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2D Plane Problem

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

B Plane stress

- —-
i a — .
y Pq ::b : Pa—
L, o —> F/(br)
- —

plane stress analysis .



2D Plane Problem

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

€Z=Vy2=yxz=0

pa =1 /(bL)

gy 20

. fFF
t_'x Pa

real case plane strain analysis




2D Plane Problem

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

| axis

v s’

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 middie
hexagon are 9 mm long.

The sides of the corner
hexagons are 7 mm long.

Fixed all the way around
this hexagon. 5




Plane Stress — Ex.10 DAHRE

. EMLT@

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.

0 Min Totall Deformation
ENEN

0.0019236 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)

0.000 2.500 5.000 (in)

1.250 3.750



Plane Strain — Ex.11-1 |+ AR ’

* Face Meshing
R
- : 1 e LD
Stresses in a Long Cylinder g

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)

pm 84334 Max
-33208
-6650
-0979.3
-13309
-16638
-19967
-23296
-26625
-29955 Min

Normal stress

0.0078876 Max
0.0075683
| 0.0072502
| o.000315
! 0.0066128
| 0.0062942
0.0059755
| 00056568
| 0.0053381

0.0050194 Min

Radial stress

; mm 49955 Max

; i % — 46625

g 43296
399067
. . . 36638
Directional Deformation 33308
29979
26650

Radial displacement 23321

19992 Min

Normal stress

Hook stress

A3
¥

o



Introduction of ANSYS - Solution

B | oad 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

A (*rLoad step

-
v

Tirme



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
) Load step
1 2
Final

load \J—\

value o
Equilibrium
iterations

- | N
Substeps 10



Introduction of ANSYS — Solution

m Step Controls

T Project
B Model (A4) Details of "Analysis Settings"
'"V @ Geometry :EI Step Controls a
«‘m Materials : Number Of Steps 2
[H-,.: Coordinate Systems I | Current Step Number | 2.
F-, @ Mesh ! Step End Time 2.5
Efﬁ Static Structural (A5) ~ TAuto Time Stepping |Program Controlled =
i =l Solver Controls
....... /T Rotational Velocity Solver Type Program Controlled
i Weak Springs Off | 5

- /@ Displacement

/@, Pressure

=& Solution (A6)
- Solution Information
-/ Directional Deformation

Solver Pivot Checking | Program Controlled
Large Deflection Off

Inertia Relief Off

Rotordynamics Controls

Restart Controls b
Details of "Pressure" « 0 [Ox Graph B R R B R R R B R R R R RSN
=l Scope
Scoping Method Geometry Selection jﬁ_
Geometry 1 Edge
=l Definition =
Type Pressure -
Define By MNormal To . L
Applied By Surface Effect | | .
| Mag d Tabular Data .
Suppressed No Tabular Data i i i
= Tabular Data Steps | Time [s] ||7 Pressure [psi] |
- - 1|1 0. 0.
Independent Variable | Time 51 1 30000
3|2 2. 0.
4




Plane Strain — Ex.11-2

Stresses in a Long Cylinder

| B

:-Eﬁ@%@@!
I « Face Meshing 1
. EERE
e SR

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)

Type tres )

R
0.20332
019869
019407
018945
012483
018021
017559
017097

0.16635 Min

Directional Deformation

Radial displacement

1.5484e5
1.3272e5
1.1061e5
88491
66373
44256
22139
22172 Min

Normal stress

Radial stress

1.

eon

1.545%9¢6

|| 1435505
| 1.3251e6
L 1 2147¢6
1 1.1043e6
[ | 5038965
L] ga3ses
J 7.731e5
6.627e5 Min

Normal stress

Hook stress

12



Nonlinear Structural Analysis

B BRITRZDP - BERFEZE(Nonlinear)BEEE0] 5 A =4A

> #{0IELR M (Geometric nonlinearity)
v KER; ~ KU

LMOIFEME L ITERRMLarge
Deflection - BEISUBEESE
#{E - BEMTEEE B

> MiIFELR M (Material nonlinearity)
v IERMTRZREY - BB B2 R IER IR

) o)

) ) /

]

s’ EEENgineering Data » 187
RIEREMRME

i > g
> 257 IE4R % (Contact analysis)
v JEEM 2 IEETTA - 20: Frictional ~ Frictionless * Rough

13



Material Nonlinearity

HRNDMBEARRREE - RENHCEEZ MGG - BRA/VIEIFR
I‘.—“E i - EMERRERERZEAEREDTEEAR

BESESTY  BEfS iﬂ?zﬂ’]l!:ﬁ@ET? HEER o> BB R SR R EARVEE M Bl 72
oJiE BB 2B (elastoplastic)?

g fiz | ESFEERER (SNRFRY) ZR8 ; FHER
;_j = - g HEIEEAE a )
15 I, {% (Rate dependency) (Material laws)
| GBI | ZEREE (Rate-independent) Linear elastic Hooke's law
Mooney-Rivlin
Strain Hardening MNecking )
Stress [ $ { ) . Hyperelastic Arruda-Boyce
| ZEEE (Rate-independent)
T [ ST Blatz-Ko
Ultimate Strength Multilinear elastic Multilinear elastic
=) ( I il i i
" B FEfE (Rate-dependent) Viscoelasticity Viscoelasticity
Bilinear isotropic
THIG SR ) . . Multilinear isotropic
Isotrapic hardening plasticity - - -
\oce's nonlinear isotropic
Rise Anisotropic
Bilinear kinematic
Run FERIE H[EE (Rate-independent) | Kinematic hardening plasticity Multilinear kinemnatic
Young's Modulus = Rise = Slope Chaboche
Run . . . ] ] ] Chaboche and bilinear isotropic
JEiEE Combined kinematic and isofrapic —— -
~  Strain ) o Chaboche and mulilinear isotropic
i hardening plasticity
- Chaboche and Voce's
EE: j] EE: E :%7? Pressure-dependent plasticity Druger-Prager
) o Creep
Viscoplasticity
Anand
TEfH (Rate-dependent) ) ) ) Creep and bilinear isotropic
Combined creep and isofropic — - -
) . Creep and multilinear isotropic
hardening plasticity T
Creep and Voce's




Material Nonlinearity — S&EZBt4 53 4f

m B84 1B (plasticity) PRI SEAV S S RAE M AT EE 08 (R 16 (T 1>, ) BT 85 2E 0

SHM &R l='73"7|‘7H43|5£?L¢. P TRV —3E EEII_.IﬁtI:'#*ﬁij BIE G 7 &
BB B . ERDTIESELEH (elastoplastic)?

m MRERZEME  FERZAELEEME(E(strain hardening) Bk X &

n EMELER BB (BII>S,)) - ENNBIREIFEE FXKAERE - BPZe,
EUH*&I‘?M@J@FE FRE 7 PR ESE (plastic strain) - BEMZBERATERRE
B E(residual stress)FERMRIAER

Stress
LA

Run

& Young's Medulus = Rise = Slope
Run

> Strain




Material Nonlinearity — SEZB 14 73 #fr

N EHBBRAHBRITEST L - BUNEERNEEHMARED
1. SEM-EEZB M (elastic perfectly-plastic)
2. EB&REM (bi-linear)
3. ZBHRE&(multi-linear)
4

. EMEERAR

EiE-Se RN g ZA M4 AR

16



A
Static Structural

Introduction of ANSYS Workbench (510 tomenaons 7

3 [ ceometry v
4 @ Model v 4
5 @ Setup ?,
. . 0 =4 WS 6 Solution 7
® Engineering Data(T2E ) @ Rt >
F |
N Unsaved Project - Workbench - O

File  VWiew Tools Units Help
|_'] Mew EOpen... @ Save ESave As... | ﬁjlmport... | «(@Reconnect (@ Refresh Project < Update Project | @Remrn to Project @ Compact Mode ﬁ

LM Outine of Schematic AZ: Engineering Dats SREIEA Teble of Properties Row 5: Isotropic Elastiaty ~ B x

Physical Properies ~ A B C D A B
Bl Linear Elastic 1 Contents of Engineering Data = '@' B Description ) Temperature (C) -~ | Poisson's Ratio
iz | :
E Orthotropic Elastidty Fatigue Data at zero mean stress comes —
TE] Anisotropic Elastidty 3 Structural Steel [ E2 | fom 1998 ASME BPYV Code, Section &, Div
| B Experimental Stress Strain Data | . 2, Table 5-110.1
E Uniaxial Test Data < cortical bone O
El Biaxial Test Data o Click here to add a new material
%7 shear Test Data
E Volumetric Test Data *Z %l-SI_ ﬂ,E E%&g *ﬁ
E] Simple Shear Test Data .5"' m
E Uniaxial TensionTest Data
EI Uniaxial Compression Test Data
| Bl Hyperelastc
T4 Neo-Hookean w 4: cortical bone SBEMEA chart of Properties Row 5: Isotropic Elastity ST X
E Arruda-Boyce -
%7 Gent A B C D |E Ll ——
) Blatz-ko 1 Property Value Unit 3| (B B oos Pofsson's Ratio —y—
E Mooney-Rivlin 2 Parameter 2 = EI Isotropic Elasticity Il n *
E] Mooney-Rivlin 3 Parameter 3 Derive from Young's M... LI E 0
T Mooney-Riviin§ Parameter 4 Young's Modulus 17000 MPa = 18] 8 -os
%3 Mooney-Rivlin @ Paramater S Poisson's Ratio 0.3 ] . L
E Polynomial 1st Order s Bulk Madulus L A167E ] N ) 1 0.5 0 05 1
= Pol)’nom?alzndﬂrder = =hear Modus T ;ﬁ{a ﬁﬂu A Temperature [C]
E Polynomial 3rd Order
| AY 4 g ol J;l x
Mt iELE A : c o |~
1 Type Text Assodation Date/Time
E' Ogden 2nd Order 2 Events | Automotive Powertrain Fluid-Structure Interaction (FSI)
E‘ Oaden 3rd Order 3 Events | Ask the Expert - External Data Mapping in ANSYS Workbench &amp; Mechanical 14.0
A Aoconos Einbion > 4 Events | Understanding Hardware Selection for Structural Mechanics
| T View All / Customize... 5 Events | SPE Annual Technical Conference &amp; Exhibition W

17



Nonlinear — Ex.12-1

A Akl
MEIMRBELBERNEE - HR%H1=0.02m - h=0.015m ' a=0.02m - b=0.01m - & &
R=0.001m - EEt=0.001m - EFRHNE - REaZEEHES D ZHHREE - E4EZyH R
$%d,=-0.002mf5 - ZEBEELERER  SKEBRAEERNEZEER -

(LMK Bbilinear material - 5 KB EE=210000x10%Pa - EEE HEE AR INE ~BISORAR -
E;=30000x10%Pa - EALbv=0.3 - B&AEES =200x10%Pa °

bilinear material E
T

18




Nonlinear — Ex.12-1

1

Step. 1

bilinear material

L REHE

|

e M*ﬂ'fﬁ%‘f&ﬁ
! « Form new part
I * Mesh-Sweep

EAXEIERRER
—EF PR A

Equivalent Stress

19



Nonlinear — Ex.12-1 e

Step. 2 [ bimear matral

* Form new part
i « Mesh-Sweep

0.0012317
0.0 m&“@iﬁkk

528 .%El?%“(ﬁ'ﬁ+2§'i¢)
SZI\IL:\JI_‘: """""

Equwalent Total Strain

yﬂ%ﬁﬂﬂgjj

Equivalent Stress




Nonlinear — Ex.12-2

RN

MBI REBUEERNEGE  HRL~TAI1=0.02m - h=0.015m : a=0.02m - b=0.01m - [E &
R=0.001m - BEEt=0.001m - EFIREWNE - REaZRHZIB D ELWRETE - S4E 2y HEMU
$%5d,=-0.004mi5 - ZEBEFBUER - KEBREARNWEEER -

()M Kl Bmultilinear material - %ﬁ)’%‘&ﬁ%izﬁ B IR BE=71200MPa - Ztbv=0.31 - [§
ﬁtﬁﬁ}*s =260MPa - EE NEEHRIETA—EBEMAR - BMISOZZEHAEBILE# AANSYSE
mE - BEEEAENFIR -

multilinear material

Multilinear Isotropic Hardening NNEYS
. e 1 (0, 260)
- 2 (0.0066, 341.68)
i 3 (0.0083, 358.34)
. il 4 (0.0133, 375.01)
7 5 (0.0266, 408.34)
§ / 6 (0.0566, 441.68)

o 0.005 0.01 0.015 0.0z 0.025 0.03 0.035 0.04 0.045 0.05 0.055
Plastic Strain [m m™-1] 21




Nonlinear — Ex.12-2

1

multilinear material

EEEE
e MRMEERRTE
! « Form new part
I * Mesh-Sweep

|« RE

B AR ABBRER
LBty

FUEN

Equivalent Stress

22



Nonlinear — Ex.12-2 AR ERE

Form new part
| . I\/Iesh Sweep

—— e - - o - owd

Step. 2 | multilinear material | i _____
Type: Equivalent Total Strain
Unit: m/m
Time: 2

202374725 B 11:09

[ 00001826 Max
0.00016231
| 0.00014202
|| 0.00012173
| 0.00010145
L1 21156e-5 N
|| 6.0867e-5 R ,.,\'ﬁ Z(EME+ZE M)
| 4.0578¢-5

i > 0280e-5 SR

7.6132e-17 Min Equwalent Total Strain

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

Time: 2

2023/4/25 R 11.08

4.585eb hMax

. 4.0756e6
— 3.5661e6
—— 3.0567eb
L 2.5472eb
— 2.0375e6 5 70
— 1.5283eb6 § E:j]

1.018%e6 e

W HE

L 5 0ases _%’(Q}’:jj
B Csieomin Equivalent Stress |




Nonlinear — Ex. 13

RN

MBI REBABE 41  ERGHNE - ABAREEIORETE - R84 E#EUZ5mm(E
wmmlm) LB E MBI R AR ri,L\HEﬁ? M ABNBEEBFEEV EE  E2GEBAESEN
B SKOBRERENEEET

(1)7|<7Jfr47,%$i:a$ R ASEME . ZEEEE=110000Mpa - ZHatEv=0.3 -

QMBI AIKEE  RAEFEFEMR - FBEEEE=110000Mpa - E#Atbv=0.3 - Tangent Modulus
E;=1250MPa - f#{A52/2S =800MPa -

5mm

24



] | BREE :
—_— Lo MRIMERTE |
Nonlinear — Ex.13 | mwwu;ﬁz—z :

- BEE S8~

—— o o o o o )

—| I

RN

B RSB ABE G - BRECNE  BRGORZIARER - EELE MO TE5mm(
CEAMER)  EREHNAREREGIS SAENESYEIER  ARAWAELEL
B . RUBIREHROERER

(1)7|<7J>+<i7,%$i:/a\$ R AZEMR - FEEEE=110000Mpa - Eitbv=0.3 -

Linear material

Type: Directional Deformation(Z Axis)

Unit: mm

Global Coordinate Systern ¢

Time: 1 s

2024/2/15 T4 01:59 . ¥

2.2912 Max
1.791
1.2907
079047
029021 o P
-0.21004

-0.71029
-1.2105
-1.7108
-2.2111 Min

z‘:z‘ /E
P /%

Z-Directional
Deformation

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

Time:1s

202472/15 T4 01:58

45933 Max
40829

35726

30622

25518

20415

15311

10207

5103.7
1.0295e-8 Min

Equivalent Stress

25




_ BB F1E :

_— Lo MIRIMAEBERTE
Nonlinear — Ex. 13 'ﬁ@#%ﬁﬁ :
- BEEIBT S8R

—— o o o o o )

RN

MEFTEEABT AN BRIEENE  MEAREBHEETE - EHEEMEAIEsm(E
S EERE) - LEET R RGN RGN  RABNHRSVE YR  SuEEAEEEY
87 . REBREFENREEF -

QMBI AKEE  RAEFEFEME - FEEEE=110000Mpa - E#Atbv=0.3 - Tangent Modulus
E;=1250MPa - [#{A52/ES,=800MPa -

Step. 1 | Bilinear material

Type: Directional Deformation(Z Axis) F4

Unit: mm

Global Coordinate System

Time: 15 ¢
202472415 T 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

Z-Directional
Deformation

1684.9 Max
1497.7

13105

1123.3

936.08

748,87

561.65

37443

187.22
5.1361e-10 Min

FHET

Equivalent Stress

26
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—_— Lo MRIMBRE

Nonlinear — Ex.13 B %@gg :
° SE TN |

—— o o o o o )

RN

MEMREZENABE 4R EFREGNE - MIZAEREEIGREE EEE%B%’E?I‘E@EH@%&Smm(
ﬁﬂﬂﬁfirjlle) LEEEM R BN EIERMERN A NHEREVEE  BERGEEEEEN
Bl  KERBREEEHNEBER -

(2)1‘%42%%1(@% R AIEEEMR . BEIEEE=110000Mpa - E#AtEv=0.3 - Tangent Modulus
E;=1250MPa - [#{A52/ES,=800MPa -

Step. 2 | Bilinear material

Type: Directional Deformation(Z Axis) F4

Unit: mm

Global Coordinate System

Time: 2s ]

2024/2/15 T4 0145 .

o R4

3.2676 Max EEME T
2.5546
1.8415 I =
11285 =]
0.41551 H
1020751 Z-Directional
-1.0105 H
Pt Deformation
-2.4366
-3.1496 Min

Type: Equivalent (von-Mises) Stress

Unit: MPa

Time: 25

2024/2/15 T 01:43

78817 Max

700.58 yk =4 ,E jj

613.02

e e S

3503 .

262.72 Equivalent Stress
17515

87.574
8.4343e-13 Min

27




Nonlinear — Ex.13

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

Time:1s

202472/15 T4 01:58

45933 Max
40829

35726

30622

25518

20415

15311

10207

5103.7
1.0295e-8 Min

I#smmis S E45933MPa

Type: Directions| Deformstion(Z Axis)

FHLinearn

Time: 15

2024/2/15 T4 01:59

2.2912 Max
1.791
1.2907
0.75047
0.25021
-0.21004
-0.71029
-1.2105
-1.7108
-22111 Min

fI#H5mmbs &EmEfiI#%2.2912mm

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 fUB5mmis E3ES1270MPa

Ty‘pe: Equivalent (von-Mises) Stress
Unit: MPa
Time: 2s

2024/2/15 T4 01:43

788.17 Max
70059

613.02

52544

437.87

3503

262.72

17515

87.574
8.4343e-13 Min

Step.2 BIRfUB & FMEN788MPa(fZEENI)

Type: Directional Deformation(Z Axis)

gr:ﬁ:;?oordinate Systern m B I I I n ear ﬁ*ﬁ

Time:1s

202472715 T4 01:39

3.3791 Max
26423
1.9055
11687
043192
-0.30488
-1.0417
-1.7785
-2.5153
-3.2521 Min

Step.1 {UF5mmE & @ {i#83.38mm

Type: Directions| Deformastion(Z Axis)
Unit: mrm

Global Coordinate System

Time: 2 s

20247215 T4 01:45

3.2676 Max
25546
1.8415
1.1285
041551
-0.29751
-1.0105
-1.7235
-2.4366
-3.1496 Min

Step.2 BERUBE WEMUB3.27mm (EEEF) »




Contact Analysis

£
i elele [\ ¢
=2 ]\=
5 A E R
aiE 2 [\ N
=iE &z
1HEE 1223 7]
BKHR / {RES TR { ‘
C [ | #R
¢ F MmN THEZ
1EEEIRE (2B &)

L;J mEeZ
S 4 % AR R

29
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Contact Analysis

B ERTEEESTERYEZENEBE _EIMAIEE ZF (non-penetration)
&4

B NEZmY)ieEEAM - 5B RSafisSomEEERAEEE - F<M
EEEACTES - MIt—K - REERMERNER - EolZBmiEEESa
MSbiG NEBRAERYEG - EREMMETIREER - Bl 7 2o

B ANSYSEF HIEMEITER(contact elements)’RIZEHZERHE - REZBE
ERBTE —HEL - FTEENSEZERRERRG

F

N
l?7777777777777777|




Contact Analysis

ELEMENTS

1

NODAL S0LUTION
STEP=1

SUE =1

TIME=1

9T [ATE)
DI =.309798

SMN =-.330E+10
M =.Z96E+10

-_Z20E+10 -.191E+10 -_S1EE+09 _874E+09
- .EB0E+10 -.121E+10 . L7§E+03

SEZEED AR

NODAL SO0LUTION

STEP=1
SUE =1
TIME=1
97 [AVG)
DI =.2
SMN =-.399E-04
A =.537E-04

b x
-_299E-0& -_191E-04 _166E-05 _ZZ5E-04 .@23E-04
.Z35E-04 -.&74E-05 Z121E-0% . 2EFE-0% .527E-0%

AEEZIEED AR
(REUEB/ITR) b



Contact Analysis

B FANSYSEZD - B¥EH(Target surface)fEnEAT] U ZFE 1M E (Contact
surface) - EBHEMNEMHRAIAIFEZBIRH

m RN ZEETENERTRELRA

BiEHE(Target surface)

¥ M8 H (Contact surface)

EEEE R S
0l 1 B K (FE) It BV (BR)

HEMEERA(ER - L)

HEEZBV\R - )

Contact

Target

Contact

il fe R

RER Target

E AR Nhttps:/Aww.youtube.com/watch?v=kQgYAish5V4&list=PLF 1WR5I3KTKQ4IQkA56 C1m-FU40mB1mzz&index=3

-——— -————

; ; Contact

Target

32



EEHEERGRE

FEARZERH ZIFEZFEBRYG  ESHERTENEBTEMEANE S
2l (real constants)RE -

MmiEEREMNERHANME - 7BIAFKN ~ FTOLN * FKT *~ TAUMAX
- BERGEBAIRMRGEIPLEATE - HFRSMU -

ANSYSH ¥ HZEMBITTEANTE Z5TEERIBaugmented Lagrangian
method - PR ZEER E M E (contact stiffness) KNFIEF A ZE
(penetration tolerance)MEETE S - HEMAHHIEFEITREZE S E
o . ZEAENETF AE7 RIERFKNFFTOLNR EE & ZREEE -
FKNZEEMWMEFrR - ol EEMmYEEAR T RIEEIZm Y 2 iZmHE L -
A—i1EfsE = (contact spring) - EEEGEEN AR E - ik
EKNEZRSBFKNERUZEEE Z M E

T R

contact spring

(a) (b)

i

il




FKN #Ea{8

m —REEER . (QHEAXKEFEZE (bulk deformation) Z2i%#&
ARt - BIMNE L2 miieiEeE - iR EFKN=1 - BAIFHZES?
t ; (b)EMPIREZIZBBEREEEM(bending)dkin - BINE T BY
“HME FTEREFKN=0.01~0.1 - BAIFHZZESIEN -

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

m R ORE AP HEBEMATTERF IR ET AL
=3t ]

m AFTOLN# 47 73 24238 %8> ANSYSZH2 7 3
5 FTOLN& e BT ~ZFRh > IR #F7 o

m ANSYSH R i&5 B #4873 (Coulomb friction model) k #5378 2
BRG > 385

B AR R T D LA} PFTOLN)AR R T B R > &) 7
TAL g A EERE ) FTOLNR @ 20.1(¥ R 2 7
0.01-0.05)

\Y
>N

¥

penetration tolerance = (FTOLN)*h




Nonlinear & Contact — Ex.14

2DWEBIMNEIFAR - HAHMEEERMEEE MaZEE A EE LR £

BRRR—5MPaZ R 7] - R AR BE TR 9 -
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Introduction of ANSYS Workbench

m 5T EREERE

- A
§= soic s
2 & Engineering Data +

i 3 [ Geometry '
4 @ Model
5 @ Setup
6 Solution
7 |@ Results

4
F

NN | AT

F

> RESESHE ARASHERARAR - Z2RNNEHEEEER - KRGS R

HEF K —EE4E>From New part

> BEHASHEREASZBENE - EScontactXURET - RIKEETICENE - HEEA

‘IS E HEHIE L IEEEE 2807

E|.---‘_.. A: Static Structural

H-- 5= X¥Plane
------- » #H- Z{Plane

------- » #H= ¥ZPlane
- [ Extrudet

- 3= Planed
- [ Extrude2

------- v~ 0 Freezel
------- » u Boolean2

xl.-[31.-[51

-':::' Hide Body

&' Hide All Other Bodies
I9) SuppressBody _______
P4 Form New Part
Suppress Solid Bodies

—-. %@ 1 Part, 2 Bodies

5t |

I ., @ Solid |
| -y @ Solid |
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Introduction of ANSYS Workbench i

3 [ ceometry v
4 @ Model 'y
i 5 @ Setup 2 a
m }E#f#(Contact)&&7E T

> BisgaEENEI RRBpart Z5RE - hConnection P E#ERFTA Zcontact E1E
> ERTTRRE
v Bonded
- JERRIER - RBHEHBHMO B - SRBYEFRI(penetration) - ERBEE EE
v No Separation
- #{llBonded - {EEAMNRE(3D)ENE(2D) 21 - RBHE Dt - (EoEIEBE B LEMBmER B ED
v Frictionless
- IEREBEE - [RREEGEA0 - AFEEEE - LIRSRMFZREENRO0 - ZOS DB

v Rough

 #EfblFrictionless - AEEAE - B|ABEEE - Z@E 0 E
v Frictional

- BERGE - AHEHEE - ZOE SR

=| Project

- [ Model (D4)
v.ﬁ Geometry
(Bl Coordinate Systems ____
| = A8 Connections I
= Contacts :
: ‘;:l,‘ CnnEctF‘.eg?nn :
Lo gt oot Regon 2

e Mesh
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Contact — Ex.15

ATF RS

ERELEESHEHRESERERE  RYTWNEM/R - WAFINBCADENES 18 1 2 18 F2 15 (screw.igs)
EEA - HEA0I[E J200NEH R ERIESN(ERERIESERE —VMEE) L  UREEEB/IFRES
SMAIBERE RO NE) - EMRESYE - BE B (B KE%HE17000MPa ; 5EH#LE0.3) - FEB (B K%
2[200MPa ; SEMALE0.2) R 1BRE (A B =15 K% E1110000MPa ; SHH#AE50.33) - BN E 2 481E - 4
R~ E520.5mm ~ BBES0.8mm ~ FEE1.0mm ~ EEEARNAIBAEO.5mm - BiRIEFE B &
R F FEE (Maximum Principal strain) & 18 i2 & A5 %4 & 7 (von-Mises stress)E7 -

(1)EfeEE B/ E S R HE AL S (unbonded)Ak BE 2 58 E (1R Bt iE A2 [ 1B A\ S 8B)
Q) BEEEFES/RESRELS S (bonded) iR EE VR E (BB ESIEC B ER)
200N
g SEm
wEs 4 ,
a 7y
4
<
<
275% : 17mm
<
<
<
<

[

~ A\ EEERO
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BEAE
Contact — EX.15 - SN

Offset plane
1 * Move

(1) Unbonded " Contactsie

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

Time: 1

202374725 T 09:55 A

5450.3 Max
5 4844 7
42391
L1 36335
L 3028
L 24224
1 1816.8
— 1211.3
il 605.71
. 0.14336 Min

Screw

HFUEN

Equivalent Stress

Tyie: Maxirmum Principal Elastic Strain
Linit: mmimim
Tirne: 1

2023/4/25 B 1001

00063057 Max
Q.00 6054
0004305
00042047
00035043
002 =0
00021037
Q0014033
0.0007 0297
2.6203e-6 Min

Cortical Bone

AT REE

Maximum Principal Strain

40




BEAE
Contact — EX.15 - SN

Offset plane
1 * Move

I o ==
(2) Bonded L°_ContactsE
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1
202374725 T 1045 A
. 5449.9 Max
48445
J 4239
—— 36335
1 3028
— 24226
— 18171
1 1211.6
8 606.14
. 0.66532 Min

Screw

FIET]

Equivalent Stress

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

2023/4/25 B 1048

. 0.0097845 Max

0.0056954

— 0.0076123

— 0.0065261
0.00544

] 0.0043539

— 0.0032677
0.0021516

0.0010955

9.3299%¢-6 Min

Cortical Bone

BoA T e

Maximum Principal Strain
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Contact — Ex. 16

HERE T

5 0E AIMNEFCADER A2 18 2 M BE ¥ Zf[El#& (cage.igs) * B2IEAE 2 A =W WA BEFR) - Hf
JIEER MuBo.emmRESEIEEFE £ - WRHIER N EE S EHUE W FNEFBEEE)
E 0] EE(X/IZHDBEHERO) - MiliEEKE%HEI110000MPa ~ SEHALE0.3 - IR EEATE -
IR ~T0.5mm - 75 [E]# B2 B 4y 7 #8858 T (contact) s Frictional ~ EE#E {4 %10.3 - EREIEfE
EEEFEBIRIBER - k& AFUES(von-Mises stress) °

0.6mm

contact

only rotation



Contact — Ex.16 '+ Suppressfiz!
— ) Contactﬁﬁni
- EITEERERE

Equivalent Stress

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

Time: 1 s

2024/2/27 £ 12:30

5276.3 Max
2000

1750

1500

1250

1000

750

500

250

0.00019551 Min

Type: Equivalent fvan-Mises) Stress
Unit: MPa
Time: 15
202472727 EF12:27

52763 Max
2000

1750

1500

1250

1000

75001

500.01

25001
0.0115%4 Min

Equivalent Stress
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Nonlinear & Contact — EX.17 @cE : minAszmesnis)

FEAR M AR

WEA— KFAEFAFTTH - AmMMR R —RIEFEIIEAS - FIRAEEBEEME - EMREHRER
= HIB2(TESTDATA) - Bl Edh/LEfu e flEt &5 7RI -

AEBEERBEWOEHERIIBENASIEESEMRIEE - WERIRR MM RIERZ NETH

- IERiIGLI2DETEEERE - WEPLANE STRAINETRERERERAERN(E)/&/NEES
()89 6 ) () -
{r1¥%£0.85"
1.100
800 RE0D 200
% [2] Biaxial
/ SR 160 test.
s | /\\\ g 120 - <
RI50 ° EI R a ' [3] Shear test.
867 \\ 5 80 / =
\\\ RIS0E pees |
‘ \.{ / 40 7t [1] Uniaxial
_m3 i \\in —l test.

R ’

A7 33 | s A s T Roso

0 0.1 0.2 0.3

Engineering Strain (Dimensionless)

B : inch
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Nonlinear & Contact — Ex.17

Type: Maximum Principal Stress
Unit: psi

Time: 1

202372718 £ 05:12

135.59 Max

ERAERES

115.78

95.967

76.155
56,344
36,533
16.721 Loooooo
-3.09 T
-22.901 NEEEE
-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

Oooooo|
EnEEEE|

-98.327

-111.4 Min

Type: Shear Stress(<Y Plane)
Unit: psi

Global Coordinate System
Time: 1

202372718 £ 05:15

21 Max

14.577

8.1539

1.7309
-4.6922

-11.115

-17.538

-23.961

-30.384

Type: Maximum Principal Elastic Strain
Unit: ingin

Tirne: 1

2023/2/18 L4 05:18

016737 Max
014895
013033
011171
00923095
0074478
0055857
0037238
0018619

0 Min

Type: Minimum Principal Elastic Strain
Unit: in/fin

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(<Y Plane)
Unit: in/in

Global Coordinate System

Time: 1

2023/2/18 £ 05:20

BEHE
« #iRldatab& A

« Hyperelastic

B FE &4

1) Hig n;ﬂn\

0.10479 Max

0.072577

0.040369

0.0081613
-0.024047

-0.056255

-0.088463

-0.12067

-0.15288
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m At R E(E(Topology Optimization)—E4EBE(EEM - BT ERR
at#iE(Design Domain) - RIBATEMIRFFHEEHRRE - BHSSHETE

R 2 &EEE

2| £
1;5; ‘
# n »

BEIRE

I HERECESERTFZRFELLESE RREZEESIKAERE TR
MNEETE - KEZEEZEEMR 2 HIER

BOBRE-ENGBEERKT - ML EENZEiS - UEBEaAfA0E
MR EREEEZER
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Introduction of ANSYS Workbench

B Topology Optimization (Structural Optimization)

> RETEEE - Optimization Region

v Design Region
v Exclusive Region

T Prﬂject*
5 Model (A4, B4)

II}

..... 2 . Geometry Imports
----- v T Geometry
..... AT Materials
----- 3t Coordinate Systems
----- <0 Mesh
‘,ﬁ Static Structural {AS)
-------- 1 Analysis Settings
- L8 Fined Support
------- /8. Force
=% Solution (AG)
------- ” 5} Solution Information
- v 3 Equivalent Stress
JE Topology Optimization (B5)

Ty, ﬂ Analysis Settings _ _
|,.r,_ﬂ Optimization Regmn 1

: ....... o Objechve
; ------- v ], Response Constraint
=& Solution {(B6)
----- /i) Selution Information
e » A Topology Density

- B
1
2 @ Engineering Data v 4
3 G Geometry 4 P
4 @ Model N
ELE @& setup 7 AE
6 Solution F .
7 9 Results T 4
Details of "Optimization Region" «i i i i i w 010x
[=)j Design Region :
| Scoping Method Geometry Selection :
Geometry All Bodies !
=1 Exclusion Region -
I Define By Boundary Condition I
| Ecundary Condition | All Boundary Conditions |
=|Definition
Suppressed |N|:b
[=| Optimization Option

Optimization Type |Tn:tpn:h|n:|-gy Optimization - Density Based
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- §5 reviomom |
Introduction of ANSYS Workbench =
4 gmda Y j‘:

B Topology Optimization (Structural Optimization) h_j Q s :

> B1RERE! - Objective
> PREIEE - Response Constraint

ﬂ] Project™ Right click on the grid to add, modify and delete a row.
- @ Model (A4, B4)

_____ . Geometry Imports Enabled | Responze Type | Goal | Criterion | Formulation Environment MName | Weight | Multiple Sets | Start Step | End Step
_____ : © Geometry Complian ~ Minimize A Program Controlled  Static Structural M A Enabled 1 1
----- Lo Materials Mass
----- 3% Coordinate Systems Yolume
""" D Mesh Stress
E-----,; Static Structural {AS) Criterion
o H] Analysis Settings
. Y @ Fixed Support Details of "Response Constraint” * 1 OX
....... », @L Farce -|| Scope
E ..... » Solution (AG) Scoping Method Cptimization Regicn
- .,r‘ @ Salution Infarmation Cptimization Region Selection | Optimization Region
o 880 Equivalent Stress =I| Definition
EI""'«‘ Topology Optimization (B5) Type Response Constraint

) Analysts ettings -

a8 Optinization Region _ Define By e ———

¥ Objective : Percent to Retain Center OFf Gravity
5 _,.r,_LI_, Response Constraint : Suppressed Moment OF Inertia
..... '. SGTutIEII-rHE}---- Global Stress
..... /) Soluton Information Loca von-Mises irss
R », A Topology Density Reaction Force
Compliance
Critericn o




Introduction of ANSYS Workbench

B Structural Optimization (Topology Optimization)

> ER{E4EH8 - Topology Density (A2 E)

i Project*

Model (A4, B4)

----- v Geometry Imports

----- 8 Geometry

----- AT Materials

----- 3t Coordinate Systems
----- /Z0 Mesh

B[ Static Structural (A5)
- J] Analysis Settings
- B8 Fixed Support
------- 8. Force

B %) Solution (A6)

- v 3 Equivalent Stress

- M1 Analysis Settings

- B, Optimization Region
& Objective

- nE]} Response Constraint
=& Solution {(B6)

,‘E_ Solution Information

L\,m Topology Density :

b v 5} Solution Information

El'""..,.r‘_@ Topology Optimization (B5)

Details of "Topology Density"

@ structural Optimization

@ Engineering Data

ﬂ Model

ﬁ Setup

Solution

-
i
2
3 O Geometry
4
3
6
7

9 Results

S ICICICIIRS

[=]| Scope
Scoping Method Optimization Regicn
Optimization Regicn Optimization Regicn
[=1| Definition
Type Topology Density
By Iteration
lteraticn Last

Exclusicns Participation Yes
Calculate Time Histony Yes
Suppressed Mo

[=l| Results
[ minimum 1.e-003
[] Maximum 1.
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Structural Optimization — Ex.18

ERERMBERAR - B ERETHhERE(E(Topology Optimization) - &RIEE{EBIRAMIE
BRABEET - #40%581E - MiHERStructural steel - A1EE X FE N HEE(Tetrahedrons) -
BRI HBImm - FIRERIEELEREAME LRI AE(YA@ - @ TF10N) -

L 40

ST

0]3

Unit : mm

\

\/
|

VNV V
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Structural Optimization — Ex.18

Equivalent Stress

Type: Equivalent {won-Mises) Stress

nit: MFa
Time:1s
2023/2/25 £ O7:.02

. 30419 Max
34151
— 20882
- 2.5614
21346

. 17077

— 1.2809
0553407

I 042723
0.0003912 Min

Topology Density
Type: Topology Density
lteration Mumber: 20
2023/2/25 4 07:05

B Remove (0.0to 0.4)
[] Marginal (0.4 to 0.6)
[ keep (06te 1.0)

FUEN

Equivalent Stress

WREEER

Topology Density
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Design Validation — Ex.19

=HbrackettZEIMEIFAR - FREHEIZERAGRAIERETHESREI(E(Topology Optimization) -
REEEHERRAESZXKEET - BV50%E81E - MitHEAStructural steel - @BR~FTH/1Imm -
ERIEE - ARIEAME LEEUNE - R BDesign Validation i &ECEBBIETHES T
- AIEBRARANET RECERHEBENDITERER -

1) Y73[E - @ F100N

2) X7FMmE - [@H100N

Fixed
t=2mm

30

52



. . . | L _ . I
Design Validation — Ex.19 | - Design Validation |
: « SpaceClaimEM{Ei& |
Type: Equivalent {von-Mises) Stress Type: Equivalent fvon-Mises) Stress
Unit: WPa Unit: WPa
Tirme: 1 s Time: 1 s

2023/3/23 5 0749

2023/3/23 k5 0759

39.22 Max 24,012 Max
34.893 21.343
30.565 18.686
26.238 16.024
21.911 13.361
17.583 10.698
13.256 8.0355
8.9285 5.3728
4.6011 271
0.27373 Min 0.047378 Min

R EZIFWE(E F)

Equivalent Stress

Type: Topology Density
lteration Mumber: 23
2023/3/23 £ 0750

. Remowve (0.0to 0.4)
I:‘ Mlarginal (0.4 to 0.6)
. Keep (D6to 1.00

WEEEEB@@ )
Topology Density

R EEFEWE (B A)

Equivalent Stress

Type: Topology Density
lteration Mumber: 10

2023/3/23 £5F 07:59

. Remove (0.0te 0.4)
D Marginal (0.4 to 0.6)
[ keep (06t0 1.0)

MEBEREEE(OAR)
Topology Density
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esign Validation
paceClaimERE1&

Design Validation — Ex.17 E

- |

w0 o

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

Tirme: 1 s

2023/3/23 5 0749

Type: Equivalent (von-Mises) Stress
Unit: WPa
Tirme: 1 s

2023/3/23 k5 0759

99.22 Max 24012 Max

34.893 21.349

30,585 18,686

28.238 16.024

21.911 13.381

17.583 10,698

13.256 8.0355

80285 53728

4.6011 271

0.27373 Min 0.047378 Min

[RIGHEBLIZE R TI(1E M) [RIGHEBLZE I ([TA)
Equivalent Stress Equivalent Stress

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

Tirme: 1 s

2023/3/23 £ 0755

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

Tirne: 1 s

202373/23 £ 07:58

39616 Max 23.762 Max
35.214 21.122

30813 18452

26411 15.842

22.009 13.201

17.608 10561

13.206 7.0208

88015 5.2805

4403 2.8403
0.0014006 Min 1.9065e-6 Min

HERGEE(D NS MED HEREE(DA)SWED

Equivalent Stress Equivalent Stress o




