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R =4 SRR, ABAQUS [ 4 1Y B 5 k&
ROHEAS G ] 3 4R A8, BT LAA RL Y 5 B 2 4K
A B AT R T2 i Fortran 1 5 98 5 H]
FA E MR 7 A S BB 8 2R 240 18 e W1
JEiBAL . B ARG 2 SO R R 2 5
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B, r
from abaqus import " #1H, >y [& B 45 2
from abaqusConstants import *
def BRS (#IAb7E SLH P4 ARZSED
BRSModel = mdb. Model ( name = BRSModelname ) #
ISR, IR P AR R 44 B

BRSComp = BRSModel. Material ( name = ¢ Compos-
ite” ) #QIEATEL, HF TR PR
#AIE AP RHZ T TR

i=0

for i in range (0, brslayers) :

compositeLayup. CompositePly ( plyName = ‘ Ply-" +
str(i+1), thickness =t)

else;

print ‘ SEMAHIZBCE !’

#A A SARTF HEA TR T

BRSInstance = BRSAssembly. Instance (name = ‘ brspan-
ellnstance’ )

#QNH BT A0 T BCE T S A AR

BRSModel. StaticStep (name = ‘Step-1")

BRSModel.  fieldOutputRequests [ * F-Output-1 ’ ].
setValues (variables = (‘U’, ‘S’, ‘RF’, ‘STATUS’))
# SRR I A I A

BRSPanel. generateMesh ()

#A AT 7E

jobName = BRSjobname

BRSPanel = BRSModel. Part (name = * brsplane’ ) # BRSJob = mdb. Job (name = jobName, model =
IR, KT AR 44 B BRSModelname )
BRS_MU
0]
size/mm
le gth [ width: dAaed: Ad;. T p: " T ber: 1 i e b
material
modulus/MPa
E1 E2 E3 vi2 vis v23 Gl2 Gl13 G23
trength
Stiffness coefficients are given in kernel. Strength parameters are set in fortran file.
sequencel:
others bolts
load/mm modulus/GPa: mu:

Cancel

B4 EAMHEENREGERRESNREZERE
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BRS_MU_metal

3D
size/mm

length: [ width: holeradi d d li li b di h
material
modulus/MPa
E1l E2 E3 vi2 vi3 v23 G12 G13 G23
strength
Stiffness coefficients are given in kernel. Strength parameters are set in fortran file.

quencel: | | t metal E_metal: | v_metal:

others bolts
load/mm modulus/GPa: mu:
displacement e diagram
name
modelname:
jobname:

BS EAaMBSERANREHERRESMREZERE
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AL S B AR O, , 5 B 3 AT A 20306 435 45 345 114 6 e
ROHIHE . AR FH =4k Hashin 2% 555 o I A H) 1B &2
BRI

A BT 7 o0 M A 20 B 2 A RHRERE 7 IR 25
J& =4k Hashin JE B, TRk} & A2 B3R, WIS 2 K
FHNGS o AN [ A I e 1oy AS [ g 1 g R A 00 K

Fortran 255 (1 FH 7 A 22 SORPRHMCHD B BT T
SUBROUTINE UMAT ( STRESS, STATEV, DDSDDE,
SSE, SPD, SCD, RPL, DDSDDT, DRPLDE, DRPLDT,
STRAN, DSTRAN, TIME, DTIME, TEMP, DTEMP,
PREDEF, DPRED, CMNAME, NDI, NSHR, NTENS,
NSTATV, PROPS, NPROPS, COORDS, DROT,
PNEWDT, CELENT, DFGRDO, DFGRD1, NOEL, NPT,
LAYER,KSPT, JSTEP,KINC) !y [# 52 k5 5
INCLUDE “ ABA_PARAM. INC’
CHARACTER = 80 CMNAME
DIMENSION STRESS ( NTENS) , STATEV ( NSTATV) ,
DDSDDE ( NTENS, NTENS ) , DDSDDT ( NTENS ) , DR-
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PLDE ( NTENS ), STRAN ( NTENS ), DSTRAN ( NT-
ENS),TIME(2),PREDEF(1),DPRED (1), PROPS
(NPROPS) ,COORDS(3) ,DROT(3,3) ,DFGRDO(3,
3),DFGRDI(3,3) ,JSTEP(4) | & AN &
DIMENSION STRAND(6),C(6,6),CD(6,6) ,DCDE
(6,6) ,STRESS0(6) | & XHH

PARAMETER ( ALPHA = 1000. 0, LAMBDA = 0. 0,
DMAX =0.9999 ,DRND =3) | & ¥

El = PROPS(1) ! E1 N&-4E )5 [ty Fops i

E2 = PROPS(2) ! E2 =E3,405300 2 J7 1 3 771
Ty ERASE : , RPBRE A A7) AR

XNUI2 = PROPS(3) ! 12 J7 [ B9IEHA 1L, XNU13
=XNUI2

XNU21 = XNUI2 * E2/EL | 21 J7 il B30 44 bE,
XNU31 = XNU21

XNU23 = PROPS(4) | 23 J5 il BIE A HE, XNU32
= XNU23

G12 = PROPS(5) | G12 =G13,12 16 & 13 53
PN B DI i

G23 = PROPS(6) ! G23,23 “F-[j 4 5y Ptk it
STH = PROPS(7) ! 1 Jy [ 2R&LN S1, B EF 4 Ty n)
JAEN )

RNU = 1/(1-2 % XNU12 % XNU21-XNU23 # #2-2 s
XNU12 % XNU21 * XNU23)

C =0"! QIERIEEHE C(6,6)
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C(1,1) = E1 % (1-XNU23 * %2) = RNU
C(2,2) = E2 =% (1-XNUI2 % XNU21) = RNU
C(3,3) = C(2,2)

C(4,4) = GI2
€(5,5) = GI2
€(6,6) = G23

C(1,2) = El % (XNU21 + XNU21 % XNU23) * RNU
C(2,1) = C(1,2)

C(1,3) = C(1,2)

C(3,1) = C(1,2)

C(2,3) = E2 % (XNU23 + XNUI2 % XNU21) * RNU
C(3,2) = C(2,3)T

DOT = 1,6 ! J1H3E P45 R ag AR
STRAND(I) = STRAN(I) + DSTRAN(I)

ENDDO

STRANF = STH/EI1! 18 k% &%

IF (STRAND(1) >0) THEN ! W2 7555k

F = STRAND(1)/STRANF

ELSE

F=0

ENDIF

D = STATEV(1) ! i/ D
DDDE =0

IF (F>1) THEN

DV = 1-EXP(ALPHA = (1-F))

IF (DV >D) THEN

D = D * LAMBDA/(LAMBDA + 1) + DV/( LAMB-
DA +1)

DDDE = ALPHA # ( 1-DV)/STRANF/(1 + LAMB-
DA)

D = ANINT(D # 10 % * DRND)/10 * * DRND

DDDE = ANINT ( DDDE # 10 % % DRND)/10 # =
DRND

ENDIF

IF (D > DMAX) THEN

D = DMAX

ENDIF

ENDIF

STATEV(1) = D | ¥ D

CD =C | 55 NI EEHFE CD(6,6)
CD(1,1) =(1-D) = C(1,1)

CD(1,2) =(1-D) % C(1,2)

CD(1,3) =CD(1,2)

CD(2,1) =CD(1,2)

CD(3,1) =CD(1,2)

CD(4,4) =(1-D) % C(4,4)

CD(5,5) =(1-D) % C(5,5)

DOI =1,6" &N

STRESSO(I) = STRESS(I)

STRESS(I) =0.0

DOJ =1,6

STRESS(I) = STRESS(I) + CD(1,J) * STRAND
()

ENDDO

ENDDO

DO I = 1, NTENS | 15 3Pk 25 fE SSE
SSE = SSE +0.5 % (STRESSO(1) + STRESS(1)) =
DSTRAN(1)

ENDDO

DCDE =0 | SHfE rl Eb AR FE
DCDE(1,1) =-DDDE = CD(1,1)
DCDE(1,2) =-DDDE = CD(1,2)
DCDE(1,3) =DCDE(1,2)

DCDE(2,1) =DCDE(1,2)

DCDE(3,1) =DCDE(1,2)

DCDE(4,4) =-DDDE = CD(4,4)
DCDE(5,5) =-DDDE * CD(5,5)
DDSDDE = CD

DOI =1,6

DO J=1,6

ATEMP = DCDE(1,]) % STRAND(J)
ENDDO

DDSDDE(I,1) =DDSDDE(I,1) + ATEMP
ENDDO

RETURN

END

5 SAMRHZNBERZ BB
5.1 iRBRTAY

S AR AR 5 4 IR AR PN R
ANE 6 1 R BT BN | R
%0 6 mm, Bk TC4,E =109 GPa,v =0.31, 4
FRABIAEHy TCA, R 2.5 mm, 52T RSy

66 mm x 60 mm,
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Parametric modeling and experiment analysis of
composite laminate joints

LIU Xiangyun =
(Shanghai Aircraft Design and Research Institute,Shanghai 201210, China)

Abstract: A fast modeling program for composite laminate joints by Python was developed to realize auto-modeling.
Parametric modeling program can design and analyze parameters such as single layer thickness of laminate, lay-up
sequence, lay-up angle, bolt diameter and arrangement form, bolt edge distance and end distance. This paper dis-
cusses the interface between ABAQUS and Python and the method of calling the command order. GUI interface is
written through RSG, which greatly simplifies the user’ s operation process. The user-defined material subroutine
was developed by FORTRAN language to realize the secondary development of material failure criterion and stiffness
degradation, and embedded in the fast modeling program to realize the parametric modeling of composite laminate
joint strength analysis. The rationality of modeling method was proved by comparing the results of FEM and experi-
ments. Comparative analysis of failure mode and damage load, the error is within 10% , the error is considered ac-
ceptable in engineering. This study can provide a reference for modeling the composite joints.

Keywords ; composite laminate ; joint strength; ABAQUS; Python
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