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Fig.1 Schematic diagram of 3D woven fabric structure
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Fig.2 Deformation modes of 3D woven fabrics
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Fig.3 Vector transformations of deformation processes

M =M, M, M,=M, @ M, M,=M,® M, (6)
WO = o (1 L Iy Ly Ly Ly Lo Loy Lo Iy Isy) (7)
X M, M, M Bk 1 L L R AR SR CHYARAR
5 Ly Ly T R T R E SCRIR G ANV i, AR
T(S)Fﬁ/ﬂz 7=1,2.3) A B R R sK i F I RAIEE
1, =Tr(C)=24]+2+ 13
(,1,13)2 +

1= (T (€ ~Te(€)) = (4,) + (4:2a)’

I, = Det(C) =(,11,12,13)

I,=M,-C- M,
L,=M,-C-M,
I,=M,-C*- M,

(8)
Ohy R SR T S A5 i) SR AR RE SR A AT 1 s B i 2
KA AN AR B HA W) S RS SORE AN 72 il i S
A5 A Y AR S AR AR ORI o X T 6 TP AR T A
A AT RURGE A RHEA R A A 2OR ST A2 47 R 5E X
A, = (9) R
7

fog =0 (1, ). a= 1,2

1 [k
Icomp - 2 ln( 141 142)
L

I — 21

» = sin (y) )

WL IS, M5 1) ERAR BN AR 5 1, 0 ML 1) 4R
KA vjﬂﬁ?ﬁli] TUIfA 51, J T A B ﬂ]ﬁlﬂﬁE?Z{E L

Sk i) (M, M) RS ARAS T

—HEHLBUYTE (90 RE AN AL R RO FARE , IR

T BN AR B ROV N AR SR SR T, DA SRR SE S i )
$r—FEIRBE RN ) SR, =X (10) s
a]cal(ongz 1 T
aCc 21,
Moy 1( 1= 1=
ac 2\€ T, M"142M2
My _ 1 Ly 5 1y &
aC—Z ]41[42 M ®M2+M2®M1)_2]41 Ml_2142M2
oI, 1 low y2 Low y2
T zm (M, ®M3+M3®M)—214 Ma—2143M3
(10)
55 TR R B - SRR RN ) S 2 BN AR RE YRR, 1T

I AR R A AR TR S OIRAS T AR

S SRERYLERT, DR, 7 5K
s P Al ESENa g U

awelongu a‘/Vcomp 6ch ow f
- = + + + cta
§= Zac 2( aC aC aC ac) (D
1
=— FSF'=
=7 S
2

F 6C [ clongl (Iclongl ) + WclongZ( IclongZ ) + Wcomp (Icomp ) +

wcp([cp)+wctl(]ctl )+Wct2([ct2)]FT

(12)

2 B EARIEES IR

FEXT ZGEHLEY) 4 AR TR, T LA 5] X 9t
B LI 072447 R, AL 45 SR b e (LR 4) (i)
FEAR G 100 A B D036 R 1) B U0, i ol 0 i R v
T — % i L B B 10y 78 Rl 5 A = T S O
Z, DR SCOEIE = AELUI I bR M, 55T & AR TR AR
2N A 10 A B 25 B — AR i R AUL 5 A5 1 A R 25 B eR
2, I A £ T = AERLZU i A R R 25 7 i
2.1 Baihtife

e SR E A il T 1 E VA= W S Sy P ) N )
160mmx40mm , 711 3 & 15 & >4 2mm/min, 43 5 JFJ& T4
1] 5 £ i £ BT AT, R T i — i A R, il S e
TR o WRABTFREA 21 13 A BB 25 i — W AR RS i 2, AR A X
BT A 137 AR BB — AR i iR 9 4B B D T
fif J/EﬁEFFH?fi"JTﬁﬁWT/\M& ME 6 FiR. ELPHfh
55— BB, BIRL RS 5N 19, i, SU bR A R I 20
LR, V\]%K?Uﬁi/}ﬂé/] ,Jttmfxﬁ*ﬂri‘ﬂﬂﬂﬂﬂfﬁiﬁﬁﬁ;Ei‘fi



X A T ARSI 1500 SR TS 100 £ 2% i S e A P A g 8 31

(a) B R (b) Al
P ERC W e EREE e

Fig.4 Specimen and setups of tensile test
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Fig.5 Load-displacement curves of tensile test
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Fig.6  Strain energy density-invariance curves of tensile test
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Fig.7 Specimen and setups of compression test
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Fig.8 Load-displacement curve of compression test
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Fig.9 Strain energy density-Invariance curves of

compression test
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Fig.10 Specimen and setups of bias-extension test
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Fig.11 Load-Displacement curve of bias—extension test
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Fig.17 Load-displacement curve of transverse shear test
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shear test
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Table 2 Parameters identification of hyperelastic constitutive model
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Fig.20 Comparison of in-plane shear angle cloud maps of

experiment and simulation
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An Anisotropic Hyperelastic Constitutive Model for Predicting Preforming
Deformation of 3D Woven Fabrics

Liu Chuang', Huang Tianlin?, Di Jia’nan', Cheng Hui', Liang Biao'

1. Key Laboratory of Aircraft High Performance Assembly, Ministry of Industry and Information Technology, Northwestern
Polytechnical University, Xi’an 710072, China

2. AECC Commercial Aircraft Engine Co., Ltd., Shanghai 201109, China

Abstract: 3D woven fabrics is gradually widely used in the manufacture of aero-engine blades, magazines and other
complex curved structures. The complex deformation behavior of 3D dry-fiber woven fabrics in the preforming process
was studied. Based on the theory of continuum medium mechanics, an anisotropic hyperelastic constitutive model
was proposed to describe the anisotropic mechanical deformation behavior of 3D woven fabrics due to large
deformations. The strain energy density functions were established by the deformation experiments of 3D woven
fabrics. The material parameters of 3D woven fabrics are obtained, and the validity of the hyperelastic constitutive
model proposed in this paper was verified by the finite element simulation and experiments of the bias-extension and
the hemispherical stamping preforming. The hyperelastic constitutive model can play a guiding role in the finite
element analysis model and the optimized design of the forming process of 3D woven fabrics.
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