‘44*00‘ 266+001 Deform: Defauit, A4 Stafic Subcase, Displacements, Translational, ‘5 92+001 555+001|
207+001 2.76+001

1.48+001 1.97+001

858400 1.18+001

298400 3.95+001

-2.96+00( -3 95+001

-8.88+00 -1.18+001

-1.48+001 -1.97+001]

2074001 -2.76+001

-2 664001 -3.66+001]

3264001 4344001

default_Fringe
Mz 924001 @Nd 223
Min -5 92+001 @Nd 224

\< ® default_Deformation
— Max1.14-001 @Nd 2240
Frame: 1

Scale = 1.00+000




Ratio of two diametersshaft, D /d =1.2

a7

Radius of fillet =3mm

Torque =50 N.m

Torque = 100 N.m

Patran 2010 07-Jun-12 21:4568 1
Fiinge: Defauit, Al Stafic Subcase, Stess Tansor, . XY Compenent, INON-LAYERED) 1094001
Ceform: Defauit, Al Static Subcase, Displacements, Translational,

default_Fringe

Max 1 48+001 @Nd 2231

Min-1.48+001 @Nd 224
X dafault_Daformation

Patran 2010 07-Jurr12 21:47.01
Fringe: Default, A2'Static Subcase, Stress Tensor, , XY Component, {VON-LAYERED)
Defom: Default, A2 Stafic Subease, Displacements, Translational,

296+001
2574001
217001
1.78+001

defauit_Fringe
Ma 2 96+001 @Nd 223
Min-296+001 @Nd 224
defautt_Deformation:
Max5.68-002 @Nd 2240
Frame: 4
Scale =-7.07-001

Torque = 150 N.m

Torque = 200 N.m

]

default_Finge

Ma4 44001 @Nd 22
Min-444+001 @Nd 22:
¥ default_Neformation
z Max 852 002 @Nd 2240,
Frame: 3
Scale=5.12:017

L Z

4 D92+

Pstran 2010 C7 Jun 1221562:85 385400 Pafran 2010 07-Jun-12 2156349 51
Finge: Defaut A3 Stafic Subcase, Stress Tensor, . XY Companent, (NON-LAYERED) 32610071 Fringe: Default. A4:Static Subcase, Stress Tensar, , XY Component, (NON-LAYERED) 4344001
Deform: Defaut. A3 Static Subcase. Displacements. Translztional. il 444001 2 664001 Deform: Defauit, 44 Static Subcase, Displacements, Tranglational, '5 92+001 355+001)
276+001]

defaut_inge

Maxb 92+001 @Nd 223

Min -5 82+001 @Nd 224!
default_Deformation

Max 114-001 @Nd 2240

Frame: 1

Scale = 1.00+000




Ratio of two diametersshaft, D/d =1.2

48

Radius of fillet =4.5mm

Torque =50 N.m

Torque = 100 N.m

Pafran 2010 07-Jun-12 2211546
Fringe: Default, Al Static Subcase. Stress Tensor. . X Component. (NON-LAYERED)
Deform: Default, Al Static Subcase, Displacements, Translational.

Patran 2010 07-Jun-122217:42
Fringe: Default, A2 Static Subcase. Stress Tensor.. XY Component. (NCN-LAYERED)
Deform: Defaulf, A2 Static Subcase, Displacements, Translational,

default_Fringe
Max 1.47+001 @Hd 141
Min-1.47+001 @Nd 142
default_Deformation {
Max 2.84-002 @Nd 1430)
Frame: 4

St =-707-001

default_Fringe

Max 2.94+001 @Nd 1410

Min-2.94+001 @Nd 1428
defautt_Deformation

Max 6.66-002 @Nd 1430

Frame: 4

Scale --7.07-001

Torque = 150 N.m

Torque = 200 N.m

Patran 2010 07-Jun-12 221923
Fringe: Jefault, 43 Static Subcase, Stress Tensor, , XY Component, (NON-LAYERED)
Deform Default, A3 Static Subcase. Displacernents, Translafioral.

Pairan 2010 07-Jun-12 222687
Fringe: Defauft, Ad:Static Subcase, Stress Tensor, . XY Component, (NON-LAYERED)
Deform: Default. A4 Static Subcase, Displacementts. Translafional.

dafault_Fringe

Mz 4 411001 @Nd 1410}
Min-441+001 @Nd 142¢]
default_Deformation \
Max8.52-002 @Nd 1430 =
Frame: 2
Scale = 7.07-001

defautt_Fringe :
Max5.88+001 @Nd 141
Min -5 88+001 @Nd 142:
defauli_Deformation
Max 1.14-001 @Nd 1430]
Frame: 4
Scale =-7.07-001




49

Ratio of two diametersshaft, D/d =1.2

Radius of fillet =6mm

Torque =50 N.m Torque = 100 N.m

Pafran 2010 07-Jun-12 22:00:33

Fatran 2010 07-Jun-12 22:07:27
[Fringe: Default. A1 Static Subcase. Stress Tensor. . XY Component. (NON-LAYERED)
Deform: Default, Al Static Subcase, Displacements, Translational,

Fringe: Defautt, A2 Static Subcase. Stress Tensor. . XY Component. (NON-LAYERED]
Deform: Default. A2 Static Subcase. Displecements, Translational,

default_Fringe
Mz:2.281001 @Nd 142
Min-2.25+001 @Ndl 143
defauti_Defcrmation
Max5 65-002 @Nd 143
Frame: 1

Scale - 1004200

dofault_Fringe
Max 1144001 @Mt 142
Min-1.14+001 @Ng 143
defeLlt_Defornztion
Max 283002 @Nd 1435
Frame: 1
Soale = 1.00+000

Torque = 150 N.m Torque = 200 N.m

Patran 2010 07-Jun-1222:11:46 Patran 2010 07-Jun-12 22:10:40

Tringe: Default, Ad:Static Subcase, Stress Tensor, , XY Comgonent (NON-LAYCRLD)
Deform: Defautt. A4 Static Subcase, Displacements, Translational,

Fringe: Defauit, A3Static Subcase, Stress Tensor, . XY Component, ([NON-LAYERED)
Deform: Default. A3:Stafic Subcase. Displacements. Translational.

default_Fringe
Max 4 55+001 @Nd 1421
Min-455+001 @Nd 143
Uefaull_Deformalion
Max1.13-001 @Nd 1435
Frame: 6

Scale =-7.07-001

default_Fiinge
Mz 3424001 @Nd 142
Min -3 42+001 @Nd 143
default_Deformation
Max 8. 48-002 @Nd 1435

Frame 1
Scale = 1.00+000




50

Ratio of two diametersshaft, D/d =1.2

Radius of fillet =7.5mm

Torque =50 N.m Torque = 100 N.m

Patran 2010 07-Jun-122158:14
Fiinge: Default, Al ‘Static Subcase, Stress Tensor, . XY Component, (NON-LAYERED)

Patran 2010 07-Jur-12 22:0057
Fringe: Defauit. A2:Static Subcase. Stress Tensor. . XY Component. (NON-LAYERED)

Daform: Default, Al Static Subcass, Displacements, Transiational, Deform: Default, A2 Stafic Subcase. Displacements, Translational,

F1ER
defauit_Fringe
Max 1.13+001 @Nd 146
MIn-1.15+001 @ 1484
default_Deformation

defauit_Deformation
Max5.67-002 @Nd 1180
Frame:

Seale =-7.07-001 Scale=612-017

Torque = 150 N.m Torque = 200 N.m

Patran 2010 07-Jun-12 2202112
Fringe: Ustault, A3 Static Subcase, Stress lensor, . XY Companent, (NUN-LAYEHED)

Patran 2010 07-Jun-12 22:06:17
Fringe: Defautt, Ad Static Subcase. Stress Tensor.. XY Component, (NON-LAYERED)

Deform: Default, A3 Staic Subcase, Displacements. Transiational, Defuim. Defaull, Ad Slalic Subcase, Displacements, Translalionl,

defauit_Fringe
a3 38+001 @Nl 146
in-5.56+201 @Ng 1457
defauit_Letermation

defalt_Fringe
Max 4.32+001 @Nd 146

>\< defauit_Deforation
Max 1.13-001 @Nd 1480)
M Frame: 8
Scale = 707001

Scake = 1001000




51

Ratio of two diametersshaft, D/d =1.2

Radius of fillet =9mm

Torque =50 N.m Torque = 100 N.m

Pafran 201007 Jun 12 21:23:40
Fringe: Default, A2Static Suncase, Stress Tensar. . XY Camponent, (NON-LAYERED)
Deform: Default, A2:Static Subcase, Displacements, Translational.

Fatran 2010 07-Jun-12 210051
Fringe: Defauit, AT Static Subcase. Stress Tensor. . XY Camponent. (NON-LAYERED)
Deform: Default, Al Static Subcase, Displacements, Translational.

default_Fiinge

Max 1.08+001 @Nd 145+
Min-1.13+001 @Nd 47
dofault_Defomation
Max 2 84-002 @Nd 1461

default_Fringe
Max 216+001 @Nd 145
Min225+091 @Nd 147
default_Defomation
}ax568-002 @Nd 1461

Torque = 150 N.m Torque = 200 N.m

Patran 2010 07-Jun-12212752 Patran 2010 07-Jun-12 21:3085
Fringe Default. A3 Static Subcase, Stress Tensar. . XY Component, (NON-LAYERED) Fringe: Defaltt AdStafic Subcase, Strass Tensor, , XY Conponent, (NON-LAYERED]

Ueform: Default, A3'Static Subcase, Lisplacements, Iransiational, Deformn: Defaull, A4 Static Subcase. Displacements, Trans ational,

default_Fringe
v Max 2284001 @Nd 145 . default_Fringe
- Min-£.36+001 @Nd 147 ! Max 431+061 @Nd 1454
W defauit_Deformation L Min-451+001 @Nd 1471
M € 51-002 @Nd 1461 W detault_Leformaton

Ml 14001 @Nd 1481




APPENDIX C

RESULT FROM PATRAN ANALYSIS

Ratio of two diametersshaft, D /d = 1.33

52

Radius of fill

et =1.5mm

Torque =50 N.m

Torque = 100 N.m

Pattan 2010 07ur-12 28242 Saay AN 2010 0T-Jun12 22 06.02 Zgzzom
Fringe: Default, Al Static Subcase, Stress Tensor, XY Component, (NON-LAYERED) zgg:gz: Fringe: Default, A2 Static Subcase, Stress Tensor, , XY Component, (NON-LAYERED) 5134001
Deform: Default, Al Static Sutcase, Displacements, Translzfional 2144001 Neform' Nefault. A2 Static Subcase. Nisplacements. Translational 4.28+001
1.71+001]
1.28+001
853+00
4.25+001
-3.68-00:
-432+001
-861+00
-128+001
-1.72+001
2164001
e
v default_Fringe v defaulf_Fringe
f Ma 3 424001 @Nd 3061) Max 5851001 @Nd 3C6 )
R’\ . Min -3.00+001 @Nd 304 L‘_j Min-5.01+001 @Nd 304
defaull_Deformalion ~X default_Deformation
Max 159-002 @Nd 3061 Max 8.18-002 @Nd 3051

Torque = 150 N.m

Torque = 200 N.m

Patran 2010 07-Jun-12 25 07:18
Fringe: Defauft. A3 Static Subcase, Stress Tensor, , XY Component, {NON-LAYERED)
Deform: Defauit. A3:Stafic Subcase. Displacements, Trarslational.

3.85+001

-172+00
-a01+00

defautt_Fringe

¥
! Max 1.03+002 @Nd 3061
[y Min-8.01+001 @Nd 304
* defauli_Defomation

1z 477-002 @M 3061

Patan 2010 07-Jun-12 23:07:51
Frirge: Defauit, A4 Stafic Subcase, Stress Tensor, , XY Component, (NON-LAYERED)
Deform: Defaur, A4:Static Subcase, Displacements, Translational,

defauli_Fiinge
Mas 1 37+002 @Nd 3061

Min -1 20+002 @Nd 304
default_Dsformation
1M 6.57-002 @Hd 3061




Ratio of two diameter s shaft, D

/d=1.33

53

Radius of fillet =3mm

Torque =50 N.m

Torque = 100 N.m

dofault_Fiinge
Mu 2.45+001 @Nd 293
Min-2.45+001 @Nd 295
default_Deformation
Max 1.54-002 @Nd 2962
Frame: 1
Scale =100+000

2454001 4894001

Pafran 2010 07-un-12 2251 01 2194001 Petran 2010 07-Jun-122252:33 124:001
Fringe: Defautt, AT:Static Subcase. Stress Tensor.. XY Gomponent. {NON-LAYERED) 1704001 Fnge: Uefault, A2:Static Subcase, Siress lencor. XY Companent, (NON-LAYEREL) 3694001
Defomn: Default AT:Sratic Subcase, Displacements, Translationdl, 147:001 Deforn Defau, A2 Stafc Subcase, ispiacemants, Transatonal, 2944001
1144001 228+001

8154 1681001

2 03+001 483+000) 4894001 9.78+000)

163+000) 3264000

N -163+000) -3.26+000)

oo 4594000 001 9784000

815+000) 1634001

-1.14+001 2284001

1474001 2944001

-1.79+001 -350+001

2 Bt

default_Fringe
Max 4 89+001 @Nd 293
Min-4.39+001 @Nd 293!
defzull_Defurmalion
Max 3.08-002 @Nd 295:
Frame: 6
Scale =-7.07-001

Torque = 150 N.m

Torque = 200 N.m

Pairan 2010 07-Jun-12 2253 28
Fringe: Default, A3 Static Subcase. Siress Tensor. . XY Component, (NON-LAYERED)
Deform: Default, A3:Static Subcase, Displacements, Translational,

7344001

4/[1+001

default_Fringe :
Mz 7341001 @Nd 2935
Min -7 34+001 @Nd 293¢
defrut_Neformation
Max 4 62-002 @Ndl 2952
Frame: 8
Scale=7.07-001

Patran 2010 07-Jun-12 225402
Fringe: Default, A4:Static Subcase. Stress Tensor, . XY Component, (NON-LAYERED)
Deform: Defautt, AdStatic Subrase, Displacements, Transleticnal,

9784001

defaut_Fringe
Max 3 78+001 @hd 293
Min-3.78+001 @Nd 283
defautt_Deformation
Max 6 16-002 @Nd 2352
Frame: 2

Scae =7 07001




Ratio of two diametersshaft, D /d = 1.33

54

Radius of fillet =4.5mm

Torque =50 N.m

Torque = 100 N.m

Patran 2010 07-Jun-12 22:45°11 239001 Patrar 2010 07u12 224615 armon
Fiinge: Default, Al Static Subcase. Stress Tensor.. XY Companent. (NON-LAYERED) ? 32:22 Fringe: Default, A2 Static Subcase. Siress Tansor,. XY Componant, (NON-LAYERED) :lﬁ:gg:
Deform: Default. A1 Static Subcase, Displacements, Translational, 1414001 Deform: Defauit, A2 Static Subcase. Displacements. Translational. 2814001
1.08+001 2.16+001
753+000) 1514001,
4.26+000) 853+000)
1.00+000f 2.00+000)
-2.27+000f -4 534000}
-5.58+000f -1.11+001]
-8.79+000¢ -1.76+001)
-1.21+001] 2414001
-1.63+001] -3.06+001
-1.86+001 -3.72+001
e g
M default_Fringe v default_Fringe
Max 2 39+001 @Nd 323 Mas 4 77+001 @Nd 323
X z Min-251+001 @Nd 325¢ Min-5.02+001 @Nd 325
default_Deformafion defautt_Deformarion
Max 1 57-002 @Nd 3268 Max 3 144102 @Nd 3758)

Torque = 150 N.m

Torque = 200 N.m

Pairan 2010 07-Jure12 22 46:43 ;liiggl Falran 2010 07-Jun-12 224708 gijizgl
Fringe: Default, A3 Stafic Subcase, Siress Tensor,. XY Camponent, (NON-LAYERED) 2204001 Tringe: Default, Ad:Static Subcase. Stress Tensor.. XY Cornponent. (NOK-LAYCRLD) 5030001
Deform Default A9 Siatic Subcase, Displacements. Transiational 420001 Deform: Defaut, A4 Static Subcase, Displacements, Translational, 5624001
1590001 saua] s
2264001 3014001
1284001 1714001
3.00+00( 1.00+001
580400 9.03+00)
1661001 2214001
2644001 BE2401
362+00] -482+00]
-460+00] 513400
558400 744400
e 15t
b¢ fo'?u:‘ éfgg%udszc v ol
z " Max 8 £4+001 @ N 3235}
K Min-754+001 @Ng 328 ii-1 00+002 @Nd 3258}
defauit_Deformation default_Deforrration
Max 4.71-002 @Nd 3253 Jjex 28002 BN 3258




Ratio of two diametersshaft, D /d = 1.33

55

Radius of fillet =6mm

Torque =50 N.m

Torque = 100 N.m

Patran 2010 07 Jun 12 22:31:35
Fringe: Default. Al Stafic Subcase. Stress Tensor, . XY Component. (NON-LAYERED)
Deform: Default. A1-Static Subcase. Displacements, Translational,

Y defautt_Fringe

\ Max 2 35+001 @Nd 3520

%z Min-3.03+001 @Nd 351F}
defautt_Deformation

Max | 59-002 @Nd 3515

Patran 201007 Jun 12 22:38:27

Defoim. Defeull, A2 Slalic Subcase, Displacernenls. Transll onal,

Fringe: Defzult. A2:Stafic Sbcase, Stress Tensor. . XY Component. (NON-LAYERED)

defauft_Fringe
Max470+001 @Nd 3624
Min-6.05+001 @Nd 3515

dofautt_Doformation
Mae 3 19-007 @Nd 8F1E

Torque = 150 N.m

Torque = 200 N.m

Patran 2010 07-Jun-1222:3854
Fringe: Default, A3:Static Supcase, STess Tensor. . XY Component. (NON-LAYERED)
Doform: Dofault, A3-Static Subcase. Displacoments, Translational,

-6.93+001]

-8.01+00]
-0.08+001
default_Fringe
Max 7 06+001 @Nd 3520
\/XZ Min -6 08+001 @Nd 3514}
default_Deformation
Max 4./8-002 @Nd 8b15

Patran 2010 07-Jun-12 22:39 56

Defom: Defauit, A4:Static Subcase. Displacements, Translafional.

Fringe: Default. Ad:Static Subcase. Stress Tensor. . XY Componenr. (NON-LAYERED)

default_Fringe
Max 2.40+001 @Nd 352
Mir -1 21+002 @Ndt 851
default_Defonnation

Max 6:37-002 @Nd 3515}




Ratio of two diametersshaft, D /d = 1.33

56

Radius of fillet =7.5mm

Torque =50 N.m

Torque = 100 N.m

Patran 2010 07-Jur-12 23:12:23
Fringe: Defautt. Al Static Subcase, Sfress Tensor, . XY Component, (NON-LAYERED)
Deform: Default. Al ‘Static Subcase, Displacements, Translational, 1.40+001

34+001

default_Finge

{ Max 2 34+001 @Nd 2689)

_z Min-233+001 @Hg 300
default_Defornation

Max 1 53002 @Nd 2957

Patrzn 2010 07-Jun-12 23:13:16
Fringe: Defautt, A2 Static Subcase. Stress Tensor. . X Componenit. (NON-LAYERED)
Defom: Defaulf, A2 Stafic Subcase, Displacements, Transiational.

default_Fringe
Ma 4 67+001 @Nd 295
Min-466+001 @Ng 300
defautt_Defomaton
Max 306002 @Nd 2087

Torque = 150 N.m

Torque = 200 N.m

Palian 2010 07-Jurr12 23 1352
Fringe: De’ault, A3:Stafic Subcase, Stress Tensor, . X Componznt, (NON-LAYERED)
Deform: Default. A3 Static Subcase, Displacements, Translational.

99+007

i

+001

default_Fringe
I Max7.01+001 @Nd 2956
\ s Min6.90+001 @Nd 3002

defauit Deformation

Max 469-002 @Nd 2987

Patran 2010 07-Junr12 231048
Fringe: Defautt, Ad:Static Subcase, Stress Tensor, . XY Companent, (NON-LAYERED]
Defom: Default. A4 Stafic Subcase. Displacements. Translational.

-6.16+001
-1.86+001
-310+001

default_Fringe
M2 9.34+001 @Nd 298¢
Min-033+007 @Nd 3001
default_Deforration
Max 6.12-002 @Nd 2987
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Ratio of two diametersshaft, D /d = 1.33

Radius of fillet =9mm

Torque =50 N.m Torque = 100 N.m

2314001 462+001
Patran 2010 07 Jun 12 2257:42 2014001 Patran 2010 07-Jur-12 225823 1014001
2014 +(
Fringe Nefault, ATStatic Subcase, Strass Tensor, . XY Component, (NON-| AYFRFN) 1704001 Fiinge: Default, A2 Static Subcase, Stress Tensor, , XY Component, (NON-LAYERED) 2414601
Deform: Default, Al:Stafic Subcase, Displacements, Translational, 1401001 Deform: Defaut. A2 Stafic Subcase. Displacements, Translational, 280401
1.10+001, 2.20+001
7.96+000; 59+G01
4434000 0874001
1.91+000) 3.82+00
-1.11+000) 222400
-4.14+000) -8.27+00)
~7.18+000) -1.43+001)
-1.02+001] -2.04+001)
-1.32+001] =2.54+00 |
-1.62+001] -3.25+001)
-1.93+0011 - i
331001 B ool
default_Fringe default_Fringe
v Max2 31+001 @Nd 813 Max 4 62+001 @Nd 3137|
r/l Min 2231001 @Nd 311 Min-4 46+001 @Nd 3114
defauit_Deformation defauft_Deformation
® Max 1 54-002 @Nd 3157] Mz 3.08-002 @Ni 3137
8.23+001
£52¢001 Patran 2010 07-Jun-12 226917
Patran 2010 07-Jun-12 225854 8.02+001
; 6.02+001 Fringe: Defauit, Ad:Static Subcase, Stress Tensor,, XY Componert, (NON-LAYERED)
Fringe: Default, A3:Static Subcase, Stress Tensar, , X Camponent, (NON-LAYERED) 5114001 681+001
Deform: Defauit. A3:Static Subcase. Displacements, Translational. Detorm. staur. A4 Statc S.bcase, Lsplacements, raneiatonal 560+001
433+001
3184001
1.97+001
T64+001
-4 45400
-185+001
-2:86+001
-4.07+001
5.28+001
-5:49+001
-1.70+001
8914001
default_TTings defaul_Finge
v Max6.92-001 @ld 213 Hex 9 23+001 @Ng 3137
L Min6.68+001 @Nd 311 Yo, Wi -C1+00] @3 3114
defe.f_Defomation \i/ defau;' Deformation
Max 4.62-002 @Nd 3137 iy
3 ® Max6.15-002 @Nd 3137




