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FINITE ELEMENT ANALYSIS OF SPUR GEAR SET

V.S.N KARTHIK BOMMISETTY

ABSTRACT

A Finite Element procedure has been developelisnork to determine the load
distribution factor, Km, of the AGMA formula for et of spur gear. At first, a spur gear
with perfect involute is modeled using a 3-D CADitsare. The model is them is
assembled with shafts having 1, 2, and 3 degrealignmgnents. The generated 3-D
models were in turn imported to ANSYS workbenctcatculate the maximum bending
and contact stresses using finite element methdw fesults generated were then
compared with the maximum bending stress resultsimdd for parallel shafts to
estimate the Load Distribution Factor Km. Thisdstuesulted in Km values of 1.03,

1.11, and 1.14.
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CHAPTER |

INTRODUCTION

Gears are mechanical components used for tramsgnitiotion and torque from
one shaft to another. Ever since invention of mgaimachines, gears existed. Early
records states that around 2600 BC Chinese usesd @pemeasure the speeds of chariots.
In 250 B.C Archimedes used a screw to drive toothledels which were used in engines
of war. In 4 century B.C., Aristotle used gearsitnulate astronomical ratios. Greek and
Roman literatures mention the extensive use of sgéarclocks of cathedrals and

ecclesiastical buildings [1].

During early centuries gears were made of eithevdivar stone teeth set in wood.
Later during metal ages Iron, Bronze or tin weredugstead of stone. There was no

standard procedure for gear manufacturing untilb1®Ben English inventor Whitworth



patented the first gear hobbing process [2]. Theutef of Germany patented the first
gear hobbing machine capable of cutting both smar lzelical gearing in 1897, they
introduced the first NC hobbing machine and in 187A8 they introduced the first all 6

axis gear hobbing machine in 1982.

Although gear manufacturing has achieved lots ofaadement during its
evolution, however the failure of gear due to bagdand contact stress still remained a
challenge for designers and manufacturers unti21891892 the Philadelphia Engineers
club first recognized Wilfred Lewis presentationstfesses on the gear tooth and it still

serves as the basis to determine the gear stress [3
The Lewis bending equation has a lot of draw badhkish include
1. Load on gear tooth is dynamic and is influencegibgh-line velocity.
2. The entire load is carried on single tooth.

3. The location of application of load is not trueths load is shared by

the tooth.

4. The Stress concentration factor at tooth fillata$ considered.

In order to overcome all these factors AGMA (AmarncGear Manufactures
Association) came out with several factors whicfiuence bending stress on the gear

tooth which were discussed in detail in Chaptg4]l

Although bending stress on an involute spur gearb&acalculated using AGMA
bending stress number but the contact stress on gpar are approximated using

Buckingham contact stress equation. The AGMA cdnsaess equation assumes the

2



meshed gear tooth as two cylinders with parallét axd predicts the contact pressure

using Hertz Contact Stress equation.

For practical considerations the contact stresseolute spur gear can be better
approximated using Finite Element Method [5]. THi4ethod can be used in
approximating any kinds of stress, strains and rdedtions in single parts and

assemblies.

Finite Element Method is a numerical method [6pkbtain approximate solutions
to partial differential equations and integral eguas. This method originated for solving
complex elastic and structural analysis problent flrst people to develop this method
were Alexander Hrennikoff and Richard Courant [W. 1947 Olgierd Zienkiewicz
coined the term Finite element Analysis by gatlgetihese methods. In 1952 Boeing
made a great effort to analysis the aircraft stmas using Finite element Methods and in
1964 NASA developed a software in Fortran languegiéed Nastran to analysis the
aircraft structures. In mid-1970 due to advancemantomputer technology many

software’s capable of performing Finite elementlgsia were available.

Among the stress prediction factor in AGMA stressdiction formula, there is a
factor, K, which accounts for the load distribution acrdss flace of a typical gear. The
non-uniform stress distribution is mainly causedigaligned of the shaft and distortion
of the gear hub. It is the purpose of this thesisreate a F.E.A method which can be
used to postulate intentional shaft misalignmemid jpredict the resulting stresses in a
typical spur gear set. The results can then beyag@lto predict the load- distribution

factor, K, of the AGMA formulation.



CHAPTER Il

BENDING AND CONTACT STRESS IN GEAR TOOTH

2.1 AGMA Bending Stress of Gear Tooth

Bending Stress on a typical gear tooth is mainylted from the tangential force
components acting on the tooth. Based on this, rédilf_ewis derived an equation to
determine the bending stress on a gear tooth. Asgugear tooth as a cantilever beam
and the entire load to be transmitted through ooéht an equation for the bending stress

is defined as

W,. P,
= 2.1
o=—= (2.1)

Where

* W;,is Tangential load acting on the gear tooth

* Pyis Diametrical Pitch of Gear



* Y is Lewis Form Factor

* o is Bending Stress

* bis Face Width

In the above equation stress concentration at tGtét is not considered, so
AGMA derived a new bending stress equation by aimng stress concentration factor

to reduce the impact of stresses near tooth Willeth is given by

_ WPy K,
b.Y (2.2)

Where
* W;is Tangential load acting on the gear tooth
* Pyis Diametrical Pitch of Gear
* Dbis Face Width
* Yis Lewis Form
» K is Stress concentration factor

* (0 is Bending Stress

For Practical design considerations AGMA suggestsemdesign factors to
estimate bending stress on gear tooth. The modbending stress is given by the

following equation

K,.K,. K. Ks. K (2.4)



Where

* W, is Tangential force acting on the gear tooth

* Pyis Diametrical Pitch

* Dbis Face Width

« K, is Overload factor

* K, is Dynamic factor

K, is Load distribution factor

* Ksis Size distribution factor

» Kg is Rim thickness factor

The definitions of these factors are presentetiénfollowing section

2.2 Definition of AGMA Bending Stress Factors

2.2.1 Overload Factor (k)
This factor represents the behavior of the geappiication of the external loads.
These factors mainly include the vibrations, shoskeed variations and other specific

loading conditions.

2.2.2 Dynamic Factor (K)

Dynamic Factor mainly depends on the tooth proifiaccuracies, speed of
approach of tooth, vibrations of tooth during maghitooth friction, Dynamic imbalance
of rotating members, and Gear shaft misalignmeiwt @lastic property of the tooth.

Dynamic factor is generally given by the followifagmula

6



B
K, = (A + \/V> (2.5)
A
(Vdmax = [A + (Qy — 3)]? (2.6)

Where

A is 50+56(1-B),

B = 0.25(12-Q) *°

Qv is Transmission accuracy level

V¢ is Pitch line velocity

2.2.3 Load Distribution Factor (Km)

Determination of load distribution factor depends various factors which

include the design of gear as well as design oftshaarings, housing and structure on

which gear drive is mounted. The main objectivetted load distribution factor is to

reflect the non-uniform load distribution acrose tme of contact. The load distribution

factor can either be defined by AGMA 2001/2101 an de defined directly which is

given by

Km = 1.0+ Cpr + Cpng (2.7)
Where
» Cysis Proportion Factor

*  CpalS Mesh alignment Factor



2.2.4 Size Distribution Factor
Size Distribution factors resonates the materaad-aniform properties due to its

size. The main factors include

Tooth Size

Diameter of part

Ratio of tooth size to diameter of part

Face Width

Area of Stress Pattern

However AGMA suggests the value of £ be 1 for diametrical pitch greater than or

equal to 5 and following table suggests the siztofdor diametrical pitches less than 5.

I: AGMA Suggested Size Factors

Diametrical Pitch Size FactorsK
4 1.05
3 1.15
2 1.25
1.25 1.40

2.2.5 Rim Thickness Factor
The Lewis Equation assumes gear tooth as a cagtileeams attached perfectly

to a rigid base. If the rim is thin, it deforms arauses the point of maximum stress to



shift from fillet to some point on the rim. Thisctar estimates the influence of stress on

the rim which is given by

! imp > 1.2 (2.8)

Where
* myis equal toit/ h
* t.is Rim thickness below the tooth

* hyis tooth height.

2.3 Hertz Contact Stress

The study of deformation of solids which are in tem@t at one or more points is
called Contact Mechanics. Pressures and Adhesitingagerpendicular to the contact
surfaces are its central aspects. The present stadls with the cylinders with two

parallel axes which are in contact. The contattgtween is a Non-Adhesive contact.



1: Cylinders

The Cylinders used in this study are having a lehgtd and ¢ as diameters. On
application of Force F, on the surfaces of thenddrs a narrow rectangle of width 2b
and length L is generated at the contact surfa@sessure is developed in the rectangle

area in an elliptical shape. The half width of éfi@se is given by

1-v))  @A-v)
2F T ETTE
L’ 1/d, +1/d, (2.9)

* cis ellipse half width

* Fis Force acting on surface of Cylinder
* L is length of Cylinder

* d; and d@ are diameters of Cylinder

10



* vj, vorepresent the Poisson’s ratio of cylinder material
* Ei, Exrepresent Young’'s Modulus of the materials.

The maximum contact pressure in between the cyigdets along a longitudinal

line at the center of the rectangular contact asbach is given by:

—— (2.10)

Where

* Fis force acting on the Cylinders

e C s half width of the ellipse

* L is length of Cylinder

*  Pnaxis the maximum pressure generated

2.4 F.E.A Modeling and Design of Gear Tooth for Betting Stress

Involute spur gears are the most common form ofgyeaich are used to transfer
the motion between the parallel shafts. The maimcems while designing an involute
spur gear include generation of involute. In eartiays to design an involute spur gear
there are many theoretical procedures to draw aroapnate involute but no procedure
was present to draw a perfect involute for perfogrinalysis. In the present day with
the 3-D modeling software’s it is easy to geneiai involute spur gear with exact
involute. For the current project, the involute isgaar with perfect involute is generated

from Solid Works and is imported to Ansys Workbench

11



2.4.1 Design of Gear Tooth

The involute spur gear used for the current ansllyas the following specifications

1. 36 Tooth
2. Diametrical Pitch of 10

3. Pressure Angle of 20

The gear is generated using following equationsxgsessions in solid works.

"N"=36" Number Of Teeth
"Pd"=10" Diametrical Pitch
"Pc"="N"/"Pd""' Pitch Circle Diameter
"Phi"=20" Pressure Angle

"A"= 1/"Pd"" Addendum

"D"= 1.157/"Pd"" Dedendum

"Od"= ("N"+2)/"Pd" ' Outer Circle Diameter
"Bd"="Pc"/cos("Phi") ' Base Circle Diameter
"Id"= ("N"-2)/"Pd" " Internal Diameter
"b"=0.4" Face Width

In addition to the above equations to generatergeqteinvolute we need the following

parametric equations with parameters described

X = 0.7 * (cos(t) + t * sin(t)) (2.10)

Y, = 1.7 * (sin(t) — t * cos(t)) (2.11)

12



Where

* tis angle parameter in radians

* X is the X function with respect to parameter t

* Y.isthe Y function with respect to Parameter t

Using the above equations a 2-D sketch of the gpar is generated; it is now extruded

to length equal to Face Width to obtain 3-D Invel&pur Gear.

2: Image showing the final view of generated gear

2.4.2 Analysis of Gear Tooth

Finite Element analysis for any imported 3-D madglerformed in three main steps
* Pre-Processing
» Solution

» Post-Processing

13



Pre-Processing
The Pre-Processing mainly involves the modelinghef3-D part. The following are the
main steps in Pre-Processing

* Engineering Data

 Geometry

* Discretization

Engineering Data [8]:

In an analysis system the main resource for matpri@perties is engineering
data, they can either be experimental or user éefiim this analysis density and linear
elastic properties like Young's Modulus and Poissoratio for structural steel are

declared.

Geometry:
The gear geometry generated from solidworks is mego in to Ansys

Workbench through Design Modeler.

Discretization:

Discretization is the method of converting contimsianodels to discrete parts.
The goal is to select and locate finite elementesodnd element types so that the
associated analysis is sufficiently accurate. Elgnfespect ratio must be near unity to
obtain accurate results. For the current analyssage aspect ratio is obtained as 1.85 by
setting the mesh relevance to fine and smoothingnédium and span angle center to

coarse.

14



Tetrahedral elements [9] are used since strgsesent all alone the thickness of
the part. Patch independent algorithm is used snfoger mesh is required around edges
and corner. For rest of the body a normal meshuficent and in advanced meshing
features the proximity and curvature feature ndedsirned on since the curvature size
function examines the curvature on the faces aggsdnd computes the element sizes
so that the element size doesn’t exceed the maxisimenof curvature angle which are
either defined by the user or taken automaticallye proximity size function allows
defining the minimum number of element layers ia tegion that constitute gaps. The

minimum size limit is defined as 0.1 in.

2: Image showing the final mesh obtained for the wolute gear

3.000 {in}
1

Solution:

Solution Part involves declaration of the Analysipe, location of forces and
fixation of part. For the present analysis, Staticictural type is used with no large
deflection and inertia relief features. The solygre and weak spring’s features are set to

program controlled and all the nonlinear contraokstarned off.

15



The gear is fixed at the center by the fixed supfmmi. Forces can be applied to
the gear by selecting the edge from the graphicslow and forces are defined in the

component form.

Il : Force Components

Co-ordinate System Force (Ibs.)
X- Component -93.96 Ibs. (Ramped)
Y- Component -34.20 Ibs. (Ramped)
Z- Component 0 Ibs.

3: Location of Force applied and Fixed support

Post Processing

The post processing stage involves viewing of tlkga generated by the software
during the solution phase. Bending stresses fog#ae can be obtained from the Normal
stresses menu by choosing the normal stress iméc¢tdin. The following figure displays
the stress contour of the gear tooth.

16



4: Bending Stress of Gear Tooth

-6934.4 Min

3.000 (in)

2.5 F.E.A Modeling and Design of Cylinders for Herz Contact Stress

Gear tooth may not only break due to bending stcessng its life time but
develops pits on tooth surface due to high consaesses fatiguing the surface by
compression. This is intensified near the pitcleleivhere contact is pure rolling with
zero sliding velocity. A close form solution wittwd cylinders which are in contact is
made to determine the contact stresses. In thiBoeethese contact stresses in the

cylinders are determined using finite element metho

2.5.1 Design of Cylinders
The current design has the two cylinders with hid@ameter and height equal to
that of face width of the involute gear. The foliog are the specifications of the

cylinder

1. Diameter is1in

2. Height is 0.4 in

17



Cylinders are designed as two separate entitiesasmdissembled together to perform

analysis. The following figure displays the finakw of the generated cylinder.

5: Generated Cylinders

2.5.2 Analysis of Cylinder

Analysis is performed in three main steps

1. Pre-Processing
2. Solution

3. Post-Processing

Pre — Processing

Pre-Processing involves three steps.

1. Engineering Data
2. Geometry

3. Discretization

18



Engineering Data
For current analysis, an alloy with Poisson’s rati®.28 and Young’s Modulus of 30E6

psi is used.

Geometry
The geometry for the current model is to be dorrefally since it involves the
connections. For the current model a “No Separatemmtact is used in between the

cylinders since the cylinders should always beointact.

Pure Penalty formulation [10] is used for the abowatact analysis because of
single contact and absence of large deformatioe. Normal stiffness is controlled by

program. The following image displays the locatidiNo — Separation contact.

6: No separation Contact

1,008 (i)

0.750

Discretization
Discretization for an assembly requires complex himgs since it involves
contacts. For the present analysis a mesh witlsp@caratio of 2.00 is required. This can

be obtained by setting relevance to fine, initimosthing to medium and span angle

19



center to coarse. Individual meshing is prefer@dntact sizing should also be used to
obtain a more uniform fine density mesh and to iobgabetter distribution of contact

pressure.

The refinements in the mesh can be controlled lynadthe refinement control
tool. To obtain a minimum refinement the refinemeontrol tool is set to 1. Patch
Conforming Algorithm with tetrahedral elements ged in the mesh control method. The

following image shows the final view of the refinent.

7: Mesh Refinement

Solution

Analysis is performed as a static structural asialyith no large deflections and
weak springs are turned on and the spring stiffieesentrolled by program. All the non-
linear functions are turned off and the solving moeltis set to Direct. Loads are applied

in the Y-direction.

20



Post — Processing
To obtain Contact pressures a contact tool mustskd. The contact surfaces on
which the pressures to be determined are seleatédtl@en evaluated for contact

pressures.

8: Contact Pressure

2feefaniz g

16011e5Man
1423265
1.295385
1067485
B350
71180

2.6 Validation of Bending and Contact Stress ReswudtPredicted by FEA

The results obtained from FEA analysis are veribgdcomparing them with the
standard theoretical procedures. FEA bending sisease validated by comparing them
with standard Lewis bending stress equations andl E&ntact stresses are compared
with the Hertz contact stresses. A table at the ehdhe chapter demonstrates the

deviation of the FEA results with the standard te&oal results.

2.6.1 Bending Stress Validation
As mentioned in the above section standard berstiggs is compared with the

Lewis bending stress equation. These values caalbelated from equation (2.1)

21



Gear Specifications
Number of Teeth N: 36
Diametrical Pitch R 10
Pressure Angle o: 20
Face Width b: 0.4

Lewis Form Factor Y: 0.38

Now from the above gear specifications, Lewis begditress from equation (2.1) is

obtained as

93.96 x 10
0.4 x 0.38

OLewis =

Orewis = 6181.57 psi

Bending stress obtained from FE Analysis is given b

OFgA = 6239.4 pS|

2.6.2 Validation of Contact Stress
As mentioned above contact stresses are verifieddoyparing them to Hertz
Contact stress. The following are the specificatiand other factors used for calculation

of the hertz contact stress

Modulus of Elasticity E: 30E6
Poisson’s Ratio v: 0.28
Load W, : 500Ib
Length L: 0.4

22



Diameter d: 1

From above parameters the contact stress are gywtre equation (2.8)

_|500 (1/1) +(1/1)
%= |71 T1—0.282/30 x 106] + [1 — 0.282/30 x 10]

Oyertz = 1,61,087.99 Psi
Contact stresses obtained from FE Analysis arengiye

Orga = 1,60,110 Psi

[1l: Validation of FEA Results

Stress Theoretical values FE Results %Error
Bending Stress 6181.57 psi 6239.4 psi 0.9%
Contact Stress 1,61,087.99 psi 1,60,110 psi 0.6%

23




CHAPTER IlI

USE OF SOLID WORKS AND ANSYS SOFTWARE FOR BENDING STRESS

ANALYSIS OF GEAR TOOTH

There are several theoretical procedures to medbBarbending stress on single
gear tooth but for an assembly, bending stressw@euthe influence of many factors.
AGMA derived some standards to determine thesefaethich are explained in chapter
Il. In this chapter a finite element proceduressdito determine the bending stress and is

compared with standard AGMA procedure to deterrntieebending stress.

A virtual assembly is created with the 3-D parts\gCAD software and finite
element analysis is performed on the assembly termiée the bending stress on the
gear tooth. The following sections describe thecedure to perform the finite element

analysis.

24



3.1 Assembly Specifications

3.1.1 Bearing Specifications
Bore: 0.75

Outer Diameter: 1.6250
Thickness: 0.3125

Number of Balls: 10

3.1.2 Bearing Holder Specifications
Bearing holder is designed based on bearing spatidns. The diameter of the
outer race of the bearing is equal to the inneméiar of the bearing holder and thickness

of the bearing holder is equal to thickness of ingar

3.1.3 Spur Gear Specifications
Number of Teeth N: 36
Diametrical Pitch F: 10
Pressure Angle ¢: 20

Face Width b: 0.4

3.2 Solidworks to Generate Geometry
The geometry of the required parts is developemhgusSolidworks except

bearings. Bearings are taken from Solidworks Toxlbo

An assembly is developed using the above partsselparts are linked together
using the coincident, concentric and gear mates.glar ratio is defined as the gear mate

constraint. The following image displays the exglddiew of the assembly.
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10: Exploded View

3.3 Modeling of Assembly in Ansys
Assembly modeling in FE analysis is complex ancetitaking. Accuracy of the

FE solution mainly depends on the Pre-processing.

3.1.1 Pre — Processing

The main Pre-processing steps include

1. Engineering Data
2. Geometry
3. Discretization
Engineering Data
Grey Cast Iron is used for this Analysis. The miaterial properties like the
Young's modulus, Poisson’s Ratio and Density that @equired to perform a static

analysis are defined in this section.
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Geometry

The 3-Dimensional part generated in Solidworksriparted in to Ansys through
Design Modeler. The geometry is then configureadging the contacts and joints to the
imported model. The current assembly is configuwréti two different contacts and two

different joints.

The BONDED contact is used in between the bearwwigens and the bearings
since the movement of the outer race of bearingsticted and for other contacts NO
SEPARATION is used since the bodies have movemeitltsrespect to their axis. Pure
Penalty formulation is used to solve the conta@tse following images display the
location of the BONDED and the NO SEPARATION comsacThe following figure

displays the location of Bonded Contact.

11: Bonded Contacts
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The location of the No-separation contact is diggdiain the following figure

12: No Separation Contact Location
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Joints are used to constrain the DEGREES OF FREED®&®Marts in an
assembly. For the current analysis shaft should loave the rotational movement around
the X-axis so a revolute joint must be used. Tharibhg holder should be fixed so a fixed

joint is used. The following image displays thedtian of fixed joints.

13: Location of Fixed Joint
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The following image displays the location of rewveljpint.

14: Location of Revolute Joint
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Discretization

The accuracy of results in an assembly dependslynainthe meshing methods.
For the current analysis a part should be mesh#zbendent so the initial seed size is set
to part and meshing size should be set to fine aitioothing set to medium and initial
span angle set to medium. Computation for the arsmlyoes complex as the smoothing

and initial span angle are set to fine. The follogvimage shows the generated mesh view
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15: Meshing

b

Mesh Controls should be included to obtain mormeef solution. For the current

0.000 3.000 G000 (r)
I T ]
Laon 4500

assembly tetrahedral elements with patch indepéndbgorithm is used since the
algorithm ensures the refined mesh where ever sapeput maintains larger elements
where possible allowing faster computation. CONTA! hnd TARGE 170 type contact
elements are used in this study. CONTA 174 reptesiaing contacts in between 3 — D
target and deformable surfaces. It has the sammefeic characteristics as solid and
shell elements face which is connected. The follgwimages displays element view of

the model
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16: Element View
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Contact sizing should be included since it createments of relatively same size

on the bodies from faces of a face to face comtgion. This control generates a sphere

of influence with automatic determination of shapel size. Element size is set back to

0.1in. The following image displays the elementmgsaand the sphere of Influence.

17: Contact Sizing Location
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3.1.2 Solution

Static structural analysis determines the strasainsand displacements in a body
that are caused due to loads. In this analysiglgtemding is used. Ansys supports the

following types of loading for the static analysis

1. External loads
2. Steady state inertial forces
3. Imposed displacement’s

4. Temperatures

Iterative solver is best used with the thick bulityuctures and weak spring’'s
option set to on position and their spring stifnés set to program controlled. Since no

hyper elastic materials are used, Large Defleatigiion and Inertia relief is turned off.

Two loads are now added to the assembly in the fifrmoments of magnitude
178.52 Ibf-in. These two moments are added in sualay that one moment opposes the

moment of another. The following image displaysldeation of the moments.
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18: Location of Loads
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On performing the simulations solver generates déés which are to be
processed to determine the results. The bendiegssto be calculated can be obtained
from the normal stresses along the Z- axis diractiOn evaluating the results the
Maximum Bending stresses is obtained as 6181.7TRsi.following image displays the

contour of the distributed bending stresses.

19: Stress Distribution along Z-axis
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3.4 Validation of FEA Bending Stress with AGMA Bendng Stress
The FEA bending stress generated can be validagedomparing them with
AGMA bending stress. The following are the values ased for the AGMA bending

stresses. These values are substituted in the A@jlation from equation (2.4)

3.4.1 AGMA Factors

Tangential Force 93.96 Ibf.
Overload Factor k1l
Dynamic Factor k1

Size Factor k1l

Rim thickness Factor K1
Reliability Factor kil
Geometric Factor J:0.38

3.4.2 Gear Specifications

Number of Teeth N: 36
Diametrical Pitch FP: 10
Pressure Angle o: 20

Face Width b: 0.4

Now from the above factors and gear specificati?@MA bending stress from

equation (2.4) is obtained as

10 1x1
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oacua = 6181.57 psi

FEA generated Bending stress gives the followirlgasa

Orga = 6315.8 pS|

On comparing both the values the FEA generatedtsedeviate at 2% from the AGMA

Bending stress.
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CHAPTER IV

USE OF SOLID WORKS AND ANSYS SOFTWARE FOR CONTACT STRESS

ANALYSIS OF GEAR TOOTH

There is no theoretical procedure to determineaurdtress in between a pair of
involute spur gears. AGMA has derived a near agprate procedure to determine the
contact stresses by comparing them with Hertziartawb stress of two cylinders with
parallel axis. In this chapter the contact stres$etween two involute gears is

determined using a Finite Element Method.

The assembly geometry required for the finite elenmeethod is developed using
solidworks. The assembly consists of bearings,ibgdrolders and involute spur gear.

The following section describes the specificatibthe parts.
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4.1 Assembly Specifications

4.1.1 Bearing Specifications
Bore: 0.75

Outer Diameter: 1.6250
Thickness: 0.3125

Number of Balls: 10

4.1.2 Bearing Specification
Bearing holder is designed based on bearing spatidns. The diameter of the
outer race of the bearing is equal to the inneméiar of the bearing holder and thickness

of the bearing holder is equal to thickness of ingar

4.1.3 Spur Gear Specification

Number of Teeth N: 36
Diametrical Pitch p: 10
Pressure Angle ¢: 20

Face Width b: 0.4

4.2 Solidworks to Generate Geometry

The assembly required to perform the FE analysisade in Solidworks. Bearing
holder and spur gear are developed as part fildsaasm assembled. Constraints for the
assembly are same as once in chapter Il. The foltpwnage displays the exploded view

of the assembly
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20: Exploded view

4.3 Modeling of assembly in Ansys
Pre-processing phase for the analysis is critioadesit requires more memory

resources and tools. Pre-processing phase invtiledsllowing steps

4.3.1 Pre- Processing

The main steps involved in Pre-Processing are

* Engineering Data
* Geometry

* Discretization

Engineering Data
For the present assembly we use an alloy with Yeumgdulus of 30E6 psi and

Poisson’s ratio of 0.28.
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Geometry

Assembly developed in Solidworks is imported intmsgs through Design
Modeler and parts are constrained using joints. gresent analysis a revolute joint is
used in between bearing holder and shaft, as istcins all the motions of the shaft
except the rotational DOF along the Z-axis. A fixahstrain is used for bearing holder
since it has to be fixed rigidly to the base. Tokofving images displays the location of

the Revolute and fixed joints

21: Location of Revolute Joint
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22: Location of Fixed Joint
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Contacts define the nature of contact in betweenstlrfaces. For the current
analysis Bonded and No-separation contacts are. ide&l movement in-between the
outer race of the bearing and the inner surfacéhefbearing holder is restricted so
bonded contact is used, and for rest of contactmragon in-between surfaces is
restricted so No-Separation contact is used. THewimg images show the location of

Bonded and No-separate contacts.

23: Bonded Contact
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24: Location of No-Separation Contact
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Discretization

Meshing for contact analysis is complex and reguimere refined meshing tools
for accurate solution. For the current analysisna mesh is used with smoothing and
initial span angle kept medium. Initial seed sihewdd be kept part since we need the
mesh to be distinct and separate from each pae. following image displays the

generated mesh

25: Fine Mesh

b

Tetrahedral elements are used as meshing elematits patch independent

0.000 3.000 6,000 (in)
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algorithm. This algorithm ensures refined mesh whever necessary and maintains
larger elements where possible to reduce computdtibme. The following image

displays the mesh elements.

CONTA 174 [11] and TARGE 170 type contact elemerts used in this study.
CONTA 174 represents sliding contacts in betweerDBtarget and deformable surfaces.
It has the same geometric characteristics as swolttl shell elements face which are

connected.
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26: Tetrahedral Mesh Elements
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Contact sizing tool is used to ensure that allgbeerated elements around the
tooth contact are 0.003 in. Refinement controleists 1 to obtain minimum refinement.

Following image displays the refinement of meshr mear tooth contact.

27: Mesh Refinement
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4.1.2 Solution
Static structural analysis determines the strasainsand displacements in a body
that are caused due to loads. In this analysiglgtemding is used. Ansys supports the

following types of loading for the static analysis

5. External loads

o

Steady state inertial forces

N

Imposed displacement’s

8. Temperatures

Iterative solver is best used with the thick bulityuctures and weak spring’'s
option set to on position and their spring stifnés set to program controlled. Since no

hyper elastic materials are used, Large Defleatigiion and Inertia relief is turned off.

Loads are now added to the assembly parts. Fautinent assembly a moment of
magnitude 178.52 Ibf.in is applied on the shaft amdnter moment of magnitude 178.52
is applied to the other shaft. The following imagf®ws the location of the moments

applied.
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28: Location of Moment application
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4.1.3 Post -Processing

Contact pressure is measured using a pressureltewhodal difference values of
the pressure are taken from the solution. The maxinaontact pressure is obtained as
1.6751E5 Psi. The following image displays the oarg of the pressure distribution

along the face width.

29: Maximum Contact Pressure
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CHAPTER V

INFLUENCE OF SHAFT MISALIGNMENT ON GEAR TOOTH

The most common problem in the rotating mechanisnshaft misalignments.
Misalignment in the meshing gear results in undwead distribution resulting in shift of
peak bending stress to the edge of face width. Iisaent in meshing alters the
location of contact on tooth flank and may leadaime stresses and increase noise of

gear pair. These Mesh misalignments can be cledsiiito three types

1. Parallel Misalignment
2. Angular Misalignment parallel to the plain of actio

3. Angular Misalignment perpendicular to the plairacfion

5.1 Parallel Misalignment
Parallel Misalignment results in change in centliatance of shafts. A change in
center distance will result in a slight changeha intersection of the outside diameters

with the plane, thus slightly altering the profilentact ratio of the gear pair.
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5.2 Angular Misalignment Parallel to the Plain of Action

This type of misalignment tends to shift the ldadthe side of the tooth by
increasing the separation at one side of the tanthreducing the separation at the other
side of the tooth. In this case, the shape and @frélae theoretical active contact plane

remains the same as the ideal shape.

5.3 Angular Misalignment perpendicular to the plainof action

For the angular misalignment perpendicular to @laf action the outside
diameters of the respective gears rotate as in aushy that the shape of the contact
zone becomes skewed and the contact area is redlibsdreduction in contact area

results in a reduction of total contact ratio.

In the present chapter the variation of the bepditiess with various angular
misalignments parallel to the plain of action sds¢d. At first FE analysis for maximum
bending stress is performed for parallel shafts @mdpared it to the maximum bending

stress for §, 2° and 3.

The study shows that the maximum bending streggases with the increase in
angular misalignment and the load concentratianase on the edge of the gear tooth as
the angle increases. The following table displéigsrhaximum bending stress for various

misalignments.
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IV: Maximum Bending Stress for various angular alighments

Angular Alignment Maximum Bending Stress
Parallel 6315.8 psi
1° 6550 psi
2° 7002.3 psi
3 7214.8bpsi

5.4 Calculation of AGMA Stress Distribution Factor
The load distribution factor can be defined or barcalculated from the empirical
method of AGMA 2001/2101. Empirical method is recoemded for normal, relatively

stiff gear designs which is defined as

Ky =10 + Cpp + Cpg (5.1)

Where Gy is Pinion Proportion factor and.gis Mesh alignment factor. In the
present study the load distribution factor for flat@ear is defined as one and the stress

distribution factor for the various angular alignmtsecan be calculated as

Orga = Km X 0a6ma X X (5.2)
OFEA
K, = ——
™ ouema-X (®-3)
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Where X is multiplication factor and.Ks load distribution factor. The following

table displays the obtained load distribution fexfor various angular misalignments.

5: Table displaying Load Distribution factors for various Alignments

Alignment Load Distribution Factor
1° 1.03
2° 1.11
3 1.14
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APPENDIX |

GENERATION OF INVOLUTE GEAR

Step 1: Create a new part in a part file

[ soLpWoRKS j @]@ -B-5-9 @l BE- Gear @ searchSoldorkste. D o] @ v o BB

& a & Syept Boss/Base # @ Swept Cut t um b & wap . 'j\’ CU 2
Extruded Revobved [} LoftedBossfBase | Extuded Hole Revalved [ Lofted Cut = ot Wy oraft @ pome | EEehE SV tD
Boss/Base Boss/Base cut  Wzad  Cut £

) Boundary Boss/Base ™ BoundsryCut . . (] shel [ Miror o

fNiew SolidWorks Document

% ‘2 30 representation of a single design companent
Part

@ a 3D arrangement of parts and/or other assembles

Assembly

E% a 2D engineering drawing, typically of a part or assembly

Drawiny
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Step 2: Write the Gear Nomenclature as Expressiotie Expressions tool bar

"N"= 36 Number Of Teeth

"Pd"=10" Diametrical Pitch
"Pc"="N"/"Pd""' Pitch Circle Diameter
"Phi"=20" Pressure Angle

"A"=1/"Pd"" Addendum

"D"= 1.157/"Pd" " Dedendum

"Od"= ("N"+2)/"Pd" ' Outer Circle Diameter

"Bd"="Pc"/cos("Phi") ' Base Circle Diameter

"Id"= ("N"-2)/"Pd" Internal Diameter
"b"=0.4" Face Width

-
Bl 7 remaires

Name Value / Equation to Comments. oK l
ElGlobal variables
" =% E3 Number O Testh Cancel
Fd =10 i Dimetrical Fitch
P ="/ pd" 36 Pitch Circle Diameter Import... |
Ph- =2 £ Pressure Angle
S =1/ ®d 0.1 Addendum Export... |
D = 1157 Fd" 0.1157 Dedendum
“od” =N +2) /% 38 (Outer Cirde Diamter Help |
Bd” =P fcos (P} 3.83104 Ease Circle Diameter
T =(V-2)/ P 34 Intemal Diameter
v =04 0.4 Face Width
|| Elreatures
=
I Automaticaly rebuid | fj | Angular equation units: [Degrees = I™ Automate solve arder
I Link to external fle:
4
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Step 3: Select the front plane and start the sketch

() soLoworks O-&-H-%- [Q_Ha (=S part P searchsoldviorstielp. L) | R v o BB 3R
B 9 \N-@-p-E i} o1 L oo enies b B
Sketch  Smart Ir Convert £ ~ es=tl splay/Dele Quick
Dimension 0-8-0-A| g mi = g e Relat o | sm ;‘g’h‘i
-8 - * ) a
Fealures | Sketch [ Evaluate [ DimXpen [ Gifice Producis 8, O mEF o SR H. HE =& K

v

B Part3 Default<<Default>_Displa
(3] Sensors

EePuioeE

% Right Plane

1. origin

¥

g

« | »| *Trimetric

07171 Model_| Mofion Stugy 1

Step 4: Now using the circle tool draw three csclgith Origin as center. Link the
dimensions of circles with the Pitch Circle DiametBase Circle Diameter and Outer

Circle Diameter expressions in the Smart Dimen3iool

Step 5: Draw two lines symmetric about the horiabakis line which makes an angle of

50

Step 6: In order to get an involute in the sketghpfane we need to use the Equation
Driven Tool. In the Equation driven curve tool stl¢he parametric type and in the
equation column enter the parametric equation@friliolute curve. Parameter vary from

0.17807282 to 0.50455305
X; = 0.7 * (cos(t) + t * sin(t))

Y; = 1.7 = (sin(t) — t * cos(t))
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Step 7: Mirror this line along the horizontal a&rsd close it using the circular Arc tool.

[ soLoworks »; O-8-H-%-9-K-/80=- Skeich2 of Gesr = P serchsddierstiep 0 o B o BB
E| ¢ \N-0-p- % @ 3 I\ Miror Entites a ) 6]
Bal | Smart A| Im Comwert e Display/Delete ¥ | Quek | )
etz | Do | = 2 - & - A\ e, Enies DOffset ni UnescSistnPatEom  ~| “poatens  RERST|gups | R0
> 8-8 N-% . b i Move Entites . .
Fealures | Sketch [ Evaluate | DimXper | Gfice Produds | @ @ i'.,\- RE- T o0 R-H- I
4 F § I =

R -

& ) g e

@ Gear {Default<<Defait= Display State //
(3] Sensors //

EsET=E

A Amnotations

| £] Equations
3= Stainless Stee! (ferritic)

& Front Plane

£ Top Plane / / |
% Right Plane /

1, orign

== 3.400
=% ($3.800

| »| =Front

[0 Model [Wofion St

Step 8: Exit Sketcher mode and in the feature éddcsthe extrude tool. The following
pop-out window appears. Now in the Direction 1 mé&mun fly over menu, select mid

plane and in the dimension menu enter the facehwidliue to be 0.4 in.
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Step 9: Pattern the extruded tooth with 36 instsusagce the gear has 36 tooth

(@) search SolidWorks Help

n;lsounwonxsﬂ 0-8-H-%-9-BH0E- P
® \-@-pnN-E @ )|

Skefth  Smart Tim  Comvert
ornension | = P~ 0 = Al et Eottes ke

@-0 -% . S i Move Entities

PP -c@ R

A\ Mirror Enities

r Sketch Pattern

83

[EIN GRS =R

&E

{3 Sensors
A Amnotations
| £] Equatons
3= Stainless Stee! (ferritic)

&y Front Plane
% TopPlane
& Right Plane
% Crign
= [ Boss-Extrude2
4% CrPattern

[T

.
Z‘J\%
4 7 »| “lsometric
TP TR
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GEAR TOOTH MODELING

APPENDIX II

Step 1: Create a New Work Bench Project and s#iec®tatic Structural Analysis

(3} Unsaved Project - Workbench I

File View Tools Units  Help

ok
B Analysis Systams

[ Design Assessmert

(@ Bectric

¥ Explicit Dynamics

(&9 Fluid Flow-BlowMolding (POLYFLOW)
& Fluid Flow - Extrusion (POLYFLOW)
@ Fluid Flow (CFX)

@ Fluid Flow (FLUENT)

{69 Fluid Flow (POLYFLOW)

[ HarmonicRespanse
Hydrodynamic Diffradion
&) Hydrodynamic Time Response
Linear Buckling

(6] Magnetostaic

il Modal

[ Modal (Samcef)

{if} Random Vibration

[l ResponseSpectum

fil Rigid Dynamics

[ Shape Optimization

[ Static Structural (Sameef)

8 steady-State Thermal
Thermal-Electric

fied, Transient Structural

I Transient Thermal

B Component Systems

Custom Systems

Design Bploraton

= View Al Cutomize. .
o Ready

UiNew Sopen... (dl save gl save As.. | gflimport

Static Structural

“yRecomect @ RefieshProject

2| @ EngneeringData

3 @ Geomerry

Static Structural

Model

T

4

Gt i

v B ox
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Step 2: Select the Engineering data, create a nateriral and name it as Stainless Steel

Step 3: Expand the physical properties and ad®#msity properties to the material

7| Isotropic Secant Coefficient of Thermal By = via

E? ‘plﬁsesﬂc?dﬁdat'ef : :s: ﬂ % stuctralstesl D | Fatigue Data at 2ero mean stress comes from 1998 ASME BV Code, Section 8, Div 2, Table 5-110.1
£9 Orthotropic nstantaneos Cosfficentor || 2, Sl stee

{3 ConstantDamping Coeffigent | Click here t add a new material
‘A Damping Factor (B)
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Step 4: Similarly Select the Young’s Modulus andsBon’s ratio from the Linear Elastic

Properties

=181
Fie Vew Teos Unis Hep

cax
||z-1 Physical Properties D
|E! Linear Elastic 1 Desaiption
=] ]
1 orthotropic Elasticty 3
B ansotropictiastily 4 % Structural Steel Fatigue Data ot zero mean siress comes from 1998 ASME BPY Code, Section 8, Div 2, Table 5-110,1
B Bxper Data - -
= Click here to add  new material
@ Hyperelastic
B Plasticty
B Creep
Life
A 8 c
Strength 5 I
: L Value Unt R
B Gaskat
% T Density 0.28173 Ibin~-3 &=
3 |2 A 1sotropicElastaty
4 Derive from Youngs Modulus and Poisson's Ratio
5 Young's Moduus 2,9008E 407 psi H B
6 Paisson's Ratio 0.28 E
7 Bulk Modulus 21975407 psi lal
3 Shear Modulus 1.1331E407 psi [F
9 T Tensie Yield Strength 74993 psi |
g 0%
A B | ¢ |
r] st il Detais | Progess |
[ View Al Custonize. .
o Resdy [ Hide Progress | (Show & Messages.

Step 5: Return to project.
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Step 6: Select the Design Modeler from workbenandascreen

f,¥Unsaved Project - Workbench =13

Design Assessment

Elertric =
Explicit Dynamics i uctural
[ Fluid Flow-8loviMolding [POLYFLOW) 2| @ engreerngoats <,
Fluid Flow - Bdrusion (POLYFLOW) 3@ =
@ Fluid Flow {CFX)
(& Fluid Flow (FLUENT) <@ -
(6 FluidFlow(POLYFLOW) 5| @ sd || meotBeomety ,
Harmenic Respanse 6 @ 5953 Duplcat
Hydrodynamic Diffracion A Ml wcnemmrmne
[ HydrodynamicTime Response ) i
i i s TrensferDataToNew  »
Magnetostaic # | Update
0§ Modl @ Refien
Modal (Samcef)
{ili Randomvibraton B
filly Response Spectnm Ed Rename
ﬁ Rigid Dynamics Properties
| &) ShapeOptimization
e — i

Static Structural (Sameef)
Steady-State Thermal
Thermal-Electric

[ Transient Structural

™ Transient Thermal
 Component Systams

B Custom Systems

@ Design Exploraton

Step 7: In the File menu select the Import Exte@abmetry option

e BERE v |5+ aaeEao s del @ Iy

i

0.000 4000 8.000 {in) 7 ¥
]

2,000 B.000
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Step 8: After selecting the option now hit genefatdon. The final Geometry is

generated

BT A: Static Structural - DesignModeler =18l
| Fle Creste Concent Toois View Help

AHB @ 9uh Gt sl - RREE S [|SHAQAEQQE| kel @ || 8- 4 Air A- A A=

[xrane =3 | one T

eenerate W9t ooy | Eexvude ggrevoive

$snioft @rhn/suface Qulend » Qchamfer  @Pont  FEjparameters

/] A Static Structural
3 XfPlane
7 DXPlane
¥ YZPlane
- Tmport1

- M 1Part, 1Body

Sketching Modsing
T -
0,000 1.500 3000 (i) ZA ¢
. e
0750 23250
[ Ready Mo Selecton finch [ ]

Discretization:

Step 1: On select mesh in the outline window a nieshbar appears on the top

Step 2: On Select the Mesh Control button fromtéioé bar a drop down menu appears,

Now select the patch independent option fromlie Tollowing options appear in

the details windows.

Step 3: In the scope menu, select the part initiyghics window for geometry column.

Step 4: Select the Patch Independent for the d@tgorcolumn, tetrahedron for the

Method and enter a value of 0.1 for Min Size Lti@olumn.
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Step 5: Now generate the mesh by hitting the Gémenash button from mesh menu

Step 6: The Following screen shot displays thd fanaview of the generated mesh

Load and Supports:

Step 1: On selecting the Static Structural analfysis the outline window, an

environment toolbar appears on the top.

Step 2: Select the Force icon from the loads menu.

Step 3: For the geometry column select the edgeenya want to apply the load from

the graphics window.

Step 4: Define the force in the form of componemtd apply a load of 93.96 Ib. force

Step 5: Select the fixed support icon from the supmenu in the environment toolbar a
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details window appears as follows

Step 6: Select the face to the fixed from the giepWwindow for the geometry column

Step 7: The Final view of the part is shown asestshot

Solution:

Step 1: On selecting the solution in the outlinenmsolution tool bar appears

Step 2: Select the Normal stress option from tressstmenu

Step 3: The following details windows appears

Step 4: Now select the y-axis in the orientatiomméSince we need the bending stress

for the tooth)
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Step 5: The Minimum and Maximum normal stress hmevé the Results menu.

Step 6: The following screen shot displays thel faadution view

Post Processing:

Step 1: On highlighting the solution, Solution Tbalr appears on the top.

Step 2: From the Tool bar select the Stress Optiwhselect the normal Stress Option.

Step 3: Details window appears, Select the origmtdd Y- Axis

Step 4: In the integration point results menu sedlex display option to Average

Step 5: Hit the evaluate Results button

Step 6: Final Normal Stress view appears as follows

-6934.4 Min
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APPENDIX IlI

DESIGN OF CYLINDERS

Step 1: Select the front plane and start a newbkket
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Step 2: Draw a circle of diameter 1 inch

| skeichiofCyinder® [ @ searchsdidworisrep O o] @ - o @32
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TF TEdtng Stetcht [T1T ®s - T TTTIE@

Step 3: Extrude the Sketch to a height equal tdabe width of the gear tooth i.e., 0.4 in
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Step 4: Start a new assembly part

() SOLIDWORKS | Fle Edt View Insert Toos ANSYS13.0 Window Help Q\Dva.ﬁv@.rﬂ)
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“ | | *Isometric
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‘Select the document type and the tutorial option if you are cumrently foloing the tutorial Scldwiorks Premim 2012 ¥64 Edton - Cylinder =Tk [ = 1] )

Step 5: Constrain one of axis of the cylinder s thintersect the top and right planes

msoumlﬁe Edit View Insert Tools ANSYS 130 Window Hep Q{Dva.ﬁv@.ﬂ)v@zu == Assem1* @ searchsoldWorsiep D o B - — B3R

2 i B ‘@*
& L1 il 1 S E
tosert it =] B | cembly Reference Pﬁ Bﬁr E}E:Ed

Mate
Companents Compon... Features Geometry | 8 | P20 | BT

A e
instant

Move
Smart Show
Fasteners CPOE | piggen
- - Companents = - Study

Assembly [ Layout [ Sketch [ Evaluate | Office Produdts |
BEEe®
@
@ Assem1 (Default<Display State-1

[ Sensors
[A] Amnotations
-~
-8 Top Plane

3

L. ongn
=% () Cylinder<1> (Default<<De,
@ (3] Mates in Assem1
(2] sensors
[&] Anotations

-3 Aloy Steel L

%% FrontPlane jl
% TopPlane.
s Right Plan=

-}, ongn
- ([@ BossExtrude1

3 Planet
A spitunez
i (I mates

Component

Sketch
QAT WE-F- oo @ BB BE-@=

[E10 e Y

1 | | *Trimetric

‘Sold\Works Premium 2012 x64 Editon | linder Defined | [Editing Assembly [ ®s -~ [ 1111

66



Step 6: Insert the same Cylinder again and comsirao that axis is coincident on the
right plane, both the faces of cylinder align platadnd the axis of both the cylinders is at

a distance of 1 in
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APPENDIX IV

CONTACT STRESS MODELING

Step 1: Create a Workbench project to perform Sittiuctural Analysis

(Y Unsaved Project - Workbench I gl x|
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Step 2: Select the engineering data and creatéogn a

Thermal £
cient of The - = = T AT = = T
costientort| |4 ] ! er : V Code, Section 8, Div 2, Table 5-110.1

Step 3: Add density from Physical Properties menu

Isotropic Secant Coefficient of Thermal Exg | |

=]
B :
7 Orthatropic ¢
{4 ConstantDamping Coefficert
8 Damping Factor (8)

= | Fatigue Data at zero mean stress comes from 1998 ASME BPY Code, Section 8, Div 2, Table 5-110.1
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Step 4: Add Young’'s Modulus and Poisson'’s ratiarfrioinear Elastic menu

(2} Cylinders modified - Workbench =i8lx|

t | @ retum wProject (D comemct et || v @l

lEPhysl(alepems
Density 1
& 1sotropicsecant Coefficient of Thermal Bxy 7}
A orthotropic Secant Caefficient of Thermal t o % Aoy FE
%4 1sotropic Coeffident of The
4 orthotronic Costieratt| [t % Structural Steel [7] | = | Fatiaue Data at zero mean stress comes from 1938 ASME BPV Cade, Section 8, Div 2, Table 5-110.1
13 Constant Damping Coefinert = Cick here to add a new material

A Damping Factor ()
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B Creen
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Properties of Outline Row 3: Alloy v o ox
A 5 c a%

2 |E ' IsotropicElastity [&]
3 Derive from Young's Modulus and Poisson's Ratia =
5 ‘foung's Modulus EHT7 psi ERE]
5 Poisson's Ratio 0.28 [l
6 Buk Modulus 1567+ Pa ]
7 Shear Modulus 8.0798E +10 Pa ]

i d View Al Custormize...
& Resdy [ 15how Progress | | 1Show & Messages

Step 5: Enter the values of Young’'s Modulus and$&mn ratio in their columns

Step 6: Return to the Project

Step 7: Open the Design Modeler from the workbenehu and import the solid works

assembly.

{31 A: Hertz Contact Pressure - DesignModeler
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Step 8: Close Design Modeler

Discretization:

Step 1: In the Outline toolbar expand the Geoms#igtion change the material to alloy

Step 2: In the Connections menu select the consactsadd a No — Separation contact to

it.

Step 3: Select the Contact Surfaces from the gegmaidow

anical [ANSYS Multiphysics] ialx|
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Step 4: Add a Contact sizing tool to the assend®dject the contact region and define

element size as 0.03 inch.
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Step 5: Add a refinement tool and set the refindmalue to 1

¥ A: Hertz Contact Pressure - Mechanical [ANSYS Multiphysics] ®ix]
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Step 6: Add a meshing method and set method tahtsdron and Algorithm to Patch

conforming method

M A : Hertz Contact Pressure - Mechanical [ANSYS Multiphysics] ®ix]
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Step 1: Add forces of magnitude 500 Ibf in the Yedtion
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Step 2: Run the solution

Step 3: Insert a pressure tool from contact taotbeé solution and set the display option

to nodal difference
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