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Abstract

In coupling of shafts two shafts are connectedvarous applications. For connecting the shaftgratient is
necessary otherwise misalignment leads to developwofestresses in coupling. By using differentaypf disc
with different shapes it is possible to reducedtiesses and deformation. This study focuses matiheahand FEA
results of three different load cases which arthofe kinds; first is bolt pretension, second i peetension with
radial misalignment, and third is bolt pretensiathwadial misalignment and torque. In FEA studwtis structural
analysis method is used to find deformation & stees Ansys tool is used for FEA study, & discusgkish type of
disc profile is suitable for Disc coupling. To bagg the results obtained by FEA study Mathematicateling is

done to find deformation & stresses.
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1. INTRODUCTION

A coupling is a device is used to connect two shaft
together at their ends for the purpose of tranggitt
power. The main use of couplings is to join two
pieces of rotating equipment while permitting some
degree of misalignment or end movement or both.
Misalignment reduces the life span, reliability of
motors & their associated components. Poor choice
& design of a flexible coupling results in unwanted
mechanical vibration in rotating machinery. The
effects of excessive vibration may lead to the
premature failure of connected machinery, reduced
efficiency and may causes effect on worker’s health
and comfort.

Flexible couplings are used to transmit torque from
one shaft to another when the two shafts are $fight
misaligned. Flexible couplings may be
accommodating varying degrees of misalignment up
to 3° and some parallel misalignment. Further, they
can also be used for vibration damping. The uses of
flexible coupling in industry are pump sets,
compressors, wind turbine, generator sets, general
purpose heavy duty applications.

A flexible coupling subjected to torque,
misalignment and speed reacts on the connected
parts. These reactions not only affect the lifethaf
coupling but the life of the equipment as well.
Resulting moments and forces may cause
unacceptable loads on the bearings, seals, the
equipment shafts and even the equipment support
structure that can cause them to wear, twist, defor
and even fail prematurely. This can create
unexpected downtime and increased maintenance,
so increase the operating cost of the equipmen
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Fig.1 Flexible Rubber Disc Coupling

There are three basic functions of flexible couplin
1) Transmit power
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2) Accommodate misalignment
3) Compensate for end movement

2. DISC COUPLING

In 1971, Zurns Mechanical drives division developed
a multiple diaphragm design, with number of thin
plates in parallel, instead of a single thick ombis
type of design provides improve flexibility & lower
stresses, as the stresses are proportional tabeeat
the material thickness. The disc coupling is atdda

in a number of forms, all have the driving & driven
bolts on the same bolts on the same bolt circle Th
flexibility of misalignment that each type can hind
depends upon the length of the material between
bolts. Disc coupling on the other hand, use a saie
thin laminates to form one ring, or disc pack unit.

In our project we work on the two disc profile,
straight sided disc profile & scalloped disc prefil
The two most commonly used blade types are
Straight-sided and scalloped flex discs. Roundsdisc
are still commonly used in many older coupling
styles. Because of these designs, less pre-stigtch
required than with scalloped designs because fhere
less torsional windup under load. So less preddiret
is required, because of this straight-sided diges a
easier to assemble. Each type is suited to paaticul
applications. By FEA analysis we have to decide
which type of shim is best suitable for coupling.

Fig. 2 Common Blade Types

3.0 OBJECTIVES, PROBLEM DEFINITION,
SCOPE

3.1 Objectives

Many researchers had done analysis to find out shim
failure and however in the different applicationscd
failures are different also causes are different,
therefore it need to study the misalignment problem
to improve shim coupling life. Main objectives are

» Prepare a Finite element Analysis for Straightdide
& Scalloped Shim profile.

» Check the deformation & Stresses of two different
shim profiles for same loading & boundary
condition.

* Prepare Mathematical Radial
Misalignment.

 Find out the optimum one for Shim Coupling.

Modeling for

3.2 Definition of problem

In shim coupling different types of shim profilesea
used to transfer power from one shaft to the oliyer
taking different misalignment. In running conditjon
transmitting power with misalignment the disc bend
& various stresses are induced into the shim mrofil
The intensity of various stresses induced in shim i
depending upon shim profile. In circular disc stiess
are more as compare to straight sided disc. In ahse
straight sided shim the stresses are less at thesed
between two bolts. And failure of disc is occurshet
portion between two bolts. If material is removed
from the edges then it becomes scalloped shim. Due
to the shim can bent very easily, so it can takeemo
misalignment with minimum torque. The problem
under consideration is to investigate the Deforomati
& Various Stresses in Shim profile due to

« Bolt pretension

« Radial Misalignment

« Peak Torque

3.3 Scope of the project

In shim coupling we used two types of shim profile

i.e. straight sided & scalloped shim. Shim coupling
subjected to axial misalignment, angular

misalignment & radial misalignment.

The scope of the project focus -:

» Create a model of shim coupling assembly using
Pro-E (wild fire 5.0).

» Analysis the Shim/Disc using FEA software

(ANSYS 13).

» Mathematical Modeling for disc.

» Comparative study for both straight sided &

scalloped shim/disc.

4.0 INTRODUCTION OF PRO-E MODELING

Total assembly of Shim coupling has done in the
software Pro-engineer. Pro-engineer is a paragetri
integrated 3D CAD/CAM/CAE solution maufactured
by Parametric Technology Corporation (PTC). Pro-
engineer was leading successful, parametric, featur
based, associative solid modeling software in the
market. The application run on Microsoft Window,
Linux and UNIX platforms, and provides assembly
modeling, solid modeling and drafting, finite elame
analysis, and NC and too long functionality for
mechanical engine.
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Pro-E is modeling tool used for the modeling of the

component and assembly for analysis purpose. This
tool also used for analysis purpose. By using this
software we can construct different models.

5.0 FINITEELEMENT ANALYSIS

The Finite Element Method (FEM) is a numerical
technique for finding approximate solutions of frt
differential equations (PDE) as well as of integral
equations. Its practical application often known as
Finite Element Analysis (FEA). Finite Element
Analysis is a simulation technique which evaluates
the behavior of various parts, equipment and
structures for various loading conditions including
applied forces, temperatures & pressures. So a
complex engineering problem with non-standard
shape and geometry can be solved using finite
element analysis where a closed form solution is no
available.

The finite element method has become a powerful
tool for the numerical solutions of a wide range of
engineering  problems. It was developed
simultaneously with the increasing use of the high-
speed electronic digital computers and with the
growing emphasis on numerical methods for
engineering analysis.

5.1  General description of the method

In engineering problems there are some basic
unknowns. If these unknowns can found, the
behavior of the entire structure can be predicted.
Basic unknowns or the Field variables which are
encountered in the engineering problems are
velocities in fluid mechanics, displacements inicsol
mechanics, temperatures in heat flow problems and
electric and magnetic potentials in electrical
engineering. In a continuum, these unknowns are
infinite. In the finite element procedure reducasts
unknowns to a finite number by dividing the soluatio
region into small parts called elements and by
expressing the unknown field variables in terms of
assumed approximating functions (Interpolating
functions/Shape functions) within each element. In
this method approximating functions are defined in
terms of field variables of specified points called
nodes or nodal points. So in the finite element
analysis the unknowns are the field variables ef th
nodal points. If these are found then field varesbat
any point can be found by using interpolation
functions.

The no. of steps involved in the finite element
analysis are

1) Chose suitable field variables and the elements.
2) Discritise the continua.

3) Select interpolation functions.

4) Find the element properties.

5) Arrange element properties
properties.

6) Impose the boundary conditions.
7) Solve the system equations to get the nodal
unknowns.

8) Do the additional calculations to get the required
value

to get global

5.2 Boundary conditions

In this analysis pump end hub keep fixed & torggie i
applied at the spacer as shown in figure. Also gjive
the bolt pretension at six bolts. This coupling can
take 0.5 angular misalignment, 1.4 mm Radial
misalignment & 1mm axial misalignment.

Fig. 3 Boundary Conditions
5.2 Stressanalysis

Stress analysis is the determination of various
stresses i.e. equivalent stress, Principal streShear
stress etc in the straight & scalloped disc cogplin
After finding the stresses in disc we select the
suitable disc for coupling. For that purpose wesel

the area between two bolts. Because that area just
bent by taking actual Axial misalignment, Angular
misalignment & Radial misalignment. At this area
stress is minimum at outer edges. So we can reduce
this area so the straight sided disc becomes gedllo
disc.

5.3 FEA result
The aim of this project is to find out the suitable
Shim profile for Shim coupling. In our project we

select two types of Shim profile i.e. straight side
Scalloped Shim profile. Scalloped profile is the
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modification in the straight sided profile as. st
project we study the stress analysis of shim prdfil
software Ansys 13 & validate the result of Straight
sided Shim profile with mathematical modeling.

5.4 FEA result for three steps

FEA results are the get for both straight sided &
scalloped Shim. In this result we find principlesss,
shear stress, equivalent stress & total deformation
For this analysis there are three cases i.e. axial
misalignment, radial misalignment & angular
misalignment. And for each case we tabulate the
result in three steps. In first step we find theuiefor

bolt pretension. In second step we find resultbioit
pretension + Radial misalignment. In third case we
find the result for bolt pretension + Radial
misalignment + torque applied.

6.0 RADIAL MISALIGNMENT
In this project for analysis purpose, Radial
misalignment takes 1.4 mm. In Radial misalignment

axis of one shaft is misalign with 1.4 mm alongsaxi

For bolt pretension following results are obtaired
6.1 Total deformation -:

00

Fig. 4 Total deformation for straight sided &

scalloped disc

The deformation at area in between two bolts is
0.2531 mm & for scalloped shim is 0.0625 mm. The
deformation at area in between two bolts is 0.26215
mm & for scalloped shim is 0.046013mm. From

above analysis we conclude that for same input,
deformation is minimum in scalloped shim profile as

compared to straight side shim profile.

6.2 Maximum principle stress -:

Fig. 5 Max. Principle Stresses for straight sided &
scaloped disc

Maximum principle stress developed in straight shim
is 99.704 N/mrh & for scalloped shim is 46.595
N/mn?. Principle stress developed at area between
two bolts is 100.12 N/mfrfor straight sided shim &

for scalloped shim it is 46.81 N/nfnSo we conclude
that for same input, maximum principle stress
developed in scalloped shim is less as compared to
straight sided shim.

6.3 Shear stresses -:

] g
e

o

Fig. 6 Shear Stresses for straight sided & scatlope
disc

Shear stress developed in straight shim is 36.515
N/mn?¥ & for scalloped shim is 12.311 N/ninShear
stress developed at area between two bolts is 80.92
N/mn for straight sided shim & for scalloped shim it
is 12.307 N/mrh So we conclude that for same
input, shear stress developed in scalloped shigsts

as compared to straight sided shim.

6.4 Equivalent stresses (von-mises)
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Fig. 7 Equivalent Stresses for straight sided &

scaloped disc

Equivalent stress developed in straight shim ig%3.
N/mn¥ & for scalloped shim is 43.75 N/nfm

7.0 BOLT PRETENSION +
MISALIGNMENT

This is the second step of analysi this
analysis bolt pretension & particular misalignment
input given to coupling & results are tabulatedeTh
results of second step are as follows:

RADIAL

7.1 Total deformation

an00 )

Fig. 8 Total deformation for straight sided &
scaloped disc

The deformation at area in between two bolts is
0.1875 mm & for scalloped shim is 0.15625 mm.

7.2 Maximum principle stress

nnnnn

Fig. 9 Max. Principle Stresses for straight sided &

scaloped disc

Principle stress developed at area between twea bolt
is 142.94 N/mrh for straight sided shim & for
scalloped shim it is 142.94 N/nfm

7.3 Shear stress

Fig. 10 Shear Stresses for straight sided & scdlope
disc
Shear stress developed at area between two bolts is

100 N/mnf for straight sided shim & for scalloped
shim it is 100 N/mrh

7.4 Equivalent stresses (von-mises)

5000 )

il oo
000 000

Fig. 11 Equivalent Stresses for straight sided &

scaloped disc

Equivalent stress developed at area between tws bol
is 43.75 N/mrm for straight sided shim & for
scalloped shim it is 43.75 N/nfm

8.0 BOLT PRETENSION +
MISALIGNMENT + TORQUE

RADIAL

This is the third step of analysis. In this stegt bo

pretension value, particular misalignment & torque
inputs are given to coupling & results are tabuate

For all three cases bolt pretension & torque remain
constant.

8.1 Total deformation
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Fig. 12 Total deformation for straight sided &

Equivalent stress developed at area between tvis bol
is 218.75 N/mrh for straight sided shim & for
The deformation at area in between two bolts i¥9.3 scalloped shim it is 218.75 N/nfm

mm & for scalloped shim is 0.2625mm

scaloped disc

9.0 MATHEMATICAL RESULT-:
8.2 Maximum principle stress 9.1 For bolt pretension (time-1) -:

—— 495mm
60 mm 25mm

—

Fig. 13 Max. Principle Stresses for straight sided i i
Maximum deflection &f = 0.33746 mm.

scaloped disc We Know,
f= W
Principle stress developed at area between twe bolt E w603
is 117.81 N/mrh for straight sided shim & for 0.33746 = T
scalloped shim it is 117.81 N/nfm BximmT R
W=229.29 N

8.3 Shear stress
M=wx[=229.29x 60 = 13757.4 N.mm

We know that

M ab E

I y R

= 224520 2 95304 mrh, y =222 = 2.4765 mm

— ob = T x 2.4765 = 134.59 N/mmfy
Fig. 14 Shear Stresses for straight sided & scdlope ~ We have the formulae for Principle stress-:
i P ob®
disc Principle Stress = 2 + (? ) +T¢
_ say

WhereT = Shear Stress Bup = =
Shear stress developed at area between two bolts is T "r Ib
100 N/mnf for straight sided shim & for scalloped S= Shear force
shim it is 100 N/mrh For cantilever beam S =W

SO S=W=229.29 N
8.4 Equivalent stresses (von-mises) Shear stress is given by

_ 229,29 = (25 x4.953) = 1.2382
B 253.14 % 25
T=5.554 N/mr
Principle stresses are given by-:
uja] aby t
Principle Stress = > + (?) + T2

_ 134,59 (134-.59

2z
2z
5 5 ) + (5.554)

Fig. 15 Equivalent Stresses for straight sided &

scaloped disc
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rikiple stresses =
134.818 N/mrf
9.2 For bolt pretension + axial misalignment (time-
2)

———— 0. 4053 mm
&0 mm 25mm

Maximum deflection &f = 0.15625 mm.

We Know, &f = “ﬂ[

0.15625-=— 5" ___

25- 4;:33

3+ 19325 Te(———— s
W= 106.166 N
M =w x| =106.166x 60
M = 6369.975 N.mm
We know that
M ob E
I vy R
= % | =253.14 my y =22 =2.4765 mm
ob = Z22 24765 = 62.318 N/mm2
We have the formulae for Principle stress-:
ob oh?
Principle Stress = = + Il= |+T
= 4y

WhereT = Shear Stress, ButT = 5%, S= Shear

force, For cantilever beam S =W
SO0 S=W=106.166 N
Shear stress is given by
106.166 = (25 = 4.953) = 1.2382

253.14 x 25
T =2.57N/mn.
Principle stresses are given by-:

. _ chb ||T_
Principle Stress = 5 + J (—] + 7

+ (2.57)F

£2.318 |(62.318 ]=
2 i-\] 2

Principle stresses = 62.42 Nfmm

9.3 For bolt pretension + axial misalignment +
torgue (time-3)
For Torque Consideration-:

We have the formula for Torque required,
T'=Force=r

Here, T = 4.34x1ON-mm, r =60 mm.
Therefore 4,34 x 10% = B 4 Bmm

F = 72333.33 N.

M=w x|, M=72333.33 x 0.4375= 31645.B3mm

M
ch = T3V

ob = R 24765 = 309.59 N/mm?2

252.14
W

Shear stress is given by-:
Sr.'_].

T=

S= 72333.381

60 mm

w

60 mm

25 mm

a=25 =60

y=15mm
bd®

I=E

I= E‘%ﬁ"g = 450000 mrh

25 mm

72333.33 ® (25 = 60) = 15
450000 = 25

T = 144.66 N /mm?
Principle stresses are given by-:
—

cb cb -
Principle Stress = = + -dl( ] +7T

309.59 309.59 +° i
+ |( ] + (144.66 )

Principle stresses = 366.6629 Nfmm
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10. RESULT AND DISCUSSION:

A result shows the comparative study of stresses,
deformation in straight sided disc and scallopest.di
Load cases are of three kinds first is bolt prétens
second is bolt pretension with radial misalignment,
and third is bolt pretension with radial misaligmmne
and torque.

Shear stress developed in straight sided shim by
mathematical calculation is 144.66N/m& by FEA
146.17 N/mrfA. This shows that mathematical results
& FEA results are approximately same. Also results
for principal stresses and equivalent stresses are
approximately same.

11. CONCLUSIONS

From above results, it is observed that the stress
concentration is less at the middle portion between
two bolts. Stress concentration is very less at the
outer edge middle portion of the disc. If we conepar

the FEA results of both straight sided & scalloped

REFERENCES

[1] Jon Mancuso, Joe Corcoran, What are the
differences in high performance flexible
coupling fo turbomachinery

[2] Joe Corcoran, Douglas Lyle, Advances in Gas
Turbine Couplings.

[3] John Kuek, Dan Nower, Frank Hale, Motor shaft
misalignment verses efficiency analysis.

[4] C.B Gibbons, Robert E. Munyon, The application
of flexible coupling for Turbomachinery.

[5] V. Hariharan, P.S.S. Srinivasan, Vibrational
analysis of Flexible Coupling by considering
unbalance, World applied science Journal
8(8):1022-1031, 2010 ISSN 1818-4952.

[6] D. Deepak , V. K. Gupta and A. K. Dham, Creep
modeling in functionally graded rotating disc of
variable thickness, Journal of Mechanical
Science and Technology 24 (11) (2010)
2221~2232.

disc, then it is observed that various inducedssee
(Equivalent stresses, Shear stresses, Principal
stresses) are less in scalloped disc as compare to
straight sided disc. So vibrations induced & load
acting on both driven & driving equipment are
reduced. Therefore overall life, efficiency, cost &
working ability of coupling will be improved.
Scalloped discs are failing in the center section
between the bolts and not at the flex point near th
bolts. FEA analysis shows that higher working
stresses are observed in the scalloped disc between
and near the bolts. Therefore failure should typica
occur at the flexing points near the bolts. Failure

the center of the disc may be more related to stres
concentrations resulting from the manufacturing
process than to the application conditions.

It is concluded that the use of scalloped disceimdt
of straight sided disc gives better results in the
application of Disc coupling from FEA analysis.

[7] K.M. Al-Hussain, Dynamic stability of two rigid
rotors connected by a flexible coupling with
angular misalignment, Journal of Sound and
Vibration 266 (2003) 217-234.

[8] Technical Data Sheet, Hamilton Precision Metals
1780 Rohrerstown Road, Lancaster, PA 17602

[9] Strength of Materials, R.S.Khurmi, S.Chand
Publications, 28 Edition, Page No. 349

[10] Strength of Materials, Ramamruthm, Dhanpat
Rai Publications, Page No. 658

[11]http://news.altramotion.com/index.php/2010/05/d
isc-couplings-101

[12]http://www.accentbearing.com/power%2520trans
mission%2520products/couplings/F.jpg &
imgrefurl

[13]http://mwvww.macsteel.co.zalfiles/709m40_en19.pd
f

[14]http://www.tatasteelnz.com/downloads/HighTens
_AISI4140.pdf

44



