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1. INTRODUCTION

https://en.wikipedia.org/wiki/Rolls-Royce_RB.50_Trent
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1. INTRODUCTION

PUMP OQOQUT VANES

Arbol de levas VW Tiguan https://www.pumpsandsystems.com/why-are-there-holes-my-new-impeller-part-1
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1. INTRODUCTION

https://blog.maxprocorp.com/the-difference-between-tension-shear-and-bending-joints

https://hayn.com/cables/systems/architectural_adjuster_fork_system.html
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2. PROBLEM SPECIFICATION

“Value | Unit

T \( f D =100 mm

e P j — > F d=75 mm
J ( r =10 mm

L =400 mm

F =3,0E5 N
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2. PROBLEM SPECIFICATION

AlISI 4320 Normalized

property | Value | Unit

Density 7,9e3 kg/m3>
Young’s Modulus 212 GPa
Poisson’s rato 0,295
Yield Strength 515 MPa
Tensile Strength 875 MPa

Compressive Strength 515 MPa
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e Pre-Analysis
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3. PRE-ANALYSIS

Stepped shaft in
axial tension

Empirical Solution | Numerical solution
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3. PRE-ANALYSIS

Omax = K Onom

F 4F

Unom -

Amin T[dz

2h 2h\° 2h\°
K=Cl+CZH+CS F +C4F

Roark’s Formulas for Stress and Strain, Warren C. Young and
Richard G. Budynas, 2002
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3. PRE-ANALYSIS
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4. GEOMETRY

2D - Symmetric

\
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4. GEOMETRY

3D - Symmetric
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5. MESH

2D-Mesh — nonlinear elements Face Sizing
. (mm)
Tri-6

« Quad-8 s
5

3,33
2,22
1,48
0,99
0,66
0,44
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5. MESH

3D-Mesh — nonlinear elements Body Sizing
(mm)
Hex-20

« Wed-1b 10
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6. PHYSICS SETUP

Material Assignment

Outline e O X
Name <|sesen Outine | Symmetry Region — 2D problem
0 Project
= Model (A4)
T o vt ANSYS
s ﬁaherials 2021 R1

14 Coordinate Systems
-‘,@ Symmetry

V@ Mesh

----- ~L1 Static Structural (AS)

Details of "5Y5\5Surface"
Graphics Properties

=]| Drefinition
| Suppressed Mo
Stiffness Behavior Flexible
Coordinate System Default Coordinate System
Reference Temperature | By Environment
Treatment Mone X
=] Material
|| Assignment AlS| 4320 U»W—:m"_:‘"‘,w" (mm)
Nonlinear Effects s 25,00 75,00
Thermal Strain Effects | Yes
Bounding Box
Properties
Statistics
[=I| CAD Attributes
PartTolerance: 0, 00000001

Color143,175.143
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6. PHYSICS SETUP

Frictionless Support — 2D problem
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6. PHYSICS SETUP

Frictionless Support 2 — 2D problem

ANSYS

2021 Rl
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6. PHYSICS SETUP

Pressure = 67,91 MPa (2D Problem)
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6. PHYSICS SETUP

Symmetry 1 - 3D problem

ANSYS

2021 R1

00000
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6. PHYSICS SETUP

Symmetry 2 - 3D problem
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6. PHYSICS SETUP

Frictionless support — 3D problem

00000
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6. PHYSICS SETUP

Frictionless support 2 — 3D problem

00000
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6. PHYSICS SETUP

Pressure = 67,91 MPa (3D problem)

ANSYS

2021 R1

00000
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7. NUMERICAL SOLUTION

Displacement

=01 Static Structural (BS)
i JH] Analysis Settings
b 8L Pressure
- Frictionless Support
" Frictionless Support 2

;@%ﬁmm
v

Insert ]

Clear Generated Data
Rename F2
Group All Similar Children

Open Solver Files Directory

8
&
E

Worksheet: Result Summary

Details of "Selution (BE)" -
-|| Solution
MNumber Of Cores to Use [Beta)

Solve Process Settings

-1/ Adaptive Mesh Refinement [ ]
Max Refinement Loops 1,
Refinement Depth 2, =
-| Information
Status Done =
MAED Flancad Tima e =

Deformation
Strain

Stress
Energy

Linearized Stress
Stress Tool

Fatigue

Contact Tool

Bolt Tool

Probe

Coordinate Systems
Volume

User Defined Result
User Defined Criteria

Commands

3 Total

@ Directional

Normal Stress

g
e

Static Structural (B5)
JEﬂ Analysis Settings
B, Pressure

.~ Frictionless Support
.~ Frictionless Support 2

l insert ¥
Clear Generated Data
Rename F2
Group All Similar Children
Open Solver Files Directory

Worksheet: Result Summary

Details of "Selution (BE)" =
=I| Solution
Number Of Cores to Use [Beta)

Solve Process Settings

Ceformation
Strain

Stress
Energy

Linearized 5tress
Stress Tool

Fatigue

Contact Tool

Bolt Tool

Probe

Coordinate Systems
Volume

User Defined Result
User Defined Criteria

Commands

i&@@@a@

4888484848

Equivalent [van-Mises)
Maximum Principal
Middle Principal
Minimum Principal
Maximum Shear
Intensity

Maormal

Shear
Vector Principal
Errar

Membrane Stress
Eending Stress

Eottom Peak Stress (Beta)
Top Peak Stress [Beta)

-1| Adaptive Mesh Refinement 'ﬂ,‘,
Max Refinement Loops 1, 'E;I
Refinement Depth 2, o

-]/ Information
Status Dane H

MAPDL Elapsed Time 35
MAPDL Memory Used 112, MB
MAPDL Result File Size 2,0625 MB
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7. NUMERICAL SOLUTION

Details of “Solution (BE)" =

B

B

Safety Factor

[ Static Structural (B5)

B, Pressure

¢Hﬂ Analysis Settings

.~ Frictionless Support

i 78 Frictionless Support 2
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Insert k
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Rename F2
Group All Similar Children

Open Solver Files Directory

Worksheet: Result Summary

Deformation
Strain

Stress
Energy

Linearized Stress
5tress Tool
Fatigue

Contact Toaol
Bolt Tool

Probe

B} @ Ep )

Max Equivalent Stress

Max Shear Stress
Mohr-Coulomb Stress

Max Tensile Stress

Solution ,

- Coordinate Systems
MNumber Of Cores to Use [Beta) |50I\re Process Settings
Adaptive Mesh Refinement B volume
Max Refinement Loops 1, @ User Defined Result
Refinement Depth 2, i o
Information User Defined Criteria
Status Done i Commands

MAPDL Elapsed Time 3,5

MAPDL Memory Used 112, MB
MAPDL Result File Size 2,0625 MB
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Q Numerical Results
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8. NUMERICAL RESULTS

Displacement 2D - Coarse Mesh

ANSYS

2021 R1

00000
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8. NUMERICAL RESULTS

Normal Stress 2D — Coarse Mesh

ANSYS

2021 R1

00000
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8. NUMERICAL RESULTS

Displacement 3D — Coarse Mesh

ANSYS

2021 R1

ACADEMIC

% X
0,00 50,00 100,00 (mm) Z
I e

25,00 75,00

&3 www.esss.co



8. NUMERICAL RESULTS

Normal Stress 3D — Coarse Mesh

ANSYS

2021 R1
ACADEMIC
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9. VERIFICATION

Results for r =10 mm (Coarser mesh)

114,401 MPa 119,85 MPa 101,96 MPa
4,76 % 10,87 %

Results for r =10 mm (Finer mesh)

114,401 MPa 140,43 MPa 117,35 MPa
22,75 % 2,58 %
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9. VERIFICATION

Mesh convergence - 2D problem
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9. VERIFICATION

Mesh convergence - 2D problem
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Exercises
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EXERCICES

1. Based on the safety factor, find the minimum fillet
radius.

2. Do a parametric analysis and plot the maximum
normal stress versus the fillet radius.

3. Do a mesh convergence analysis using parametric
analysis.

4. What happens if we change the material?

5. How can we reduce the maximum stress without
changing either diameters and fillet radius?
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