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2D Plane Problem

B Plane stress, plane strain, axisymmetric, plane stress w/thk

® Plane stress

1 8

-— a -
N Po 2} —> P
= — FI(br)
- —

plane stress analysis .



2D Plane Problem

® Plane strain
» The cross-sections are along the thickness

gzzyyzzyxz=0

po=F/(bL)

Yy py=F/(bL) luuu

Ny . fffirft

=X
real case plane strain analysis




2D Plane Problem

B Axisymmetric
» The cross-sections are along the radial directions

| axis

v’

real case axisymmetrical analysis



Plane Stress — Ex.10

The bicycle wrench shown in figure is made of steel with 3 mm thick. Determine the von-
Mises stresses under the given distributed load and boundary conditions.

R=125cm
The sides of the middle
hexagon are 9 mm long.

‘4—3 -—

| The sides of the corner
hexagons are 7 mm long.

EEEE

Fixed all the way around
this hexagon. 5
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The bicycle wrench shown in figure is made of steel with 3 mm thick. Determine the von-
Mises stresses under the given distributed load and boundary conditions.

Type: Total Deformation
Unit: rmrmn

Time: 1

202374410 T 02:38

012081 Max
010738
0.003052
0.080539
0.0671168
0053892
0040260
0.026846
0013423 .
0 Min Total Deformation

Type: Equivalent {von-Mises) Stress
Unit: MPa

Time: 1

2023/ 0 T4 02:40

72,507 Max
5d.504
56442
45379
403185
32.253
2419
16128

15123 =N
0.0013236 Min Equivalent Stress




Plane Strain — Ex.11

Stresses in a Long Cylinder

A long thick-walled cylinder (with inner radius = 4 in. and outer radius = 8 in.) made of steel is
initially subjected to an constant pressure (of 30000 psi). The pressure is then removed and the
cylinder is subjected to a constant rotation (60000 rpm) about its center line. Find the radial
displacement, radial stress, and hoop stress at the two load steps. (Face mesh size = 0.25 in)

1.250 3.750



Plane Strain — Ex.11-1 - EiEREs

* Face Meshing
mEEaE
. . « ZWHERT)
Stresses ina Long Cylinder ~  oooooooo-

A long thick-walled cylinder (with inner radius = 4 in. and outer radius = 8 in.) made of steel is
initially subjected to an constant pressure (of 30000 psi).

Find the radial
displacement, radial stress, and hoop stress (Face mesh size = 0.25in)

Cylindrical!
Time: 1
2023/4/11 T4 08:06

SteE- 1 84334 Max

-33208
_ - , -6650
%Mﬂ@é@mﬂ:@ﬂ%ﬁ@ -9979.3
- rical Co - s
ol oottt e <1538 Normal stress
2023/4/11 T4 08.05 R
0.0078876 Max i) Radial st
00075659 -29955 Min adial stress
0.0072502
0.0069315
0.0066128 L_»x
0.0062042
0.0058755 — | e
0.0056568 5
0.0053381 o

0.0050194 Min Lim :
/ 2023/4/11 T4 08:07

.

Directional Deformation

49955 Max

Normal stress

Radial displacement = Hook stress

19992 Min

A



Introduction of ANSYS - Solution

® Load Steps

» In a linear static or steady-state analysis, you can use different load steps
to apply different sets of loads--wind load in the first load step, gravity
load in the second load step, both loads and a different support condition
in the third load step, and so on.

> In a transient analysis, multiple load steps apply different segments of the
load history curve.

Load ® Load step

A

Time



Introduction of ANSYS - Solution

B Substeps

> Substeps are points within a load step at which solutions are calculated.
You use them for different reasons:

v In a linear or nonlinear transient analysis, use substeps to satisfy transient time
integration rules

v"In a nonlinear static or steady-state analysis, use substeps to apply the loads
gradually so that an accurate solution can be obtained.

Load A {(®) Substep
O Load step
1 2
Final
load
value Equilibrium
iterations
' >

Substeps 10



Details of "Pressure”

Introduction of ANSYS - Solution

m Step Controls

T Project
= 5 Model (A4)
-, Geometry
-5 Materials
-2 Coordinate Systems
- 20 Mesh
-1 Static Structural (AS)
{1 Analysis Settings_ |
-8, Rotational Velocity
-, Displacement
-,/@, Pressure
=& Solution (A6)
-,/ Solution Information
/@ Directional Deformation

= ———

=l Scope
Scoping Method Geometry Selection
Geometry 1 Edge
=l Definition
Type Pressure
Define By Mormal To
Applied By Surface Effect
ag d Tabular Data
Suppressed Mo
=l Tabular Data

Independent Variable | Time

Details of "Analysis Settings"
=l|Step Controls

Number Of Steps 2.
Current Step Number | 2.
Step End Time 2.5

Auto Time Stepping | Program Controlled

m

=l Solver Controls

Solver Type Program Controlled

Weak Springs Off

Solver Pivot Checking | Program Controlled

Large Deflection Off

Inertia Relief Off

Rotordynamics Controls

Restart Controls B
L D D D D L D D D D L S D D D D i e LT %
Z
30000
24000
18000
BOOD.
(o8
2
I L . |
Tabular Data =i
Steps | Time [s] ||7 Pressure [psi] |
1|1 0. 0.
2|1 1. 30000
3|2 2. 0. 11
x
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» Face Meshing
S
Stresses in a Long Cylinder L EEEIT

A long thick-walled cylinder (with inner radius = 4 in. and outer radius = 8 in.) made of steel is
initially subjected to an constant pressure (of 30000 psi). The pressure is then removed and the
cylinder is subjected to a constant rotation (60000 rpm) about its center line. Find the radial
displacement, radial stress, and hoop stress at the two load steps. (Face mesh size = 0.25 in)

Plane Strain — Ex.11-2

Ste E . 2 1.9908e5 Max
1.7696e5

1.5484e5

1.3272e5

1.1061e5

82491

66373

44256

22139

22172 Min

Jetorm

Normal stress

Radial stress

0.20794 Max
0.20332
0.19869
0.19407
018945
012483
018021
017559
017097

1.6563e6 Max
154596

0.16635 Min
1.4355e6
1.3251e6

1.2147e6

Directional Deformation 1.1043¢6

0.9389e5
8.635e5
7.731e5

Radial displacement 6.627e5 Min

¥

A

Normal stress

Hook stress

12



Nonlinear Structural Analysis

B BRITRIZP - ERAVIEAE(Nonlinear)BEBEXE0 5 B=4R

> #(0IELR 1% (Geometric nonlinearity)
v REFR - KUB

4o IE R o M B BRI Large
Deflection - EEI B ESE
21t . G EMFT S ERIE 5

> i IE4R M (Material nonlinearity)
v IERMITR 2T - BNENELBARIERMER %

(o} o}

A A /

X EEngineering Data - 8%

RIFREMRIEE

> o > o
> 125 IE4R M (Contact analysis)
v IERM 2 1E#81T4 - 20: Frictional - Frictionless * Rough

13



Material Nonlinearity

B ERNSNEEARNREFERRE - RENEBESESMARFMAE - BBV EIIELR
Mo - EMBREERERZZEESTTEAR

BEEBEOTR  EERBENENER 7iEME o EiEBEE RV EEE 7 -
o] #8 A8 2B 14 (elastoplastic) 73 1

s 72 | E2FE (SNES5fE) =2 AHlEn
i | R G| o ik
T8 | BN % (Rate dependency) (Material laws)
bidea SEIE [ (Rate-independent) Linear elastic Hooke's law
Mooney-Rivlin
Strain Hardening Necking )
Stress | + { . Hyperelastic Arruda-Boyce
#E[8 (Rate-independent)
A e Blatz-Ko
Ultimate Strength Multilinear elastic Multilinear elastic
N ST FE[H (Rate-dependent) Viscoelasticity Viscoelasticity
Bilinear isotropic
Yield Strength ) ) o Multilinear isotropic
Isotropic hardening plasticity - - - -
Voce’s nonlinear isotropic
Rise Anisotropic
Bilinear kinematic
Run JEfRE #E[§ (Rate-independent) | Kinematic hardening plasticity Multilinear kinematic
Young's Modulus = Rise = Slope Chaboche
Run ) ) ) . ) ) Chaboche and bilinear isotropic
| Combined kinematic and isotropic — -
S Strain ) N Chaboche and multilinear isotropic
> hardening plasticity
Chaboche and Voce's
424
Egi: jj EE.E\& H :zﬂi Pressure-dependent plasticity Druger-Prager
) . Creep
Viscoplasticity
Anand
FERE (Rate-dependent) ] ) ] Creep and bilinear isotropic
Combined creep and isotropic — - -
. o Creep and multilinear isofropic
hardening plasticity Tz
Creep and Voce's




Material Nonlinearity — & 284 3 7

m B4 718 (plasticity) Friff TRV E 2 B IEME M Bl £ [E A2 (B J1>S ) ) Frsd £ RY
SR ER JEHAMHQH? ot —iE - HECBELERS HBESRE 7E
HEISE M ER . EHRSEAEZE M (elastoplastic) 73 T

m RERIZE MR - FERSEAELEREEME(E(strain hardening) Bl K A E 12

mEMRIEREE Ii'%:'*‘ﬁ/(rjbsy) 2 NBHRERE PKAER - BPZe,
BB BBRIN N EBFRIEEE 2 2B 14 fE4E (plastic strain) - BEFZBERTERE
B &/ (residual stress)fFER # il AEE

Stress
n

Run

Young's Modulus = Rise = Slope

g Run

15

> Strain




Material Nonlinearity — & ZB 44 53 #ft

N ERERTARITESTL BUTEEROBREHMAET !
1. EMH-5TE 24 (elastic perfectly-plastic)
2. &R (bi-linear)
3. Z4E&(multi-linear)
4

. EBMEERAR

ZRHE AR

16



v A

Introduction of ANSYS Workbench £1e omroree v

3 B Geometry :‘
4 @ Model v 4
5 @ Setup T,
® Engineering Data( T2 & i) B

File View Tools Units Help

\_'| New [ Open... Save ﬁSave As... | d]nmort | <+pReconnect ;& Refresh Project +# Update Project | @Remm to Project GCompact Mode :ﬁ

v FO Ml Outiine of Schematic A2: Engineering Datz ARl Table of Properties Row 5: Isotropic Elasticity B v 2 X

[# Physical Properties A A B (& D A B
Bl Linear Elastic 1 Contents of Engineering Data BRI Description 1 | Temperature (C) = | Poisson's Ratio
B ) :
A orthotropic Elasticty Fatigue Data at zero mean stress comes -
{8 Anisotropic Elastidty 3 % structural Steel ‘S | from 1998 ASME BPV Code, Section 8, Div
l [ Experimental Stress Strain Data | 2, Table 5-110.1
{4 Uniaxial Test Data < ©_cortical bone B
E Biaxial Test Data — Click here to add a new material
{4 shear Test Data
Volumetric Test Data d 'SI_ ﬂ,ﬁ % & g *r“'
% Simple Shear Test Data *Z il-‘ .5"' E"“ 'ﬁ'
E Uniaxial TensionTest Data
{4 Uniaxial Compression Test Data
I E] Hyperelastic
E Neo-Hookean Properties of Outline Row 4: cortical bone v @ x v o x
B 30 |
3 Blatko a Property T o ;% os Poisson's Ratio =g
©3 Mooney-Rivlin2 Parameter 2 |8 4 1sotropicElasticty ] @ e ) gl it .
©48 Mooney-Rivlin3 Parameter 3 Derive from YoungsM... v| s 0
§8 Mooney-Rivlin5 Parameter 4 Young's Modulus 17000 MPa =l 3 05
$4 Mooney-Rivlin 9 Parameter 5 —— 0.3 £ .
T4 Polynomial 15t Order 5 Bk MOdOE EBTE] - Y 05 o e 1
© Polynomial 2ndOrder > R——— Yo gﬂ 1E iﬁ'] A Temperature [C]
4 Polynomial 3rd Order
sl s — ALY
Ml tEES A : c L
1] odden Istoraer 1 Type Text Assodation Date/Time
E Ogden 2nd Order 2 Events | Automotive Powertrain Fluid-Structure Interaction (FSI)
% Ogden 3rd Order 3 Events | Ask the Expert - External Data Mapping in ANSYS Workbench &amp; Mechanical 14.0
@A nannannaCunckian N 4 Events | Understanding Hardware Selection for Structural Mechanics
| T View All / Customize... 5 Events | SPE Annual Technical Conference 8amp; Exhibition v

17



Nonlinear — Ex.12-1

SRR
MEIFFRBLEZE RNERE - ERK S %1=0.02m - h=0.015m - a=0.02m : b=0.01m - [E &
R=0.001m - BEt=0.001m - EFFRHNE - REaZEEES D EHHAREE - EAREZyH R

$#d,=-0.002mfis - ;ZEBEREMER  SKOLBREBTRNIZEER -
(1M B Bbilinear material - 5 EEEE=210000x108Pa - EEEELZH 4R NE ZBISOM4ER -
E=30000x10%Pa - ZMEEv=0.3 - B%17€§§FESy=2OOX1OGPa ° o
bilinear material ET
Sy """
d,y il

18




2EBEST

Nonlinear — Ex.12-1 - PR B

|
|
* Form new part :
:
|

* Mesh-Sweep
| ° j(:%&%ﬂ:/

Step. 1 | bilinear material

RABIEBRER
IR M T

EZNEN

Equivalent Stress

19



Nonlinear — Ex.12-1 - S onirERE

|
|
* Form new part :
:
|

. M(zsh Sweep
454
Step. 2 | bilinear material ' o RE

%’iﬂ? S(EM+ER M)

SZ 2-2
WCN 768 B5Z

Equwalent Total Strain

SEEREN
EZNEN

Equivalent Stress

20




Nonlinear — Ex.12-2

SRS

MEFFRBELEERNAER - ERT/I1=0.02m -
R=0.001m - EEt=0.001m - Z2FFHMNE - REaZEHED
$#d =-0.004mfis - ZEBEREMER  KOBREETEN

h=0.015m

.+ a=0.02m - b=0.01m - B A
R EE -

S EZyF a1

(2)# 1l B multilinear material - EIERAHBEXE - BEREZE=71200MPa - Z#tbv=0.31 - &
RRES,=260MPa - EE NEEHRRD —BRHER - EMISOZ ZER B {EE B AANSYSE

B - HRERI PR

multilinear material

420

400

380

[MPa]

Stress

300 /

280 /
/

270 /

260 ¢

Multilinear Isctropic Hardening

Plastic Strain [m m~-1]

1 (0, 260)

2 (0.0066, 341.68)
3 (0.0083, 358.34)
4 (0.0133, 375.01)
5 (0.0266, 408.34)
6 (0.0566, 441.68)

21



Nonlinear — Ex.12-2 ; Rl

|
|
* Form new part :
:
|

* Mesh-Sweep

RBE
Step. 1 | multilinear material
B A NEBEEFER
—EEEBHER
7.8455€7 .7 P —

3.9228e7
0.12371 Min

Equivalent Stress

22



Nonlinear — Ex.12-2 - R

|
|
* Form new part :
:
|

* Mesh-Sweep

° EE
Step. 2 | multilinear material ' - _jE = ;_F’ ______

Ivpe: Equivalent | ot stramn

Nt mJsm

EE ""UEI:E'&.(E ti'l'gg"i)

SZ 2-2
e IL;\

Equwalent Total Strain

6 0867e-5
4.0578e-5
2.0289%e-5
7.6132e-17 Min

2
1.5283e6 SEEAEN
1.0189¢6 .

° EFUEN

5.0945e5
5.4144e-6 Min

Equivalent Stress

23
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Nonlinear — Ex. 13

SRS 5

W1 PR IR AL B T4 S - B RIEEIE - BB RS HIREE - EEA A A 5mm(E
MRFOEE) - SN ARIMETEUR BARNASHEYER  EuSEaEEEY
BF  SRHBIREHROEBEH -

(MRIBREE - oA EMR - 5EEEE=110000Mpa - EEEv=0.3 -

QMBI AEREE  RAEFEZEEMR - BEEEE=110000Mpa - ZHMEtEv=0.3 - Tangent Modulus
E;=1250MPa - [£{R32/£S, =800MPa -

5mm

24



Nonlinear — Ex.13 | gyrggggzt :
| 2 1l 5 :

: ° %ﬁﬂﬂ ﬂ/z,ﬂﬁ‘r

SRS

MMFTEREBNLE BRRENE AEUATHNTER  EHREHOWESIME
@WHHEE)Hﬁ*ﬂﬂ%?ﬁ@%?&hvwﬁmﬂ MEREYER  ERGBAEERY
BF  SRHBIREHROEBEH -

(1)7|%L>Jr‘§r%$i(é|\u - RAAARMEME - 5 ECIEEIE=110000Mpa - EHAtbv=0.3 -

Linear material

Type: Directional Deformation(Z Axis)

Unit: mim

Global Coordinate Systern ¢

Time: 15

2024/2/15 T4 01:59 - W

2.2912 Max
1.7
1.2907
0.79047
0.29021 il
-0.21004

-0.71029
-1.2105
-1.7108
-2.2111 Min

z*z
/ E

Z-D|rect|onal
Deformation

Type: Equivalent {von-Mises) Stress
Unit: MPa

Time: 1s

20247215 T 0158

45933 Max
40829

35726

30622

25518

20415

15311

10207

5103.7
1.0295e-8 Min

EED

Equivalent Stress

25



: _ CiheEeE |
Nonlinear — Ex. 13 i

. BEE T SN

*""”Eﬁ]ﬁ*ﬁ

MEFRSRABE R  BREGNE - AR RS PHRER - BRI 5mm(E
@WHHEE)&ﬂ‘ﬁﬂ%?ﬁﬂ#?&hvwﬁﬁﬂﬂﬁ EVER  EREEEEEEY
B - REBREEENREER

(Z)Mfr#%ﬁ(/a\% CRRAIEEEME . BEEEE=110000Mpa - ZHtEv=0.3 - Tangent Modulus
E,=1250MPa - [£{R32/£S, =800MPa -

Step. 1 Bilinear material

Type: Directional Deformation(Z Axis) Z

Unit: mm

Global Coordinste System

Time: 1 s [
2024/2/15 T4 01:39 )

3.3791 Max
2.6423
1.9055
1.1687
043192
-0.30488
-1.0417
-1.7785
-2.5153
-3.2521 Min

Type: Equivalent (von-Mises) Stress

Unit: MPa

Time:1s

2024/2/15 T 01:40

2“-2 jE
ESNIVE==}

Z-Directional
Deformation

1684.9 Max
1497.7

13105

1123.3

936.08

74887

561.65

37443

187.22
5.1361e-10 Min

FUED

Equivalent Stress

26



. _ AR
Nonlinear — Ex.13 - %gﬁgg_
e B p= ,Z 7N

””EUJ?N‘E

YIRS OB B TS - B RIEENE - IR R R EE - B EhAS R BAE AT Smm(HL
mmﬁmﬁm)Hﬁ*ﬂﬂﬁ?ﬁﬁ%?&hvwﬁmﬂﬂﬁﬁ BYER  EuABAELEN
B KEBREEENRBER

(Z)M/M%ﬁ(/a\ﬁ CRRAIEEEME . BEEEE=110000Mpa - ZHtEv=0.3 - Tangent Modulus
E,=1250MPa - [£{R32/£S, =800MPa -

Step. 2 | Bilinear material

Type: Directional Deformation(Z Axis) Z

Unit: ram

Global Coordinate System

Time: 25 [
2024/2/15 T4 01:45 ; y

3.2676 Max ?IH @:I_ fe4 ﬁ/

2.5546
1.8415
1.1285
041551
-0.29751
-1.0105
-1.7235
-24366
-3.1496 Min

Type: Equivslent (von-Mises) Stress

Unit: MPa

Time: 2 s

2024/2/15 T4 01:43

2“-2 jE
ESNIVE==}

Z-Directional
Deformation

788.17 Max

32 (=9 ]
i B 7]
ENIET]

Equivalent Stress

437.87

3503

262.72

17515

87.574
8.4343e-13 Min

27



Nonlinear — Ex.13

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 15

2024/2/15 T4 0158

45933 Max
40829
35726
30622

25518
20415 WW‘
15311
10207

5103.7
1.0295e-8 Min

I#5mmis FXE45933MPa

Type: Directional Deformation(Z Axis)

gr:s:??oordinate Systemn m Li nea rﬁ *ﬁ

Time:1s

2024/2/15 T 01:59

2.2912 Max
1.791
1.2007
079047
0.29021
-0.21004
-0.71029
-1.2105
-1.7108
-2.2111 Min

I 5mmis =@ 111782.2912mm

Type: Equivalent {von-Mises) Stress
Unit: MPa

Time: 1s

2024/2/15 T4 01:40

1684.9 Max
1497.7

13105

11233

936.08

74887

561.65

37443

187.22
5.1361e-10 Min

Step.1 iIFE5mmis EWE1270MPa

Type: Equivalent (von-Mises) Stress
Unit: MPs

Time: 25

202472715 T4 01:43

788.17 Max
70059

613.02

52544

437.87

3503

262.72

17515

87.574
8.4343e-13 Min

Step.2 BIRUBE FUEI788MPa(ZEE &)

Type: Directional Deformation(Z Axis)

gm%:‘lﬂgoordinate Systemn m Bilinearﬁ *ﬁ

Time: 15

202472/15 T4 01:39

3.3791 Max
26423
1.9055
1.1687
043192
-0.30488
-1.0417
-1.7785
-25153
-3.2521 Min

Step.1 {U#5mmiF =@ I1#%3.38mm

Type: Directions| Deformation(Z Axis)
Unit: mm

Global Coordinate System

Time: 25

20247215 T 0145

3.2676 Max
2.5546
1.8415
1.1285
041551
-029751
-1.0105
-1.7235
-24366
-3.1496 Min

Step.2 BIRMIBE RWEMUZ3.2Tmm(ZEEETT) 2




Contact Analysis

=
= -E’: zl:\= ¢
5 1E 5 )
it 11 r |
I | = % g
&
=g E IEEE
B / REIR
I e 81,
= %
¢F M INE>
Y E SR (B 2 )

L;J mEE 2
SR R A S

29
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Contact Analysis

B 5RTREER TR YEZBENEEE _LIMASEEZ (non-penetration)
&4

P TEIZWMYEEEAG - 5EBEGESafISbMEHERSIEBE - T<M
EEEAUES - Wib—R - LSEEEMEZNER - FoFEAmiEfmSa
MSbiG WEEE YRS - FEEEYEETIREER - BT 7 1ZE9

m ANSYSZEFIF It Z (contact elements)RIEHHERE - R EIZHESE
iEBmITE—WEL - STEEMEZEESIIZ/EG

F

N = |
I b B e




Contact Analysis

ELEMENTS

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

5Y (AVG)
DIMX =.309798
SMN =-.330E+10
SIDX =.296E+10

-.121E+10 179E+09

-Z96E+10

SEZEBDTER

NODAL SOLUTION

STEP=1
SUB =1
TIME=1
5Y (AVG)
DMX =.2
SMN =-.399E-04
SIX =.537E-04

999999999

(REIIEEITER)

31



Contact Analysis

m FANSYSEZD - BEH(Target surface)iY & 24 0] LI ZFiZE 1% H (Contact

surface) - EBEMEIFAIAOIZFZBIRA

m RGN EETTENERITRELRA

B & (Target surface) %% H (Contact surface)
CHEELGE! CHLELNE
[l T ER K (FE) A BV (ER)
EFBZRA(CERE - M) HEBZR/IMR ~ OmH)
Contact B /) Contact

Target Bl £ K Target

E A Rhttps://www.youtube.com/watch?v=kQgYAisb5V4&list=PLF 1WR5I3KTKQ4IQkA56C1m-FU40mB1mzz&index=3

; ; Contact

Target

32



EEHEERGEH

FEREREHZIEEFEREIEY  EHBEETENEBTERAEANESR
El(real constants)IRE -

MEERENERZHENRE - 7 BIBFKN » FTOLN - FKT * TAUMAX
- BERGEHBAINRMREAEDPLETE - HEFRASMU -

ANSYSH¥ HEMITEATE 25t HE ARl Saugmented Lagrangian
method - FR AW ZEER TE &I £ (contact stiffness) KNFIEZF A ZE
(penetration tolerance)MiEsTE R & - HEMYHEERITEZESE
. EZEAEMEF A ZESFERFKNFIFTOLNMEZE & 2K &E
FKNZEEMER/R - OB EMERRcEER EHE 271 L
B—i%Z#aEE (contact spring) - HIEEZ B A EHEIE - miziE
FEKNEZEAFKNELUEERE 2/ E

aaale e

contact spring

F
N
(b)



FKN #ehm{E

— AR RER(E A : (a)fH ¥ A AKEEEE (bulk deformation) 2 1%
Hk/R BlanE Lz mpasEig - TR EFKN=1 - Bl ZFES]
t ; (b)EMYEZEFBEAE M (bending)ikin - BIUNE TEY
“EEHE:%% JCEREFKN=0.01~0.1 - BAIEZES1EY -

Bulky contact; try FKN = 1.0

Flexible contact; try FKN = 0.1 — |

FKN Max. SEQV
0.001 4,000
0.01 20,000
0.1 65,000
1 91,000
10 92,900
100 93,000




FTOLN

B AREfedntE Lt AP MEN TERF IR T LA EE
Y

m A FTOLN# % 7 5 % A%LL%*J% %8 ANSYSZ %2 7 5 o4
ZFTOLNF M E@e AT 22 FEh > ieR 97 o

m ANSYS 11 E i B #4-3] (Coulomb friction model) % - &4 2
#ﬁ@’aﬁéi

n :LJ (R 7 2 L (%) HFTOLN)AR 3T SRR R > 8/ OF

t; Aigl‘é’fa\'%lg_#-,/z"'(ﬁ{’FTOLNP\ i' .‘*01(’# i%’lﬂ
0.01-0.05)

penetration tolerance = (FTOLN)*h




Nonlinear & Contact — Ex.14

2DEBRMEIFA/R - ERRMEEENRYIEE FinBEAEELR Lk
BRZ—5MPaZ 7] - iR HRZIE RN EITIRMEM 1T 2 -
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v A

Introduction of ANSYS Workbench s @ e s

i 3 B Geometry v
4 @ Model v 4,
s @ Setup ? 4
2\ 4 =Sl = 6 § Solution 7
m T HERGERTE o .

> BHAHSHE  FEHSHBERRR @ ZFHEEEBER - WAEISIEEM?
B —E8$4H>From New part

> GEEASHEBREASZENE - EScontactWREF - AIREETILENE - HEEA
BEmisE g EHIE L IEEEE 2807

E].».-‘,[?_é_] A: Static Structural
¢$ XYPlane
....... > ZXPlane
o = YZPlane
«ﬁ Extrude1
.y Planed
-« Extrude
iy @ Freezel
....... » h Boolean2
E....JQ_Z_PQQS 2 Bodies

-

L) Solidll

@ Hide Body
Hide All Other Bodies =) ‘(-Q 1Part, 2 EQ@ES
r Suppress Body = !
If?l Form New Part » : ., @ Solid :
Suppress Solid Bodies - i_ ., @ Solid :
Sketching  Modeling r '__/; Generate . 44— T
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% A

Introduction of ANSYS Workbench | ST

3 [B Geometry v o,

4 @ Model v .,

i5 @ Setup ¥,

m %M (Contact):& E ICET ——

> EEEEEEEI AEpart 25 H - WA Connection®d #/RFFA Zcontact&E i3
> EFTREE
v Bonded
- JERRIEE - RARHBEMSE - SRBYIWRER(penetration) - 1E5IRHEE EE
v No Separation
- #i{llBonded - {£#E AN E(3D)5XE(2D) 21 - R AME S - EOEEBEHALEMERERBH
v Frictionless
- LEREEEE - REBREBEGER0 - RFEEEE - HIRSBEQNEBNR0 - ZAE 5 E
v Rough
- #{lFrictionless - BER%E - |ELHBH  ZOEoH
v" Frictional :
- BEERGE - AHREEE - ZOEoEk

(=] Project

= || Model (D4)
,,ﬁ Geometry I =
B1-2% Coordinate Systems____ _ | “

=,/ Connections

]

] 1
: : = Contacts :
1 E I
1

I

-------- #. Contact Region
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Contact — Ex.15

ALF RS

BEREIEESHERESEETEREE  RYWNEBEMR~ - WiEINECADENES 218 1 7 1E 5212 (screw.igs)
EEA - ht0AIE SJ200NESH R ERIBEN(ERERIEEEE—VWMER)L  UREEEB/IHRES
SMIIBEEHRE RO RNE) - FMREEY - BE B (B KHE17000MPa ; 5E1L50.3)  REB (B KH%
#200MPa ; SEALE0.2) KIBFE (3L & £ 15 K% E110000MPa ; SE#ALE0.33) - IRANEEHEYS - 43
R~ B520.5mm * IFES0.8mm * FES1.0mm ~ FEESANAIEAEO.5mm - BiRIFE 5 &

-

K3 FEE (Maximum Principal strain) & 18£S g X 5 & 71 (von-Mises stress)I1B 7 -

(1) BEfe i F E B/ E B R E A4 S (unbonded )R B8 7 &8 E (1R BB BRI iE A\ S 8R)
(Q)EREEEES/REEFRHELA S (bonded)IAE VR E(RERIBERESECESESR)
2
- 00N
]
BES D = q M
- a 'y
»
q
q
%EE : 17mm
>
q
q
»
— A :EEERO
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EE- N
I M AE Y E i
Contact — Ex.15 |+ SNEVEREA |
I« Offset plane :
i * Move :

(1) Unbonded | - Contacti’® |

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1

2023/4/25 4 09:55 A\

) S
48447

| 4239.1
{36335

3028
E 24224
— 1816.8

1211.3
ﬁ 605.71

0.14336 Min

Screw

HFUEN

Equivalent Stress

Type: Maximum Principal Elastic Strain
Unit: mm/mm
Time: 1

202374725 R 10:01

. 0.0063057 Max

0.0056054

— 0.004905

— 0.0042047

1 0.0035043

— 0.002804

— 0.0021037
0.0014033

ﬁ 0.00070297
2.6203e-6 Min

Cortical Bone

RAFRE

Maximum Principal Strain

40




R 1=
Contact — Ex.15 < ShEpEEE A |
I« Offset plane :

i * Move :

(2) Bonded | - Contacti’® |

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

202374725 R4 1045 r,-‘\

Y

. 5449.9 Max
48445

|1 4239

|| 36335

| 3028

e 24226

| 18171

L | 12116

E 606.14
0.66532 Min

Screw

HFUEN

Equivalent Stress

Type: Maximum Principal Elastic Strain
Unit: mm/mm

Time: 1

2023/4/25 R 1048

. 0.0097845 Max

0.0086934

1 0.0076123

1 0.0065261

| 0.00544

1 0.0043539

L | 0.0032677

L | 0.0021816

i 0.0010955
9.3299¢e-6 Min

Cortical Bone

Maximum Principal Strain
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Contact — Ex. 16

o
78 bE A INESCADER 23218 7 #EEE FH Zf[E 1€ (cage.igs) - BIEAE Z EH =S HWABFIR) - fif
MEEGE FMIZ0.6mmiRHEEEIEE FHE L - WIRHIER N A HEE#HZEHBUE (NN NEEEFEE)
ZEol i EE)N(X/IZH @ BARERO0) - MRMEEK%E(110000MPa ~ SBMALE0.3 - AN EIEAE -
AER~T0.5mm - £ 75 El#HEA TE M 2 BB RR XE (contact) & Frictional ~ EEIR(4810.3 - EREELfE
SREEBIRER - KL & AEFEES(von-Mises stress) ©

only rotation




LEEL:

COntaCt - EX.1 6 Lo (S:uppres;jf%!ﬁj__ﬂJ
 * Contactax e
ST, « AR

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPs

Time: 15

2024/2/27 L4 12:30

5276.3 Max
2000

1750

1500

1250

1000

750

500

250

0.00019551 Min

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time:1s
202442427 L5 12:27

5276.3 Max
2000

1750

1500

1250

1000

750,01

500.01

250.01
0.011594 Min

FED

Equivalent Stress
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Ex 16-1:3D Pin-hole contact problem
Classical Contact Tutorial

= Problem Description

F This is a 3-D analysis of a steel pin contacting a smooth pinhole in
a block. You will define two different load steps. The objective of
the first load step is to observe the interference fit stresses of the
pin which is geometrically thicker than its pinhole. The objective
of the second load step is to observe the stresses, contact
pressures and reaction forces due to the motion of the pin being

pulled out from the block




m The dimensions of the model are as follows: PIN radius = 0.5
mm, length = 2.5 mm. BLOCK width = 4 mmm, length =4 mm,
depth =1 mm. PINHOLE radius = 0.49 mm, depth =1 mm. Both
solids are made of structural steel. (u=0.2)

m Approach and Assumptions

P You will use two load steps to set up the analysis: Load Step 1:
Interference Fit -- solve the problem with no additional
displacement constraints. The pin is constrained within the pinhole
due to its geometry. Stresses are generated due to the general
misfit between the target (pinhole) and the contact (pin) surfaces.
Load Step 2: Pull-out -- move the pin by 3 mm out of the block
using DOF displacement conditions on coupled nodes.



Nonlinear & Contact — Ex.17 ¢z - mmrezmeys)

JEARMERT Y
IER—KFEPIETTH - BRI R — ST SRR - SHERREMME - BRI ER
£ 5I/S3)(TESTDATA) - ©& B8/ a6 0I5 R DR -

ABBEGS BT ER YIRS ASIBE RIS - RS TSR > ST R
- IWRIELI2DE TR - A LIPLANE STRAINMETIESHEBRE B AL () B/ R

1#20.85"
1.100
800 H55G 200
Z [2] Biaxial
/ SR 160 test.
].133 | K R | -
/‘\_\ ‘\\ .g- |20 /
Riso B % 2 [3] Shear test.
867 \ 5 80
A RIS0 g 050
\ 40 [1] Uniaxial
\ Vol
[133 ] h . j/ test.
R 0
0 0.1 0.2 0.3
/
s 333 500 /////R'200 < R.050 Engineering Strain (Dimensionless)

B : inch
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P82

Nonlinear & Contact — Ex.17

Type: Maximum Principal Stress
Unit: psi

Time: 1

2023/2/18 £ 05:12

135.59 Max
115.78
95.967
76.155
56.344
36.533
16721
-3.09
-22.901
-42.713 Min

Type: Minimum Principal Stress
Unit: psi

Time: 1

2023/2/18 £ 05:15

6.2675 Max
-6.8068
-19.881
-32.956
-46.03
-59.104
-72.179
-85.253
-98.327
-111.4 Min

Type: Shear StressC<Y Plane)
Unit: psi

Global Coordinate System
Time: 1

a0oonoone

EAERET]

2023/2/18 £ 05:15
21 Max SABEBBSNENEEEaaEEEE :
120 PR -
1222 R ;
1.7309 —7
-4.6922 ma
11115 SREEEEEE HaNEeRERER : .
s HENEEAHLSABNNERERAE : ‘
Pt EENENNE NN HHLLLHL :
-30.384 OO0O0O000000 Onooo . =

Type: Maximurn Principal Elastic Strain
Unit: infin

Time: 1

2023/2/18 £ 05:18

0.16757 Max
0.14895
0.13033
011171
0.093095
0.074476
0.055857
0.037238
0.018619

0 Min

Type: Minimum Principal Elastic Strain
Unit: infin

Time: 1

2023/2/18 £ 05:19

0 Max
-0.01865
-0.0373
-0.05595
-0.0746
-0.09325
-0.1119
-0.13055
-0.1492
-0.16785 Min

Type: Shear Elastic Strain(XY Plane)
Unit: infin

Global Coordinate System

Time: 1

2023/2/18 £ 05:20

ﬂﬂﬂg EP.a' :
. 7M‘Hdata[)\ I

Hyperelastic

BAEES

Tu?ﬁg:‘z

e

0.10479 Max

0.072577

0.040369

OOoooon

oooono

0.0081613
-0.024047
-0.056255 0

-0.088463

sis|sls

-0.12067

oooooo
oooo
oOooo

-0.15288

oOooooo
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m R E{E(Topology Optimization)®— B4R E(ERI - BT ERR
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B Topology Optimization (Structural Optimization) Qs
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v Design Region =4 Design Region 1
Scoping Methed Geometry Selection 1
v Exclusive Region Geometry All Bodies 1
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- {8 Model (A4, B4) Boundary Condition | All Boundary Conditions !
B, (&) Geometry Imports =| Definition
¢® Geometry Suppressed |No
J Materials [=)| Optimization Option
.""V':\ Coordinate Systems Optimization Type |Topo|ogy Cptimization - Density Based
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n-----,m Static Structural (AS)

-------- 1 Analysis Settings
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Introduction of ANSYS Workbench

B Topology Optimization (Structural Optimization)
> BfREE! - Objective
> PREIEH - Response Constraint

]:I Project* Right click on the grid to add, modify and delete a row.
B (@ Model (A4, B4)

..... . Geometry Imports Enabled I Response Type l Goal I Criterion I Formulation I Environment Name l Weight I Multiple Sets l Start Step l End Step |
E] "’/’@ P |Complian v, Minimize = N/A  Program Controlled  Static Structural N/A Enabled 1 1
-8 Materials Mass
----- 33 Coordinate Systems ance
H 1
B-,/%D Mesh Stress
EJ-----,, Static Structural (A5) Criterion
- /1] Analysis Settings
- i @ Fixed Support Details of "Response Constraint” * 1 0OXx
....... v e‘ Force = Scope -
B v, @ Solution (A6) Scopmg Methed Optimization Region
....... ¥, ¥1 50|Uﬁon Information Optlmlzatlon Reglon Selectlon Optimization Reglon
{ Lo v @ Equivalent Stress 2| ' Definition
EJE Topology OPtlmlzat'on (85) Type Response Constraint
b vk m Analysis Settings Response Volume j
: ....... Define B Mass
../I Qptimization Region _ = ; Volume
Objective | Percent to Retain Center Of Gravity
i ,_EJ_, Response Constraint I  Suppressed Moment Of Inertia
..... Solution (B6) Global Stress
‘/@- ' s I-tlt Informati Local von-Mises Stress
: OLISOoN Information Displacement
- /@] Topology Density Reaction Force
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Introduction of ANSYS Workbench

B Structural Optimization (Topology Optimization)

> Ex{E4518 - Topology Density (¥ 2 [E)

T project*

=

{5 Model (A4, B4)

J Geometry Imports
(- Geometry

‘,@ Materials

J;,; Coordinate Systems
‘/Q Mesh

B[4 Static Structural (A5)

- /HH] Analysis Settings
....... v, @ Fixed Support
....... / @ Force
B-,{&) Solution (A6)

-{5) Solution Information
/@@ Equivalent Stress
&% Topology Optimization (BS)

....... v [ Analysis Settings

-, Optimization Region

- & Objective

....... ]} Response Constraint

B-,{& Solution (B6)

- (5] Solution Information

Details of "Topology Density"

Scope

v B

il @ Structural Optimization

2 & Engineering Data v 4
3| @ Geometry ? .
4| @ Model ? .
5 @@ Setup ? .
6§ Solution ?.
17 @ Results ?

Scoping Method

Optimization Region

Optimization Regicn Optimization Region

Definition

Type Topology Density

By Iteration

teration _________ LS e
d old 0.5

Exclusions Participation Yes

Calculate Time History Yes

Suppressed Ne

Results

| Minimum 1.e-003

| Maximum 1.
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Structural Optimization — Ex.18

ERERMEFAR - Bt HZIEREITHERE{E(Topology Optimization) - &{E{EBEIEAMIE
RXBEET - #/V40%FETE - M EHStructural steel - fAEH X AU HEEE(Tetrahedrons) -

MERTH/1mm - FREAEELRE I EEAANE(YSE - [@F10N) -

40

5

0€

Unit: mm

52



Structural Optimization — Ex.18

Equivalent Stress

Type: Equivalent {(wvon-Mises) Stress

Unit: MPa
Time: 1 s

202372425 £ 07:02

. 3.8419 Max
34151
— 2.9882
— 2.5614

2.1346

. 1.7077

— 1.2809
0.85407

I 042723
0.0003912 Min

Topology Density
Type: Topology Density
Iteration Number: 20
2023/2/25 £ 07:05

[ Remove (0.0to 0.4)
D Marginal (0.4 to 0.6)
[ Keep (0.6to0 1.0)

Equivalent Stress

MEREER
Topology Density
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Design Validation — Ex.19

=HbrackettE R MBI FR7R - A EIZERGAIERETHERE(E(Topology Optimization) -
RIECEERAERABET - #B50%EE18 - #i{EAStructural steel - HER~TH1mm -
ERIERE - AAIEAHE NS - iiFIFDesign Validationi$RIE(CEEBBEIETHENW
- ALERAENET RECEREEBRNIDTERESE -

1) Y750 - [ F100N

2) X7m - [E7H100N

Fixed
t=2mm

30
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esign Validation
paceClaimERE1&

Design Validation — Ex.19

nwo

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1s

2023/3/23 k% 07:59

Type: Equivalent {(wvon-Mises) Stress
Unit: MPa

Time:1s

2023/3/23 % 07:49

39.22 Max 24.012 Max
34,893 21.349
30565 18686
26.238 16.024

21.911 13.361

17.583 10698
13.256 8.0355
89235 5.3728
4.6011 2.7101
0.27373 Min 0.047378 Min

RIpEBIEET([E ) R EEENET([DA)

Equivalent Stress Equivalent Stress

Type: Topology Density
Iteration Number: 10

202373723 k5 07:59

Type: Topology Density
Iteration Number: 23
2023/3/23 k% 07:50

[ Remove (0.0to 0.4)
[[] Marginal (0.4 to 0.6)
[ Keep (06tc 1.0)

[l Remove (0.0to 0.4)
D Marginal (0.4 to 0.6)
[ Keep (0.6t0 1.0)

WMERELB(T ) MERELB(OA)
Topology Density Topology Density o




esign Validation
paceClaimE i {Z1&

Design Validation — Ex.19

nwo

Type: Equivalent {(wvon-Mises) Stress Type: Equivalent (von-Mises) Stress

Unit: MPa Unit: MPa
Time: 1 Time: 1
2:;;;/3;23 4 07:49 2322/3/523 k4 07:59
30.22 Max 24.012 Max
34.803 21.349
30,565 18686
26.238 16.024
21.911 13.361
17.583 10.698
13.256 80355
80285 5.3728
4.6011 27101
0.27373 Min 0.047378 Min
—+4 fbm A —+4 b A
JRIGEBIE I E (3 B) JRIGERBIE N E (D A)
Equivalent Stress Equivalent Stress

Type: Equivalent (von-Mises) Stress Type: Equivalent (von-Mises) Stress

Unit: MPa Unit: MPa
Time: 1s Time:1s
2023/3/23 4% 07:55 2023/3/23 £% 07:56
39.616 Max 23.762 Max
35.214 21.122
30813 18482
26411 15.842
22.009 13.201
17.608 10561
13.206 7.9208
8.8046 5.2805
4403 2.6403
0.0014006 Min 1.9065e-6 Min

HRGB(O M) SFET] HRGB(DA)FUET]

Equivalent Stress Equivalent Stress .




Submodeling

® Understanding Submodeling

> In finite element analysis, the finite element mesh is sometimes too coarse
to produce satisfactory results in a specific region of interest, such as a
stress concentration region in a stress analysis as shown in Figure

B To obtain more accurate results in such a region, you have two
options:

» (a) reanalyze the entire model with greater mesh refinement (time-
consuming and costly )

> (b) generate an independent, more finely meshed model of only the region
of interest and analyze it. Obviously, option (submodeling technique)

Stresses near this fillet are

not accurate due to the

coarse mesh and the high stress
gradient

Stresses away from the fillet
may be OK
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Submodeling

® Submodeling

» the cut-boundary displacement method or the specified boundary
displacement method. The cut boundary is the boundary of the submodel
which represents a cut through the coarse model. Displacements
calculated on the cut boundary of the coarse model are specified as
boundary conditions for the submodel.

Cut-boundary nodes

B Submodeling is based on St. Venant's principle

» If an actual distribution of forces is replaced by a statically equivalent
system, the distribution of stress and strain is altered only near the
regions of load application. The principle implies that stress concentration
effects are localized around the concentration; therefore, if the boundaries
of the submodel are far enough away from the stress concentration,
reasonably accurate results can be calculated in the submodel.

58



Submodeling

® How to do the submodeling technique? ' . o e
1. Create and analyze the coarse model. }r—x\" ;
2. Create the submodel. '\ iJ /_]
3. Perform cut boundary interpolation. | 7 ol :lp“.fd;mtgh:
4. Analyze the submodel. Actual Geametry Fine Element Mode

Part of the r
coarse model

Cut-boundary nodes %Eﬂ.rgm& 7

-
Y
-
Y
-
Y
=
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Submodeling

® The submodeling technique has other advantages:

> It reduces, or even eliminates, the need for complicated transition regions
in solid finite element models.

> It enables you to experiment with different designs for the region of
interest (different fillet radii, for example).

> It helps you in demonstrating the adequacy of mesh refinements.
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Example 20

nEAEEEEE—D  RI/Af/EFRFEHINE - FEBEHCorse 1H2ET
o - BEEEME ZSub model (EEIARO/EIARL/EIAR2.XX) - EdSub
model R2.X BFIASECE L oJsEEEBERE - ML Corse K& Sub
modelsBIEN 2 - :

Sub model R=0

[/
Depth = 30 mm Sub model U&

Sub model R=1
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Example 20 - -
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- Model (D4) T—
B8 uUnsaved Project - Workbench : -‘/ Geometry Imports

File View Tools Units Extensions Jobs Help

GHEe

o @ Geometry
-/ Materials

A=A L Project B3k Coordinate Systems

) import... | <pReconnect [£) Refresh Project # Update Project ~ | Resume /7 Update Al Design Points | B8 ACT Start Page "-/'EI' Connections
oo /@ Mesh
|EI Analysis Systems ‘ — — B : Static Structural (D5)

2 | & Ergineedng Data 4 2| @ EngnesingDat ./ . IE Iysis Setti

[ Coupled Field Harmonic 3 @ Geomany v, 1 B Georery v —y Analysis : ngs

[B Coupled Field Modal 3@ Mooe v, + @ Mo 7, =) Submodeling (A6)

[ Coupled Field Static - B v m—®5 | @ Seup v . . [P Imported Cut Boundary Constraint
[E Coupled Field Transient I & {3 Souion v & § Souton v . B ]E' Solution (D6)

#) Eigenvalue Buckling — o — — 7 D Reis v, WL : )

2 _ g\ A i[53 Solution Information
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x Structural 1\ SUB RO ; .
Explicit Dynamics |\ ;""‘(ﬁ Total Deformation

Fluid Flow - Blow Molding (Polyfiow) i @@ Equivalent Stress

&) Fluid Flow-Extrusion (Polyflow) ‘

(& Fluid Flow (CFX) (Il = g
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) Analysis Settings
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. Peos | 4@ Mol Y 4 — Constraint object to transfer displacements

" o)

k) staticAcoustis 5@ Sewp v . X Delete and rotations in a submodeling analysis.
& Static Structural 6 @ Souton v, T Rename F2
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Example 20

B Unsaved Project - Warkbench
File Edit View Tools Units

re S
o =2

Extensions Jobs  Help

E Project ?p—.l C8:Parameters X

) Resume // Update All Design Points

Toolbox L B Outline of Schematic C8: Parameters
A B C D
No mdbox&h:r;:;;mvﬁbk for the 1 D et Value Unit
2 = Input Parameters
3 = SUBR1(C1)
4 B PL Plane5.R2 1 mm
= l'p New input parameter New name New expression
6 = Output Parameters
7 B B3 suBRr1(CY)
8 p_..l P2 Equivalent Stress Maximum | 46042 MPa
& ﬂ New output parameter New expression
10 |E Charts
11 |/ parameter Chart 0
B
Value
| T View All / Customize. ..

A B c D E F
P2-
1 Nome v F1-Planes S v | L Retan Retained Data Note +
Max...

2 Units mm =| mMpa
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