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MU Nonlinear structural analysis

k Geometric nonlinearities (large deformation)

Figure 8.2 A Fishing Rod Demonstrates Geometric Nonlinearity

u Material nonlinearities
k Changing status (contact)
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MU Geometric nonlinearities
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Geometric nonlinearities
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Geometric nonlinearities
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Geometric nonlinearities- example
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Material nonlinearities
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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
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Material nonlinearities- & # /¢ 4> #5
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Material nonlinearities- s # /¢ 4> #5
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BME

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 11



BME

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 12
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wmuo Nonlinear material property example: (Ex 11)
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ANSYS

experimental results [24]
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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 & 6, (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.
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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-## 7 4 #7 (Ex 13)
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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& A&
t=0.001m > L2 4§ < ##&E=210000 x 10%Pa » ¥ % f& 4 /& %
¥ #4-§]2 BISOW % > E;=30000 x 10°Pa » # 2+ v=0.3 » % &
% & S,=200 x 10%Pa -
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BME

wwo  AdV. solution example: (Ex 13)

e BRFEUNE  REaZEESZZSHAREE - 2EIR : 40
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BME

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




BME

wwo  AdV. solution example: (Ex 11)

» HAEDTOERE A Svon MisesENENERBIBIEREE

200MPa(0.2 x 10°Pa) - BNEsEZB4EH; - MEEFETIE
253MPa

7 57
- 291E+08 -B51E+08
EXAMPLE 8-1 Springback of Bending
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Adv. solution example: (Ex 13)

R E )

P\ Contour Nodal Solution Dats
i tic Diata
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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
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ANSYS 2 BiF ~ F L2 &

B YR ERALAFANFNLIED TR ) e r T3 7T
(non-penetration) | ¥ o 12T Fl2 3 AR L 0 0 F LA R
SArS,d e XS RIS | TLARAFAT RS 0 o
- ko REFAFME A A TV EES B S,{rS, 44 &
@3 EAF M 0 & WEUFES REFRY 0 TR TRAL

m ANSYSE_§|* 3§ ~ % (contact elements) X i e > © &
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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

FHEZL R4 1T *

ER2ELATRESE
(Rz2E~%)




Contact element type

m ANSYS# &7 = X &~ % » U ™ 3 ¥ % (node-to-node)&
I~ % -~ B¥ & (node-to-surface)& /@~ % -~ & ¥ & (surface-
to-surface)#&f§ ~ %

e HeEFRED
PIHe A




Contact element type

m Surface to surface
P e RA~AFART PRSI F HOREAG o 4 4 R
P MR RAFZRALSIT FA LS AN
o ¥ $ A5 (rigid-to-flexible) (R-F)
* 358 5 %358 (flexible-to-flexible) (F-F)
maERRAFLR AL E TR H(contact pair); - BEH
¢ #& B f&& (target surface)#r & ¥ & (contact surface) > p &% &_d
B %~ % (target elements)#rH = » &g & P d &ff ~ % (contact
elements)#r = o
m P~ %7 TARGEL69: 2 TARGEL70 » #%§ ~% 3 CONTAL71 ~
CONTA172 ~ CONTA173 ~ CONTAL174% » ¢ A5k 4R
B HYRFEAFE PIF~FQEZ2 AR a R~ ZPHEWR
AR o FRF-FRA N 3 RUMOT HFPRAR SRS -

~— A k k
i ] 1S 1

i i @za~% (b)fr(c)z= a~%
(a) (b) ()
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F Ve Bz

MR TRAEE  Ed PRAFIRAS R TE TR
&(real constants) RA-F_o

S¥RTPF ¥HF 2 B > 4% 5FKN - FTOLN ~» FKT ~ TAUMAX
’ &?ﬁﬁﬂ'l*“ﬁfi "‘#t" B ERFgEIMU-
ANSYS& ¥ & :}a—ﬁﬂ’b‘% R %2 3+ F % P % augmented Lagrangian
method » #7141« JE 3K 2 4&ff k| R (contact stiffness) KN'fv“ I &

(penetration tolerance)® i+ & ¥ &k > L Ao Ho BT~ 227 ¥ &
» B fAR| R e T 2L A Y * FKNfrFTOLNS & R ‘#&i,& € _o

FKN’ REAH T 0 FRGIPFHF L F B
#«eﬁgaﬁ% (contact spring) » H38¥ 28T 3 BfIRIR > @ ZFIR)
)?.KN%% » FKNfk g2 WA

T IR

N

contact spring

(a) (b)




FKN .&=5% 2

m - RESRES (a8 T W #35(bulk deformation)2 #:7§
AR GlAr@ 25 AR AKX ETFKN=1 L RFEER &2
15 (b)E 5 2 B HE357 $¢ (bending)kim » Sl4cW T &0
B0 7Y 0 L TFKN=0.01~0.1> L RFEEH & o

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




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

F 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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® Animation
1 Utility Menu>PlotCtrls>Animate

Animate Nodal Solution Data

Animation data

No. of frames to create ,@ﬂ %.:XEE[ EEI 7%&% \Z\‘H% @ }% é[_‘l__i
Time delay {seconds) FJJ—_ g L% IEIEﬁ sz% ij[‘ FIEﬁ

[PLNSOL] Contour Nodal Solution Data
Item,Comp Item to be contoured DOF solution PRI i -direction SX

Strain-total
Energy

Strain ener dens
Strain-elastic
gtram-t]’iermal
Strain-plastic
S e T-diection SX

e’

Cancel Help

i Utility Menu>PlotCtrlIs>Animate>Save

1 DemO Save&nimntion

Save Animation to
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