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Mo Introduction of ANSYS-3D modeling

w Utility Menu

ANSYS Multiphysics Utility Menu

File Select List Plot PloiCtls WorkPlane Parameters Macro MenuCtls

Display Working Plane
Show WP Status
WP Settings ...

Offset WP by Increments ...
Offset WP to
Align WP with

Change Active CS to
Change Display CS to
Local Coordinate Systems

ANSYS Multiphysics Utility Menu

File Select List Plot PlotCtlds WorkPlane Parameters Macro MenuChls

Entities ...
Component Manager ...

Comp/Assembly »

Everything
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wMuIntroduction of ANSYS

w Utility Menu>WorkPlane
31 Offset by increments

WP Settings

{* Cartesian

L
3
I
:
St

" Polar

" Grid and Triad

" Grid Only

SN
s
-
ox
W
2"

* Triad Only

[v Enable Snap

Snhap Incr 005 < If’ES'ZE@*%%”E}]%

Spacing I - I‘lezﬁﬁlgl*%jtlj\
S TEEEEE

M aximum

Tolerance [0




3D — modeling: (Ex 5)
m Construct 3D solid model

suppart hale
1" diameter

(typical)

Bracket

Groove

4\

Base Beating housing

Solid Model
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wMuIntroduction of ANSYS

w  Preprocessor>Create>Volumes>Block>By Dimension

Create Block by Dimensions
[BLOCK] Create Block by Dimensions

H1,X2 ¥-coordinates

¥1,Y2 Y-coordinates

Z1,22 Z-coordinates

Create Block by Dimensions 7|
[BLOCK] Create Elock by Dimensions

¥1,X2 H-coordinates

¥1,¥Y2 Y-coordinates

Z1,Z22 Z-coordinates

OK

[BLOCK] Create Block by Dimensions

{2 X-coordinates




BME

o Introduction of ANSYS

w Utility Menu> WorkPlane>Display WorkPlane
w Utility Menu> WorkPlane>WP Settings
w Utility Menu> WorkPlane Offset WP by Increments

WE Settings

{* (Cartesian

0 ANSYS Graphics YELOT type=] mat=1 real=1 o

" Polar

1

" Grid and Triad
o' Grid Only
C" Triad Only
v Enable Snap

Shaplncr 0.5

WAL e R R
XY YZ., 2R .“.YIQ|C¢

Spacing {01

— GlobalX= 0
Minimum {-1 >
\|/= I_I

M aximum 1 Z= 0

| Dynamic Mode

Apply |

Reset \ Cancel |

Help




WwMU-Introduction of ANSYS

u Preprocessor>Create>Volumes>Solid Cylinder
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Introduction of ANSYS

u Preprocessor>Create>Lines>Line Fillet
ik Preprocessor>Create>Areas>Arbityary>By Lines

[ Line Fillet X

[LFILLT] Create Fillet Line

NL1,NL2

RAD
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Introduction of ANSYS

u Preprocessor>Operate>Extrude>Areas>Along Lines

o0 ANSYS Graphics VPLOT type=l

10
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Introduction of ANSYS

ik Preprocessor>Operate>Subtract>Volumes

o ANSYS Graphics vplot

11



BME
NYMU

3D-modeling: (Ex 6)

Construct the solid model

12
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3D-modeling

. (Ex 6)

13
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"™ 3D-modeling: (Ex 6)

gy ?:4' o 7 5 i
v, % 77
A . '1'...: e
e
gEerr e s Trae: %{ P i,
n.%é%%
{77

Sweep Line
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3D-modeling: (Ex 6)

® Main menu>Preprocessor>Modeling>Operate>Extrude>
Along Lines (270 °)

St a ey

L,

Filr .."
LT Zi
I,

15
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Introduction of ANSYS

u Pre-processing
3 Element type

+ Real Constants
— Parameters definition for element
1 Material Props
31 Modeling
1 Meshing
+ Direct generation
+ Solid modeling

8 Other techniques
+ Merge....

16
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Introduction of ANSYS

NYMU

® Mesh approach

3 Direct generation

a1 2D

2

1

a1 3D

+ special efforts and time

+ ill-conditioned elements

17



Introduction of ANSYS

m Mesh Approach

F Solid modeling
+ Free mesh
+ Mapping mesh
o IRBNRE . BRIEHETE ’\
Solid Model

FiFE IR

Free Mesh Mapping Mesh
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Introduction of ANSYS

Mapping mesh
1 miatlEl
2D(3 or 4 sides)
3D(4 or 6 sides)

19



BME
NYMU

Introduction of ANSYS

u Ex:Free mesh for Corner Bracket (Element size=0.5)
1 Free mesh> Global size

Tutorial Handout

20
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Introduction of ANSYS

E EX:
1 Free mesh>Smart Size (level 5)

21
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Introduction of ANSYS

w EXx:
i1 Free & Mapping Mesh (Smart Size)

FH VUSSR AH

Mapping mesh (V]5k/\E2)

22
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WMo 3D solid element

w Pre-processing
i Element type
3D solid element (solid 187, solid 185...)
1 Solid 187

3-D 10-Node F SN EAZHE ¢ 10

soLipigy | 'etrahedral VAR T R ENESEERE -

Solid

Structural [ - e UX,UY,uZ

(uv.w)

I Demo input and output data

23




Solid 185/186/187

SOLID185

3-D Structural
Solid

(Prism Option)
M, MO P

I

Element Coordinate
System (shown for

( TE‘.rahTIE:draI Option-not

Surface cocrdinate system )
Y recommended)

EELEN ¢ 8

EiFERE
UX,UY,UZ
(u,v,w)

SOLID187

3-D 10-Node
Tetrahedral
Structural
Solid

ENZAEN - 10

EnFAERE
UX,UY,UZ
(u,v,w)

SOLID186

3-D 20-Node
Structural
Solid

-‘Te1rdhedrdl Option]
N O R UV WX

LPyr:amld 0|:u1||:un

¥ O R W

¥ NiA B

I K. L&
Q =

J
Prism Option

ENEAEY - 20

EnsaBEHE
UX,UY,uZ
(u,v,w)




Size Level =6
(default)

Size Level =10 Size Level = 2
{coarser) {finer)




Mesh example: (Ex 7)

E Main Menu>Preprocessor>Operate>Extrude

F Plane Mesh
+ Smart Size (4)

Plane 182 Solid 185
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Mesh example: (Ex 8) (HfT4#5)

w To generate the mapping and free meshs

27



Mesh example: (Ex 8)

(3.75,2.5)

(3.75,1.875)
(3.75,1.25)

(3.75,0.5)

P
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oo Mesh example: (Ex 8)
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Introduction of ANSYS

1oTRAVEEN - Mo EZRERHXRNERNBEARE -

2TENERT R - Sl _#M=#ANTTEZA ] SHEH -

3._AEMEETEIREARBER -

4 T 2T = RERISERKRIAR - Bl A RERE -

S5.&ENERHEESTBITEL

6. EZTRHENEPEMAE - UESFENSE - xZERIZH/NE

DHERY -

1.RBNDEINZEERZ IR 72 MmEE -

31
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el 3D solid element example: (Ex 9)(SOLID187)

m The bracket shown in
figure is subjected to a , -
distributed load of 50 3
Ib/in2 on the top e el
surface. It is fixed
around the hole
surface. The bracket is
made of steel, with a
modulus elasticity of
29*10° Ib/in? and v=0.3
. Plot the deformed
shape. Also, plot the
von Mises stress
distribution in the
bracket.

thickness : 0.125in




Introduction of ANSYS

WeREEBE U RED/UB/E
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TR
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Introduction of ANSYS

w 3D Intact Tooth Models

34
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Mo Convergence example (Ex 10)

w BIRITESN

MEA—Em Tl - MEAFEIETARI5mm - a=170mm -
b=110mm - ¢c=120mm - R;=R,=10mm - R;=R,=20mm -
L=100mm - d=110mm - e=50mm - IRAZEEt=10mm - i}
H2E1p=0.1MPa - [EEIEfAEEHRR - EMiN ZH KR
E=210GPa - E£#2tbkv=0.3 - G KERBZENFHEER - pITE
A mm-N- MPa-

A BIal{EFSOLID185 - SOLID186 « SOLID187& & #S it = 2R 15 5
- B7ciRFASOLID186RYE FE208 BT &

35






o

| b R,

F )
L )

m MEAEEYAEISmm - a=170mm - b=110mm : ¢=120mm -
R;=R,=10mm - R;=R;=20mm - L=100mm - d=110mm -
e=50mm - I[RBAZFEEt=10mm -
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ELEMENTSA

Solid186

38
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BSRRME

AREEASD
TYPE NUM

- w=0

(UZ=0)

u=v=w=0

39
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von Mises EXfENoeqgv (SEQV)(MPa)

HNODATL 3OLUTION

STEP=1
SUB =1
TIME=1

g0.094

40
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{U#v(UY)(mm)

NODAL J3OLUTION

STEP=1
SUBR =1
TIME=1

41
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REEERZEUET] (SFEER TR

IOV N

Main Menu>General Postproc>Query results>Subgrid Solu>Pick

Al IE b RE AT B2, R IE R E 1T E FMesh

B

NODAT, SOLUTICON

STEP=1
SUE =1

42



SVE AR 2 ERTEER(EAREEEE)

NYMU

ELEMENTS ELEMENTS

ELEMENTS
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LUTTICON
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w BHEARERZDHT - LUREBEARLINE B & Kvon
MisesEMENABI - Case2fCase3lVENEE(EA
0.12% M Case3ZEEIBR1E Zt&E K/ 2Case2d
58% - FRloJ i Case2ZE X R A2 ZEUTE! - Case2 Y
BIRTEZERFTEERE 5 ERR -

= &8 75 3] K /) (mm) SRS EARE
ANSYS (BEEZE) = W & 7] 600y (MP2) B B ¥

Case| logfile |FEISL BE | BHE|EBEHE| EE3L e 91 v (mm)

[ BB 2 &P
1 |ex5-8a.log| 5 5 90.1 \ 89.926 [/—2.053
1.67| | 1. . 9871 | 79.646 [100.214 | 99.160 | —2.056
25

. 1.15
3 |ex5-8c.log| 1 0.68 | 20749 | 80.006 |100.333 ] 99.279 |\ -2.056

N "

45
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= M 1816 7 =0 L B B B 4 18 (free mesh) - H{EH

SOLID187|—JI3 108 =A#TE - FANSYSHITE
NAERTEEENE  MASEROFE - B 0 ARA(

EfR,)RAZMENC,,,=101.478MPa - BHHIE

AyHEIEBv=-2. 054mm

ELEMENTS

46
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SOLID187 F1E43%(a)

NODAL SOLUTION

STEP=1
SUBR =1




BME

N\YMU - SOLID187 51&E4F D)

NODAL SOLUTION

STEP=1
suUB =1
TIME=1

Uy

-2.054
-1.815

48
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» NSORT,S,EQV,0,0,,0

u PRNSOL,S,PRIN

e SIHBIFRYEE (ST ~ S2 ~ S3)Edvon MisesfEE
(SEQV) :

NODE S1 52 53 SINT SEQV
3199 -1.07/52 -34.184 -113.69 112.62 100.25

3175 -0.40420 -33.317 -112.26 111.85 99.563

3234 -0.59514 -33.677 -112.41 111.81 99.484
3171 -0.60976 -33.630 -112.11 111.50 99.204

e L E&AKRvon Misesf&71{E(SEQV)&A100.25MPa - £
Case2 B EX I HE KIE H101.478MPafli & [a B
Case2iRFif -

49
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A AERASOLID18S R t4enst — Atk TR (BRIETTR

BB - EANSYSHITEMERMTE - 5 - A

= (BlARL)GEKEMEIoceqv=87.042MPa - BEA
& ARyAE{I#v=.1.048mm - BlCase2#ERLEE -
SOLID45 AHTTENENERZEZA13.14% - MU
EE%E\UEEM% - A FFRZENRIEA : SOLID1854R 144
EnEn—=—fAfkcE - HxZE[IHES - ANSYSFMHAE
mEFH%TmFHSOLID%ﬁ?i$4§ﬁ¥|5 A TE(RIETT
Z)RMBABAPEE  AAEHBREBAK -

50
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SOLID185 = A# 25

NODA SOLUTTION

ATEP=1
a3UB =1
ME=1

—FZ-2E)

51
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NYMU- - SOLID185 =B i EAAR(Db)

NoODAL SAOLUTION

BTEP=1
IUE =1
TIME=1

o
=
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Nonlinear structural analysis

k Geometric nonlinearities (large deformation)

Figure 8.2 A Fishing Rod Demonstrates Geometric Nonlinearity

k Material nonlinearities
k Changing status (contact)

53



Material nonlinearities

B R AFERNE(D)Y S RERS, > IR HRREY R
Mo % TR e, o el L A R SR
A R2F R o RBREANY 0 F L FERSES & § 7 M
A BALES ML WAL W 4 (elasto-plastic) & 5

m T &34 ANSYSHL b a2 HoEE#

o) o)
A A

(2) (b)



Material nonlinearities

hardening plasticity

7 | B | BEER (SRS 2 T EHEE
i’ B AR o
Ta | BT {% (Rate dependency) (Material laws)
el BT H [ (Rate-independent) Linear elastic Hooke's law
Moaoney-Rivlin
Hyperelastic Arruda-Boyce
- it (Rate-independent) P /
EE Blatz-Ko
Multilinear elastic Multilinear elastic
FE[EE (Rate-dependent) Viscoelasticity Viscoelasticity
Bilinear isotropic
. . o Multilinear isofropic
Isotropic hardening plasficity - : . .
Voce's nonlinear isotropic
Anisotropic
Bilinear kinematic
JEigE H [ (Rate-independent) Kinematic hardening plasticity Multilinear kinematic
Chaboche
. _ _ _ _ _ Chaboche and bilinear isotropic
FEEE Combined kinematic and isotropic

Chaboche and multilinear isotropic

Chaboche and Voce's

Pressure-dependent plasticity

Druger-Frager

FE[i (Rate-dependent)

Viscoplasticity

Creep

Anand

Combined creep and isotropic
hardening plasticity

Creep and bilinear isotropic

Creep and multilinear isotropic

Creep and Voce's




Material nonlinearities- & # /¢ 4* #7

m ¥4 F(plasticity)® /2 3 ¥t % > B uf {44 it R [ﬁ])%vl
>S, |#74 2 ¥ 14 %35(plastic deformation) » w{%*"ﬁ#
S 5 e fhod MV FABHRSERETEPITER
A0 BRI EY H(elastoplastlc)/»\ﬁ °

B ER RS HARERE AL AP BPH L (strain
hardening) o

mEHAEIEEE(RASS) §BLRTT XA
W¥ 2e 3 f’}‘f 418 t“rf“?f ¥ MR % (plastic strain) » ®
hiF % ]%—,s:*r £ 7 AT &4 (residual stress) iz a3t HLp 28 o

o)




Material nonlinearities- & # /¢ 4> #5

mERALINY ARG AE X e A L (isotropic
hardening)£ & ]“*ﬁi f’* (kinematic hardening) » v #+# d %
Wk£7 o Bapdad it FAULBERHP LI wOR 2L > 2
BAFrNE Il FRE - EHA VI ERXRHPL - 3w
Ait o HFE 3R €31 ALY KT 4ot B2 R AE -

G,

FileRE | b ik
\\/ —2 ///—\/
/ J / /
,.-/ / / — 1/7 —
</'/ /// / Gl / L/// Gl
kx_# // (xﬁ —
(K
U NE] B

(a) (b)



Material nonlinearities- s # /¢ 4> #5

B AAROARERITE Y RAFLHE - UT AR BEEY R
Bt L (1) — = > ¥ [ (elastic perfectly-plastic) 5 (2)gFs 1+
(bi-linear) ; (3) % & & (multi-linear) ; (4)¥2d &> Lt wfdd
30 4o W) 97T
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oo Introduction of ANSYS-solution

u Load Steps,

1 In alinear 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.

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

Load A (#rLoad step

Time 59
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oo Introduction of ANSYS-solution

u Substeps

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

In a nonlinear static or steady-state analysis, use substeps

to apply the loads gradually so that an accurate solution
can be obtained.

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

Load i {*] Substep
2 Load step

=1 I —
load

value Equilibriurn

iterations

-
Substeps 60
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wmuo Nonlinear material property example: (Ex 11)

B £60mmEG6MME 10mm » E=200GPa » Possion”’s
ratio=0.3 » f FFIER HHL 5 ;¥ (43 (perfectly
elastic-plastic material) » &+ B% M 2 ® 4™ F >
% PR35 B =100MPa > slop e2=0. FL N F LR > §
FAGRA G 5

61



Q=1 MPa
(LT

i fiv,

L =60 mm

Figure 3-11 MBS

BKIN Table For Material




Ex12: 2 F]7L &4 #7

m AR - BRI 0 MANSYS R &7 R o A B4R
B AET p ‘i’f’é » 2o PRI TR 2ZEEE RS 47 o 4o
2 4% o £ B 5900x450mm > B2mm » ¥ & - E £225mmaz2
F3t > £ & ¢ 4 P=147000N o 54 HLIET 5 4 < ik
E=71200MPa » ¥ 1t v=0.31 > *} f»’iéﬁ;&,SyZZGOMPa BB
R MR Z - FRY M EMISOL 5 2 ME P 2 5~ ANSYS
i de@PrT o RS FH > mm -~ N>~ MPa

IP

o

lr

SSSSSS




ANSYS

experimental results [24]

¢

0.0200

0.0050 |~

0.0000

f120
point b

80

Position (mm)

40

point a

O -—



von Mises ¥ 2¢2 4 (SEQV) 4 #(MPa)

1

NODAL 3JOLUTION

STEP=1

SUB =12
TIME=1

HEQWV [AVE)
DMX =1.762

SMN =39, 972
gME =393.944

exd-4.

39,372 115,632 197,223 273,253 354,614
79.302 157. 962 236,623 315.283

Elastoplastic analysis of a plate with a hole.

393,944




y # .4 & 5, (EPTOY) 4 #

NODATL BOLUTION AN

STEP=1

SUB =12
TIME=1

EPTOY (AVE)
REYS=0

DMX =1.762
SMN =.Z202E-03
SMX =.020806

I _ I—
LZ0ZE-03 .oo4721 LO0%236 .013938 .018517
LO0z492 .Laoraw 0114642 016228 LO0Z080g

ex8-4. Elastoplastic analysis of a plate with a hole.




y =@ PR s, (EPPLY) & #

STEP=1

SUE =12
TIME=1

EEELY {AVE)
Rava=0

DM =1.762

SMX =.01525

O I
0 003389 006778 010167 .013555
0016594 005083 008472 011861

exB-4. Elastoplastic analysis of a plate with a hole.

NODATL 3OLUTION AN

LO1525




Material nonlinearities

hardening plasticity

7 | B | BEER (SRS 2 T EHEE
i’ B AR o
Ta | BT {% (Rate dependency) (Material laws)
el BT H [ (Rate-independent) Linear elastic Hooke's law
Moaoney-Rivlin
Hyperelastic Arruda-Boyce
- it (Rate-independent) P /
EE Blatz-Ko
Multilinear elastic Multilinear elastic
FE[EE (Rate-dependent) Viscoelasticity Viscoelasticity
Bilinear isotropic
. . o Multilinear isofropic
Isotropic hardening plasficity - : . .
Voce's nonlinear isotropic
Anisotropic
Bilinear kinematic
JEigE H [ (Rate-independent) Kinematic hardening plasticity Multilinear kinematic
Chaboche
. _ _ _ _ _ Chaboche and bilinear isotropic
FEEE Combined kinematic and isotropic

Chaboche and multilinear isotropic

Chaboche and Voce's

Pressure-dependent plasticity

Druger-Frager

FE[i (Rate-dependent)

Viscoplasticity

Creep

Anand

Combined creep and isotropic
hardening plasticity

Creep and bilinear isotropic

Creep and multilinear isotropic

Creep and Voce's




Material nonlinearities-s## 7 4 #7 (Ex 13)
o

/

(b)

DDDDDDDD

........

........

11111111

22222222

........




BME

wwo  AdV. solution example: (Ex 13)

B A GIALP oW AR AR E S eni i 0 3+ 31=0.02m >
h=0.015m » a=0.02m » b=0.01m » [ # R=0.001m - A& &
t=0.001m » 4112 #§ < #-#E=210000 x 10%Pa » # 3 &+ &%
¢ #4cFl2 BISOW 3 » E;=30000 x 10°Pa » # 421+ v=0.3 » % &
% & S,=200 x 10°Pa -

70
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wwo  AdV. solution example: (Ex 13)

o BFRECNE - EEa2 KEHH 2 BMRET - H17EE : |
ST 2y SN, =-0.002mES - REBEB BT
RUBIRE T EOEEEN - HHEM : m - N Pa -

71
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wwo  AdV. solution example: (Ex 13)

k Results
k¥ MainMenu—GeneralPostproc—ResultsSummary

*** INDEX OF DATA SETS ON RESULTS FILE *****

TIME/FREQ LOAD STEP ~ SUBSTEP  CUMULATIVE
0.33333E-01 1
0.66667E-01 1
0.11667 1
0.19167 1
0.29167 1
0.39167 1
0.49167 1
0.59167 1
0.69167 1
0.79167 1
0.89167 1
0.94583 1
1.0000 1

W
c_ooowmc_n.lhc_pl\:—xﬂ

2
3
4
5
6
7
8
10
12
14
16
17
18
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wwo  AdV. solution example: (Ex 13)

» HAEDTOERE A Svon MisesENENERBIBIEREE

200MPa(0.2 x 10°Pa) - BIZEEMER - MesSFWENR
253MPa

7 57
- 291E+08 -B51E+08
EXAMPLE 8-1 Springback of Bending




BME
NYMU

Adv. solution example: (Ex 13)

R (EEE )

P\ Contour Nodal Solution Dats
i tic Diata

[tem fo be contouwed.

n EFTO ¥

LUTION

74



F.e:a.n:l Eesnlts by Load Step Mumber
ET] BUBRET] [AFPENID]
Eead results for

Entire model

LETEF Load step number

sERTEF Bubstep nmmber

FACT eale factor

OE | Cancel

HODAL SOLUTION

STEP=1

SUB =4

TIME=. 191667
SEQV (AVE)
DMX =.443E-03
SMN =262020
SMY =.973E+05

262020 . Z218E+03 A34E+08 . B50E+05 . S66E+0S
. 110E+08 . 3Z6E+08 . S4ZE+0S . T58E+08 L 9T3E+0S

EXAMPLE 8-1 3pringback of Bending




Contact Problem

#
o lEF ¢
I < ' - I‘t\ R ij_/*"%z’z//
e T 5 R
3 A % 5
BRI ¥/ fREEER {‘
— ) 5
FE ETE

F
¢ Wil WAe2 BAR

O O E%A))

- A A2 R

P e a



ANSYS 2 #/F ~ #F &2 8.4

B YR ERALAFANFNLIED TR ) e r T2F T
(non-penetration) | ¥ o 12T Fl2 3 AR L 0 0 F LA R
SArS,s B6 XK E RIS | TLASRAFAT RS 0 o
- %o REFAFMEA R TV EES B S, S, R4 &
CEE-SEE RRRCE ST PR L AR R Y P

m ANSYSE_ §|* 3§ ~ % (contact elements) X i e > © &
B RBORPLE - AL > ANSYSHPE F'ﬁ’é% s BAE=3L

i 12

F
F
S, )
\ Sa
S
/7777777777 /777777 I/ /777777777777,

(a) (b)



1
ELEMENTS

NODAL SOLUTION
STEP=1
GUE =1
TIME=1
a7 [AVG)

DI =, 3097358
SMN =-.330E+10
SM =, Z96E+10

- .220E+10
-_2E0E+10

-.121E+10

-.516E+09
-_121E+10 _179E+09

- E74E+09 LZZEE+L0

_157E+10

_29EE+10

NODAL SO0LUTION

STEP=1
SUB =1
TIME=1
SY [AVE)
DI =.2
SMH =-.399E-04
SILY =. 537E-04

[ — ]
-.299E-02 -.191E-02 . 1EEL-05
-.295E-04 - _&74E-05

L2ZEE-04

. 423E-04

_1z1E-04 _229E-04

_537E-04

AIBZ RF4L 2%

PER2 BTSSR
(A& ~F)




Contact element type

m ANSYS#E &7 = X &~ % » T ™ 5 ¥ % (nhode-to-node)&
fE~% -~ ¥ & (node-to-surface)&f ~% ~ & ¥ & (surface-
to-surface)#ff ~ %

e HeEFRED
PIHe A




Contact element type

m Surface to surface
P e RA~AFART PRSI F HOREAG o 4 4 RB
P I MR RAAR BN T A LA A
o ¥ $ A5 (rigid-to-flexible) (R-F)
* 3585 %358 (flexible-to-flexible) (F-F)
B e HeRAAELIE AL TR H(contact pair); 0 - BERAH
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Ex 14:3D Pin-hole contact problem
Chapter 8. Contact Tutorial

m Problem Description

E This is a 3-D analysis of a steel pin contacting a smooth
pinhole in a block. Because of the inherent symmetry of the
model, you will perform the analysis on a quarter symmetry
model. 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
units, length = 2.5 units. BLOCK width =4 units, length =4
units, depth = 1 unit. PINHOLE radius = 0.49 units, depth =1
unit. Both solids are made of structural steel (stiffness = 36e6,
Poisson's ratio = 0.3) and are assumed to be flexible.

m Approach and Assumptions

E A quarter symmetry model is appropriate to simulate the contact
phenomena. 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 1.7 units out of
the block using DOF displacement conditions on coupled nodes.
Explicitly invoke Automatic Time Stepping to guarantee solution
convergence. Read results for every 10th substep during solution.
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