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Realization of homogenization method with ABAQUS
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Abstract; To use the commonly finite element software to conveniently realize the calculation of homogeniza-

tion method, the paper proposes two realization methods of homogenization using ABAQUS software ; thermal

stress method and boundary force method. The control equation of homogenization method is converted to the

form which can be solved with commonly finite element software. ABAQUS user subroutine and ABAQUS

scripting are programed in this article to calculate the homogenization equations. Then the homogenized coeffi-

cient is calculated by the two proposed methods for unidirectional composite material, the results show that the

two methods agree well with theoretical results.
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subroutine uexpan ( expan, dexpandt, temp,
time , dtime , predef, dpred ,

$ statev,cmname ,nstatv, noel)

include’aba _ param. inc’

character * 80 cmname

dimension expan( * ), dexpandt( * ),temp(2),
time(2) ,predef( = ),

$  dpred( * ) ,statev(nstatv)

! expan(1) ,expan(2) ,expan(3) ,expan(4),
expan(5) ,expan(6)

! Skt 11 22 33 12
i 31

if(abs(temp(2) =1.0).1t.0.01) then | Zf
— b

expan(1) = -1.0

expan(2) =0.0

expan(3) =0.0

expan(4) =0.0

expan(5) =0.0

expan(6) =0.0
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endif

return
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end
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SUBROUTINE UTRACLOAD( ALPHA, T _US-
ER, KSTEP, KINC, TIME, NOEL, NPT, CO-
ORDS,DIRCOS, JLTYP,SNAME)

INCLUDE "ABA _PARAM. INC'

DIMENSION T USER (3), TIME(2), CO
ORDS(3) , DIRCOS(3.3)

CHARACTER = 80 SNAME

parameter( aecl1 =426 857e6)

parameter( aec12 =113 468¢6)

parameter( aec44 =156 694¢€6)

parameter( becl1 =102 085¢e6)

parameter( bec12 =50 280. 8¢6)

parameter ( bec44 =25 902. 3e6)

I alpha i1 B AERY sUEE TR RN

! T_USER(1),T_USER(2),T_USER(3)}4
XA I T5 18]

if(kstep= =1) then | ZH—A

if (sname = =’ASSEMBLY _SURF-FIBER') then

U TELF4Eh Bt Emih )

T_USER(1) =dircos(1,3) * aecll

T_USER(2) =dircos(2,3) * aecl2

T_USER(3) =dircos(3,3) * aecl2

elseif ( sname = =' ASSEMBLY _ SURF-MA-
TRIX") then

U TESAR S B Emih )

T_USER(1) =dircos(1,3) * becll

T_USER(2) =dircos(2,3) * becl2

T_USER(3) =dircos(3,3) * becl2

endif
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endif

alpha =sqrt(t_user(1) #t_user(1) +t_user(2)
t_user(2)

$ +t_user(3) *t_user(3))

if(alpha. gt. 1. 0e —=5) then | J|Wi & 1 &6
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T_USER(1) =T_USER(1)/alpha

T_USER(2) =T _USER(2)/alpha

T_USER(3) =T _USER(3)/alpha

endif

return

end
2.3 FEMBREGEMSTTIEE

TER(2) TP SO A R SE B B it i
TELS E R R PE 5 PF. 72 ABAQUS v 1o 5C i
B TIE S5E SC,inp SCOF P AT Z AN AGE ] * Tie,
= Constraint — 1, adjust = no,

name position toler-

ance = 1. 0, JE B — ¥ X4f = TIE iHA)H Y
POSITION TOLERANCE, 75 %2 1 fE2: 15 H 4 R 1y
51 hag il T ABAQUS rr S B 1 i A
SoPF AR R B 1 R RS X T, ABAQUS
HRR A 32 1R ANTET, A Y T L i ABCD
EFGH B FR. AR ZR A% R 43 5 32 18 Ay 9 4%
AEXF - DA TATZEAR — 5, 3R DI AT B — SRR ]
DL RN SRR, a,b,c iy AR N K43 )
FEJE B = AN AL, 1,2,3 RN =T
waa SR LA XS A 1R, Bla 35 A5 1 45,
BHE SR BORE 25 TET B b fS7E FR I b X A
jj 152 bl 0 s AL AP AR RR AR FR T A
2 mi ACFRIE sRBCRE 0 A —2E A5 35 T | ¢ SSTE
FH IR 5K ¢ (HIR B IEAS IR TR R 99 A5,
¢ AL BRFAE R B A5 1,2,3 &%ﬁ@%&%?ﬁ/
REBARE o SR, WL T ¢ AL FRAE
PRAICS 1,2, 3 ARRHE BRI 22 S5 A

(a) NTHI (b) T
BT AR R 2R ABAQUS HR R SEBE
M (4) AL B mn B92E1E, iR
B 9 = HESRANE Sy A A0 IR i el X AR
P, S HA 6 41 fEfifix 6 A, A FROTTr
T v 8 52 B 300 5 4 8, T8 R i 1) DO R A I



£ 392 - R

SN AN

FA2E

(P& [ E RIS DL T ) FA 2724, FOZRAEA )
WRr Y S G AU R IR U R A R
k. FeT Bk 3 Ar, 52 A m LA AT ABAQUS 241
M2k %32 (linear perturbation step) TJHE, 8
iR 6 AU 1R 6 LM B 2P K 4. R H]
LM B D AT ARG g — ZH I R TR 1M
JERERE , A A] LR R 353 [a].
2.4 NAESERENRAS

Hi ABAQUS 71533 B MRk R $5U5 , g 11531
Yot 28w E I BUE AR TR (6) , Bk
TR PR R T R TS AR

[[oudV = X[ odV = 33 alJ W) (15)
sty Y MfE A T R, Y A

A HTCRIT BN S AER N, 0l oy TER BN L
WA, J (1) R BTG Wi AR 43 55 T 1Y Jacobian {H
(Jacobian FHFEATHAILE X ) , W(T) N7E =B
R T BACEE. B840 B BT 3RAE ABAQUS
iy A giA (ABAQUS scripting) SCIFASEEE.

3 HKEEMN

T AESE bR A R R A AT X L) A
B M RHEREHE T TR 5SS AL By B ) £F 41
SRIL A AR = 4R, SR ] C3D8 T, £ 4k
BUrECV, = 0.267, T 4Ry st & B, =
379.2 GPa, AN H v, = 0. 21, FLAA A 51 B
E, =68.9 GPa jAfatb v, = 0.33. 8 T LSS
K FHARTE) S ] Mori Tanaka J5 5 #1 H 16 T5 11
BRI R (FRUE ) , R 1 4510 145
M1 AT LUE F ] ABAQUS SEBLRY W J5 kit
BARSENT, 5 MTM F1 SCM 4545 B n] LU e #5 i
A6 N, 3K AR T ik B I A

F1 HEOUFTEHETEERLEE
C,,/ GPa Cp,/ GPa C,3/ GPa 53/ GPa Cyy/ GPa Cos/ GPa

136.28 59.32  57.32

FLIA
s 185.48 34.93 38.14
itk

SUE LY

7 136.1359.30  57.30
7k

SCM  136.6  61.8 57.8 185.7 37.4 40.1

185.22  34.90 38.10

MTM 134.2 61.4 57.3 185. 6 36.4 38.2

4 # #
DI@RBE A HUEHE ABAQUS 538 T 1%

53, B IR 1 7 ik M 5 3 T30 Bk 3R
T3 EAA T T 05 E X P A RSB T — B

2) M M ABAQUS W A F& Jy i 2 T 1&
ABAQUS PREEARGEHE [yl n] LAAT 214 2 (b R At
R M S G PR R REREAT T TR

5% W

[1] YUAN Z, FISH J. Toward realization of computational hom-
ogenization in practice[ J]. International Journal for Numeri-
cal Methods in Engineering, 2008, 73(3) :361 —380.

[2] ESHELBY J D. The determination of the field of an el-

lipsoidal inclusion and related problems[J]. Proceed-

ings of the Royal Society of London, 1957, 241(1226) .

376 -396.

MORI T, TANAKA K. Average stress in the matrix and

average elastic energy of materials with mistting inclu-

sion[ J]. Acta Metallugica, 1973, 21.571 - 574.

[4] HILL R. A self-consistent mechanics of composite mate-
rials[ J]. Journal of the Mechanics and Physics of Sol-
ids, 1965, 13(4) :213 -222.

[5] BENSOUSSAN A, LIONS J L, PAPANICOLAOU G.
Asymptotic Analysis for Periodic Structures [ M]. New
York: North-Holland,1978.

[6 ] SANCHEZ-PALENCIA E. Non-homogeneous Media and
Vibration Theory[ M ]. New York ;Springer-Verlag, 1980.

[7] GUEDES J M, KIKUCHI N. Preprocessing and postpro-

cessing for materials based on the homogenization meth-

—
W
[

od with adaptive finite element methods[ J]. Computer
Methods in Applied Mechanics and Engineering, 1980,
83(2):143 - 198.

[8] FISH J, SHEK K. Finite deformation plasticity of com-
posite structures: computational models and adaptive
strategies[ ] ]. Computer Methods in Applied Mechanics
and Engineering, 1999, 172(1/4) ;145 - 174.

[9] HASSANI B, HINTON E. A review of homogenization
and topology optimization I —Homogenization theory for
media with periodic structures [ J ]. Computers and
Structures, 1998, 69(6) 707 - 717.

[ 10 |HASSANI B, HINTON E. A review of homogenization
and topology optimization 1l —Analytical and numerical
solution of homogenization equations[ J]. Computers and
Structures, 1998, 69(6) :719 —738.

[11]HASSANI B, HINTON E. A review of homogenization
and topology optimization III —Topology optimization u-
sing optimality criteria[ J]. Computers and Structures,
1998, 69(6) :739 —756.

CI2]X0 I, BRI, S A PR 73 M 9 3 23 7 i
[J]. 14k, 1997, 29(3) : 306 - 313.

(HmEE Kk 2r)



