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by cooperation of Industrial users, Software vendors
and Academic researchers
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s [B{RBAEDTET : Yield surface/Yield function
+» AN TIXE Y, fiEm EtcBMLLI2BMEZRE.
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o BREUOITAHELDOARIIFKREBE DI REEEARZFRK.

N

oe(0;j) =0 Ae® = Ap 00,

Yield locus (surface) OO0
J

AgP

Elastic region

Direction of
plastic strain inc.

Principal stress o,

Principal stress o
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p
T4 LS-DYNA(v972)
= TYPE 3,12,24 : vonMises
= TYPE 33,36 : Barlat(1991), Barlat(1996)
= TYPE 36 : Barlat(1989)
= TYPE 37,39,103,122 : Hill(1948)
= TYPE 133 : Barlat(2000) ..... LD BERNFEL THRMAL
# MSC.Marc(2008) 1245 {ELT-LS-DYNATZLD
= VON MISES : von Mises EAMERARBEELSHEAAEN
= HILL : Hill(1948) TLAA, BEEREZTHiIbELZY
= BARLAT : Barlat(1991) I T BT E S 4 RRKEE
® Abaqus(6.8), Adina, Ansys(11) HDAHH, FFARIRELIREE
= von Mises
= Hill(1948)

® 1I—HEEMHEETIL

s AEI—FTEMBETILOA—TYIT)IL—FoxigiHt
® MATHOFEELEEFICRER
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& EMAER. (FHEL)
= user subroutinelZ& >t TVoigt&R i CTRH.
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Additive Decomposition {As}={Ac"}+{Ac"}

Hooke’s law {Ac}=[D°]{As"}

0 0
— Normality rule {AcP}=Ap e —Ap—¢
5{0‘} M Backward Euler

Yield Criterion Oe (O-n+1) — Oy (pn+1) = O¢ (O-n+1) — Oy (pn + Ap) =0

Backward Euler

vV V

Elastic predictor - Plastic Corrector

{Ac}=[D°H{Ac}—{AeP}} = [D° KA} - [DJap—Z¢
Honiat

{on}={on}+{Ac}={0,} +[D°I{Ac} - [D°]Ap 00
Hon1t

Trial stress {O' Try}
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“# Plandtl-ReuB (Analytical form)
= L.Plandtl (1924)
= E.Reuss (1930)

N

# Forward Euler (Tangential Predictor/r-min method)
= P.V.Marcal, I.P.King (1967)
« |UFAFEME(1967)
= Y.Yamada, N.Yoshimura, T.Sakurai (1968)

# Mean Normal Method
= J.C.Nagtegaal, J.E.De Joung (1980,1981)
= [.Pillinger, P.Hartley, C.E.N.Sturgess, G.W.Rowe (1986)

# Backward Euler (Elastic predictor-Return Mapping)
= R.D.Krieg, D.B.Krieg (1977)
= J.C.Nagtegaal (1982)

s J.C.Simo, M.Ortiz (1985) : (Consistent Tangent)

# Mutistage Return Mapping
+ M.Ortiz, J.C.Simo (1989)
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Forward/Backward Euler
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AP(i,1) = APy + AP o, &EEDWS
{oi:n}={o;}+{oc}
Check residuals
91 (APi11)) F 0 (0i40)) HOv (Pn + APi4ay) J‘IQBE%#F
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Call

User Subroutine J—D} Subroutine : Yield function
Stress update

Newton-Raphson loop
Material Jacobian

—>| Subroutine : Hardening curve
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NBIEMNZLN.
s =120, EHAENFZODTOEAKXON RENSHE
+ MSC MarctabaqusIZZE S TIXERSI DK A EZLEHTIZIXREL.
*® [RIRBABD ZH1E
o [RREHGITHRREOBI:ZITHS.
» LA, SHE L, BABEHORBIZBHELELDIL, o(c)Z DM
o YOI —FoTIEIZ2=IMEILTLEZE VKO TEHILIRATEE.
n TEALRIORE/C SR R 4R,

N

r48LTIES] r480TIES]
—ﬁ Ny
Msc Marc | [mor MHICF A Yia2000 ] | Y1d2004
Abaqus == BRI Hill9o
LS-DYNA w7 ﬁ> Cazacu
BBC2005 Vegter

ANSYS Unified Material Model Driver
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Flame work of UMMDp

-
N
Xk %k
umat usermat :z::g t?ait** hypela2 LUSR**(C) Plugs:
Current Stress: {c,}
f' l l l l l‘ Inc. of strain: {Ac}
Updated Stress: {c,.,} | Yield functions:
Consistent Tangent: [0Ac/9Ac] von Mise
. UMMDp Hill 1948
- Hardening rules:
=incal arde g rules Gotoh bi-quad
Swift Curve Unified
i Stress Barlat YId2000
Voce library Isotropic Material oo i) g
Ludwick | | Model — Barlat Yid2004
Combined Driver Eq.stress
- . Barlat YId89
Prager | for and its
Ziegler —+  Kinematic Plasticity  gifferentials Hill 1990
Chaboche - BBC2005
ummdp_
Armstrong - chkyf BBC2008
. Check yield locus and differentials EEgISIRetiD
Bl Test code or commercial codes Karafills-Boyce
Development subroutine

Cazacu 2006

Fig.1 Frame work of development of user subroutines for UMMDp
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Yield function : Y1d2000 |

N

Barlat yld2k&i3 ChkyfH 1 DXy. Xt DI 57
1.50 T | T | 1.5
ny’ o 5 i 5 T,y/Ky=0.0
1 00 contours rxy;txfg.‘z}
. L 0-05 ........ .............. - e — 0o — Tyl Kyy=U. /ﬁ
every ; o — 1.0 k=06 ; \
ypZ i : to/ky=0.8 % \
0.50 0.5 V. 7//_‘\
. )l
0.00 ; >
-0.50 o %/7
-1.00 = -1.0
-1.50 209q-T3 |

: -1.5
150 -1.00 -050 0.00 0.50 1.00 1.50 -1.5 -1.0 -05 00 05 1.0 1.5

1-HELTHOSMEHEICIEY
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“Yield function subroutines” by Users

N

® — S N1—YIc&kd7055 L.
n RUA—DOEMEEERLGY, BEOLANILELEIELTER .
o TBMMITOIIERETHMBTT. |
e TIFEALEAMIFIEFREERZELD, 5T HICIEIRIVER ]
+ [FortranZz#)HTHLYFELT-. |
o [REBDH/XEFODIZUE/INELELS . |

¢ MYMBTRIECILIZHIRAR
» BISOEZNFONTHDST—RIETLADLLY.
+ BEEED—RELTIZAKRADERE =0T
o NERZAMRELI-EGHREATx L TOELIT G o=
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Flame work of UMMDp

N

Xk k
umat usermat :z::g t?ait** hypela2 LUSR**(C) Plugs:
Current Stress: {c,}
f' l l l l l‘ Inc. of strain: {Ac}

Updated Stress: {c,.,} | Yield functions:

Consistent Tangent: [0Ac/9Ac] von Mises
] UMMDp Hill 1948
i Hardening rules:
=incal arde g rules Gotoh bi-quad
Swift Curve Unified
i - Stress Barlat Yid2000
Voce library =il Material _ic}
Ludwick | | Model — Barlat Yid2004
Combined Driver Eq.stress
. Barlat YId89
Prager | for and its
Ziegler | dKinematic Plasticity  gifferentials Hill 1990
Chaboche BBC2005
ummdp_
Armstrong chkyf BBC2008
Vegter 2006

. q ial cod Check yield locus and differentials
Test code or commercial codes Karafills-Boyce

Development subroutine

Cazacu 2006
Fig.1 Frame work of development of user subroutines for UMMDp
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BEiLhl:EE&E{ETTIL

FIEIE: e WAL, EHELL
Isotropic hardening BErEEDl EE

N

/ &:Superset | TH 5.
Va /0
7 °
ZENELL:
Kinematic hardening

__, BE(EG)EL:
— Combined (Mixed) hardening

FREEEBHMELIE BALERIE T3,

EESNDETNVHEETRZICHRRFERNTESL
WHSEHEDOTIE G, RIRICEEZDOOEEILAIARTEL TLY
BDEEADDHIELLY.

G B TENERREARIE DD ZED I NE TR TR (B AZEEAIZ) LIRS, HERHAEL

EM-T-DT, COERETBEEILTIEHLGS FAEETHD. 1ELIFEIF—RIELZESICH

A% LHL. IR2LGBEFE L ITHRNWIEEFRLTIIVNEGN, IREGFEAFILITHDIZE
DEERRIZIEZ A TLVERLY.
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=p

HEaEb D EREE;

@ HFE et IX L% & (Superset)
n FH-BEITHMAERER TEAGL.
w FAHEIEEE, TRIICREMELEHAAD 1D TIEEL.
» FAHELZIESELICREISES.
& ERAERK.
= User subroutinelZ& >t TVoigtFiZ TERH.
s ZFHHHEIL EFfRIZBackward EulerZ{#35.
s HFAZXITERL FADOFEREAEI(Eq. of evolution)ZzE A

N

Additive Decomposition {As}={A¢ "}+{As"}

Hooke’s law {Ac}=[D°]{Ac®}
0 _ Ap do,
n a{O-n+1 B Xn+1}
Yield criterion o, (o el )=0 o.(0,1—X,1)—0yv(Py)=0

Normality rule {Ac’}=Ap

Eq. of evolution of X {AX}=Ap{V(0,.1, X;1.1) Prs)}
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BEIEILETILDWAR
& HHMEESADETIL.

Eq. of evolution of Back stress { AX} — Ap{v (O', X, p)}

General Form

N

= W.Prager S
{AX}=c(p){AcP} — >V}=c(p) a{ne} =c(p){m}
s H.Ziegler
{AX}=c(P)ApH{o X} T >{V}=c(p{{o}-{X}}
= P.J.Armstrong-C.O.Frederick
{AX}=c(p){As"}—Apy(p{X}
|::> WVi=c(p)Im}—y(p{X}

ERAEERS, BHEOTHERHS, HLBEH

U9 AHERN(FTBEFEHIEHTES. %ﬁ%t,ﬁﬁﬁjﬂir E-Egﬁ; Ja)iEE
do LEbIcRETBIEEE RN, [
{AeP}=Ap : SHDORETAPHRBREERICAST

oo — X} WBTED B,
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Yield criterion

< Updated stress

. Back stress

{Xn+1}:{xn}+{Ax}
{AX}=Ap{v}=

Variables : .1, X1, AP
Constant : Ag, p,,,o0,, X,

Oe (01— Xni1) =0y (Ppi1) =06 (01—

I R INE 52, HookeHll

{on}={on}+{Ac}={o,}+[D°1{A}-[D"]1Ap

a{ X} n+1

Slide No.27

{ n+1}—

5{ _X}n+1

{o""}={o,}+[D{rc}

APV (0741 Xni1, P+AP)}

Xni1) —oy (pp +Ap) =0

A

y

KD EHEEE

= {O_Try }- Ap[De]{mnﬂ}

CNSNAEE2TRIETRIFESEL. REMWELTUTD"g" V) —-XEERT S.

01 = 0e(On41 — Xni1) —oy (P +AD)

{92} ={on. {3+ Ap[D°1{m, 1}

* 0 AH7FER

BRADERFTER

2n+17C0DEIL
=» {0} ~ohamiest  IEERERRER

L {93} ={Xn b —{Xn}—Ap{V (o1, X1 P+AD) } mep {0} NIMVERES
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& EHESOEED

MHEZRE(RARLED>ERE)

Apgy =0 =0
Sta rt {o (0)}:{0' Try}
Kor={Xn}

O-e(O-(O) _X(O))>O-Y(pn +V B a'{'\r/}}T "
E5Ap%:E Newton

PREZEHENSVSEHE
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[Py}t 1

{h

[N (i)]—

{bsp(i)} _ - = -
: {{bxp(i)}}‘[’*] {{V()}+Ap()a{v} [ 30({)1}:[A]—1{_§g:£}

8{0‘—X}8{0'—X}T|()

{ma}=

[1]+ Apg o TING T =apHIo 10V,

[-2psy—F

ofv}
a{}()

OAp =

ApDIEIEESApEETH
g Hm | e} - Do} |Izaphson
teration
Pl

\

{c}&{X}DIEIEE{5c&{5X} &5t R
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Update j=j+1
Ap(i11) = APy + AP

{oc} . {bsO(i)} {bsp(i)} | L )
{{éx}}_{{bxo(i)}}+5Ap{{bxp(i)} » oG} =1op}+{d0}

Kt ={XiH+{X}

fNo

IERERIT TR IhEDH?

el

9, ~0
{9,}~{0}
{9:}~{0}

‘Yes
BHRART

End
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Flame work of UMMDp

N

umat**

utan** hypela2

Radioss

LUSR**(C) Plugs:

l‘ Inc. of strain: {A

e}

Slide No.29

Main for test

Updated Stress: {c,,.}
Consistent Tangent: [JAc/dAc]

g UMMD
Linear Hardening rules: P
Swift Curve . Unified
Voce library Is°t“|""° ' Material
i Model
Ludwick I Combined Driver
Prager — | for
Ziegler “+ Kinematic Plasticity
Chaboche -
ummdp_
Armstrong — chkyf

Bl Test code or commercial codes
Development subroutine

Check yield locus and differentials

Yield functions:

Stress {c}
d

_
Eq.stress

and its

differentials

Fig.1 Frame work of development of user subroutines for UMMDp
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von Mises

Hill 1948
Gotoh bi-quad
Barlat YId2000
Barlat YId2004
Barlat YId89
Hill 1990
BBC2005
BBC2008
Vegter 2006
Karafills-Boyce
Cazacu 2006
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N ACodesxt iz

NP )
EHORBRPHEMAEICERZHSH, RAELT, REROEAZRD.
Code Marc Abaqus ANSYS LS-DYNA ADINA UMMDp
UsrSubR hypela2 umat usermat | Umat/utan | ucmat2 | jancae_plasticity
ucmat3
& AR5 S STRESS | stress sig stress sl,s2
VT AHHES DE DSTRAN | dStrain eps deps de
BAEERERK D DDSDDE | dsdePI Es d ddsdde
It 1 R 5 8 NGENS, | NTENS, | ncomp, eltype EE nttl,
NDI, NDI, nDirect, < i (;'_CC’EE'E%/ nnrm,
NSHEAR | NSHR nShear nshr
REZH T,DT STATEV | ustatev Hsv ARRAY p,dp,x(10,nttl)
(BEZH)
REEZEH D | NSTATS | NSTATEV | nStatev NHV LGTH1
T SubR QUIT XIT EXIT adios END (kev=4) jancae_exit

ElEWLR, V7 II7ICRENENRDOEE 1D HS.
N E=HSNSMEH EICIHS
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Verification Test Problems |

VTO1 : Plane Strain/Disp. Control/Perfect Plasticity

VTO02 : Plane Strain/Disp. Control/Strain Hardening

VTO3 : Plane Stress/Disp. Control/Perfect Plasticity

VTO04 : 3D Solid/Disp. Control/Strain Hardening

VTO05 : 3D Solid/Force Control/Strain Hardening

VTO06 : Plane Strain/Disp. Control/Strain Hardening (Simple Shear)

Plane Strain Plane Stress 3D Solid
Perfect Plasticity | VTO1(Disp.) VTO3(Disp.) --
VT02(Disp.) VT04(Disp.)

Strain Hardeni N
rain Hardening VT06(Shear) VTO5(Force)

N

*Peseee

D=1mm Master node

Thickness=1mm
7 y-Sym. DOFx

H=1mm 3D Solid - O Master node
z-Sym.
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Plug for MSC.Marc
la
e
® Marc : j#iE CkHHHR@MSC)
75 = s11(Built-in)
= 522(Built-in)
= 533(Built-in)
20 . - - - - -
e Line : Built in von Mises
15 ° s22(UMMDp) Plot : UMMDp
pdf’ﬁ o $33(UMMDp)
o4 o se(UMMDp)
.. 10 [ T ] -
>00000000¢ gl Built-in Step4
o UMMDp
6 — Yield locus |- S w&xnxxb Step3 |
i B i P e B
-5 Stepb6 /}’
7.0E-05 | g, PP )
p(Built-in) =
6.0E-05 B
c o puMvpp) | P /
€ 5.0E-05 ff "2 (
(7]
£ 4.0E-05 o 4 . Step1,2 |
(%)
— moow /
g 3.0E-05 -6 Step? X
Y 20E0s -8 Step8
] -10
1.0E-05 / 10 8 6 4 2 0 2 4 6 8 10
0.0E+00 eircs /MAG
0 1 2 3 4 5 6 7 8

Step
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“Plugs” by Professionals.

& XA —DEMEREL.
n RUA—DEMMEOSENFEONI=-CEITEE.
« Z7AIZKDa—FZR 51T THAIE.
sm HARAE—DEMENDEE
o [1—HHTIL—FUICDOWTIFRAIELTHR— IR TH
HTEML, BN Y R—MRTEELTHRBRIIZEADLHIE
MDD, COFRELT, B9 L+ LTEENHETNSDE
[XRR 57U
o WBZRAERREZAOTBIERTORGRMEELTD
B BAZRIDETT-.

N

s SE|ZRE
o IRSUTATIZEBSMEIISMEZL>THOEZER.

s NS —BHDEFA—230FTRALEDE, FEEOI—
P60 EATIEGRLNERWET.
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Flame work

A
N
Xk k
umat usermat :z::g t?ait** hypela2 LUSR**(C) Plugs:
Current Stress: {c,}
f' l l l l l‘ Inc. of strain: {Ac}
Updated Stress: {c,.,} | Yield functions:
Consistent Tangent: [0Ac/9Ac] von Mises
i UMMDp Hill 1948
i Hardening rules:
=incal arde g rules Gotoh bi-quad
Swift Curve Unified
i Stress Barlat YId2000
Voce library il Material _ic} r
Ludwick | | Model -— Barlat YId2004
Prager - Comblmed D;::_er Eq;ISF:eSS Barlat YId89
v and its
Ziegler —  Kinematic Plasticity  gifferentials Hill 1990
Chaboche - BBC2005
ummdp_
Armstrong - chkyf BBC2008
. il Check yield locus and differentials Ll S
'ZI'Ssltoigdzeoc;rl /c;mmeraa codes Karafills-Boyce
2011/3-2013/12 Cazacu 2006

The Japan Association for Nonlinear CAE



Development goes on
& ISR A A ERAIORES

N

Hyperelastic branch with damage

Hyperelastic branch

| |
| | i :
' volumetric part 'isochoric part Viscoelastic branches

v

Y, hgq,...q,)= UQ) + Y (C, h) +‘¥’NEQ(5,Q1,...,qn)
— «

volumetric part  equilibrium part non-equil?f)rium part
with damage
A\

~/

isochoric part
The Japan Association for Nonlinear CAE



Development goes on

N

L
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* ¥
Plugs: umat usermat —— :T;.t** hypela2 LUSR*¥*(c)
Updated Stress: o1
Consistent Tangent: X,,, tuLy ULJ TL uLJ uLJ
Stretch based
Ogden — l Deformation Gradient: F,,,
History Variable: H,
Shariff —
Tube D ET L ET Simo
= — T
Constr. Junction — — Simo LEEEIIC LT
UMMDr o elntic branch:
sliplink ] [ Miehe Viscoelastic branch:
i . Evolution eq.
Invariants based Ogden-Roxburgh Ihl;ll:tlzizgl Isochoric part
Mooney Rivlin  — — Chagnon et al. Model
Arruda-Boyce  — - Dorfmann-Ogden | i — R
or Ru r | .
Gent ] —  Beatty-Krishnaswamy function II
Gent-Thomas | Elias-Ziifiiga- Beatty Hyperelastic branch:

Van der Waals

Yeoh-Flemming
Hart-Smith

Ogden basis free ¥
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Hyperelastic branch with damage:
Isochoric part

volumetric part

m 2012 2013
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Summary(1) NPO

@ NPOELTOHERY A :
- m FRTHIE AVT TS, NPOTLA TEGLVES.

B  MESE D j}?ﬂ? }f
I g Y R g

x %
ucma““"ag ‘l'l"tf:,.,* hypela2 LUSR**(C) Plugs:

N
\J

f| ‘ I ‘ ‘ I‘ Current Stress: {o,}

Inc. of strain: {Ac}

Updated Stress: {c,:1} 1

e
ﬁﬁ’ﬁ% A D ]}?ﬁ ¥ ;
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Summary(2) NAFEMS

f\\

'@ Verification (Benchmark)

NAFEMS

rigid
— punch

Understanding Non-Linear
Finite Element Analysis

Through
lllustrative

Benchmarks by A.A. Becker

Understanding Non-Linear Finite Element Analysis
Through lllustrative Benchmarks

The Japan Association for Nonlinear CAE

FUNDAMENTAL 2D PLASTICITY BENCHMARK

2.4.1 Physical Attributes

This problem consists of a simple 2D geometry subjected to prescribed displacements in order
to demonstrate several aspects of plastic behaviour including the following:

Biaxial yielding

Perfect plasticity

Isotropic hardening

Plastic flow

Unloading and subsequent reloading

Residual stresses after unloading )
Prescribed displacements at all nodes (displacement-control)

2.4.2 Problem Definition

A square plate is stretched in the x- and y-directions and then returned to its original shape. The
plate is assumed sufficiently thick in the z-direction for plane strain conditions to be applicable.

The preseribed displacements are applied in 8 steps, as follows (see Figure 2.11):

Stretching in the x-direction until the plate just yields, followed by further stretching in
the x-direction causing plastic flow, i.e. post-yield behaviour,

Stretching in the y-direction in two steps.

Compression in the x-direction in two steps.

Compression in the y-direction in two steps.

At the end of the final load step, the plate is returned to its original dimensions.

\ A4 AL f_é_i_ék_
> PR LYYy i
> 4 ; :
> ' a :
- i
Step Step 2 Step 3 Step 4
> SR > S A 20
: > I \AAL
| &
< <+
4 o
-l‘_ -
Step 5 Step 6 Step 7 Step 8




Summary

N

¢ BRE

NI :

o BNEOARI—FOFI AN FIL.
» BRFAAI-—FERALET IV r—avIfHiE.
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® LEAABHITERIIFEAF XL

s ABEICESDTRELILIE, APT L.

s BEIEIZESOTKRELHILE, REICHENTESZ L.

s J—TJAIZESTREBLHIEIE, XEEZENWILAT IS HIE
o J—JORXEEZESTIENEL. XEFXFEINKE.

® CAEBLMDY. RFEDEWNEEEZLIZIE, 2FLFIHATSEE0N.
s BBIZHLT, EQOLSIBETILEHRD H?
s TOFEI DA ZFTRAFHEIH?
s ERFTELICRETESIXE, BAIFEHEEZETIVIETETIELOVEL
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Summary

# NAFEMS : Classic Documents
s SREAI—FORARINT, TNOARBRIISNTULKEED L ER.
s BTZEEMICESDOTIEEGLS, BEZiEAERHTO0EX.

N
\J

® FRIFTECHDLRA—FTREH.
s SRR —RIIFTELNHNIEFICANDZENTES.
s THMEEREUSTIZENCLT IENTESEAIN?
s NAFEMSOO & B ERHEHE R ICE>THREED B IR L1555,

# VRV : Verification®) X X A

s Verification(ZV IR A D41, ValidationlZ1—H DEELRE
DTULVELAN?

= Validation(IE#DFTOHBEELLTRE. £

» Verificationld B DIEEEZEA LITAT-OIZ. THE ]
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