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Realization of homogenization method with ABAQUS

HUANG Fu-hua LIANG Jun DU Shan-yi

(Center for Composite Material Harbin Institute of Technology Harbin 150001 hfholdmelodies@ hit. edu. ¢n)

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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ABAQUS (ABAQUS user subroutine)

(ABAQUS scripting)
ABAQUS
1
1.1

Cijkl (X(A y)mn + [klnm) ¥j = O on @' (1)
Xi () = X (¥ + ) 0n00.  (2)
/\/imn (y) = O on GQVGH' (3)

Ly = (amkanl + Snkaml)/z' (4)
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X = (Mo Hom) o (5)
Y 9 1 0 0 0 0 0 0
G 00 00" B 0 -1 0 0 0 0 g
L K:EE 8 _01 O1 8 gg' (2)
i -
Ciu = | @1 f@Cijlzl(X(k e+ Ly ) AV (6) EO 0 0 0 -1 0 E
1.2 5o 0 0o o o -1V
1.2.1 1
(1) ABAQUS UEXPAN
(o ;;;m = Cy, (/\/(k ymny L) = Cin (X(k ypmn Ky AT). O . ABAQUS inp
@) * Expansion type = ANISO
Ky user
) AT =1 (* . for)
1.2.2 subroutine uexpan ( expan dexpandt temp
time dtime predef dpred
“ o7 $ statev cmname nstatv noel)
f@Cng(k o %( E;&}i N anj)dV _ include’aba _param. inc’
Y; ay; character* 80 cmname
_ Z f C 80, dS. (3) dimension expan(* ) dexpandt(* ) temp(2)
P er-s0rnae time(2) predef(* )
() $  dpred(* ) statev(nstatv)
©7 I expan(1) expan(2) expan(3) expan(4)
expan(5) expan(6)
! 11 22 33 12 13 23
(00" - 90" N 90)
i Cinnlt;- if(abs (temp(2) —1.0).1t. 0. 01) then !
(6)

i 1 1
Cz]kl = WJ@ Cifkﬂ/(k y)mn dv + Wj@ Cijmn dv. (9)

C)
2 ABAQUS
2.1
N G)
K == Ly (10)
<
ey = Ky AT. (11)
Voigt K
( kl mn )

expan(1) = - 1.0
expan(2) =0.0
expan(3) =0.0
expan(4) =0.0
expan(5) =0.0
expan(6) =0.0
endif

return

end

2.2

ymn n‘j'

Cijmn, = /\6ij8mn +Iu’(6nn6]n + 6 6 )' (13)

injm

F°' =-C. n F*

imn ymn""j

( i mn )
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(A + 2u)n, An,
F' = - E An, (A +2p)n,
U An, Any
ABAQUS UTRA-
CLOAD() ABAQUS
inp * Dsload op =

NEW follower = NO

(* . for)

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 =426 857¢6)

parameter(aecl2 =113 468e6)

parameter(aecd4 =156 694¢6)

parameter(becl1 =102 085e6)

parameter( bec12 =50 280. 8e6)

parameter( bec44 =25 902. 3e6)

I alpha

! T_USER(1) T_USER(2) T_USER(3)

if(kstep = =1) then !

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

!

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

!

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

T _USER(2) =dircos(2 3)* becl2

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

endif

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 !

An, un, wny, 00
An, un, 0 Mn3§

(A +2uW)n, 0 un
T_USER(1) =T_USER(1) /alpha
T_USER(2) =T _USER(2) /alpha
T_USER(3) =T _USER(3) /alpha
endif

return

(14)
pun, U

end
2.3
)
ABAQUS
* Tie

position toler—

* TIE inp
name = Constraint — 1 adjust = no
ance =1.0 * TIE
POSITION TOLERANCE
| ABAQUS
1 ABAQUS
1 ABCD

EFGH

¢ 123

©)) (b)
1 ABAQUS
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ABAQUS
(linear perturbation step)

6 6

2.4
ABAQUS

Q)

f@a’ijdV -3 jwa,,dv -3 Z aIDW). (15)
3 )y

e 1

o oy I
J(D 1 Jacobian
(Jacobian ) WD)
1 . ABAQUS
(ABAQUS scripting)
3
C3D8
V., = 0.267 E =
379.2 GPa v, = 0.21
E, =68.9 GPa v, =0.33.
Mori Tanaka
( ) 1
1 ABAQUS
MTM SCM

1

C,,/ GPa C,,/ GPa Cp3/ GPa Cy3/ GPa Cyy / GPa Cog/ GPa

136.28 59.32 57.32 185.48 34.93 38.14
136.13  59.30 57.30 185.22 34.90 38.10
SCM  136.6 61.8 57.8 185.7 37.4 40.1
MTM 134.2 61.4 57.3 185.6 36.4 38.2

D ABAQUS

2) ABAQUS

ABAQUS
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