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Parametric modeling method and mechanical behavior of
3D woven composites with warp insertion
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Abstract: To describe the microstructure and mechanical behavior of woven composites more
accurately, a parametric model construction method for 3D woven composites with warp insertion was
established. The equality constraints among the parameters in the geometric model were investigated, and
the geometric constraint model was developed to realize the parametric description of the geometric model.
Based on the geometric constraint model, the construction method of the parametric model was discussed,
and the mapping relationship between the geometric model and the actual structure was established by
input parameters, which improved the reduction degree of the geometric model to the actual structure,
providing a guidance for material analysis and design. The progressive damage model was applied to
predict the strength of 3D woven composites in the warp direction, and the prediction results were
compared with the experimental results. Under the tensile load, the failure mode of the warp and binder
yarn was mainly longitudinal fracture, the failure mode of the weft yarn was transverse fracture, and the

failure mode of the resin-rich region was tensile fracture. The predicted strength of the material in the
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warp direction was 853.6 MPa, with a relative error of 2.3%, which was basically consistent with the

experimental results.

Keywords: 3D woven composites; parametric model; progressive damage model;

strength prediction; finite element simulation
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Table 1 Parameters of carbon fiber material®
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Fig. 1

3D woven composites cross-sections
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Fig. 3 Flowchart of the cross-section parameters calculation model
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Table S Yarn path curves and cross-section direction
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Fig. 7 Parametric model of 3D woven composites

1.3 E&H RS RGEDR

H A, 745 000 B AR B 5 B A M kL T 25 4T
N BT L, BERERIELAE A AR P 45 R B R
ek . W B A 53 3 343 O A 1 1
FE s QB A KRR ; Q55 T LA A
1.3.1 #iR s A

AR SCR FH Bl i 1 = 4k Hashin 2% 5o ) 2 4
b A R R B R E Tk, R IR SRR
P TET A5 405 M UV O, L A o D83 45 PR AR o0y AN G 7 BT
TNo HENLLUR AR R T A RN SR B R S0
P2 R, 2024 21 A3 BORE I SR R BSORIAH B

20220950-9



iz s )ik % 39%
F 7 AEHGER S5 HE -
Table 7 Different damage modes and their criteria®>"
Bkt 5ae F 7 HEN

s 2 NI ER L E LA
L2 I FE G4
S e LU
A5y A CIIAS ez 0]
PG FEARRA5 1i
WERE LR AR 0007

o= (o /X2 + (T%2+T%3)/Slzt>l

o= (o11/X)2%>1

0u = Con+033) [V + (13, —0no33) [SE+ (13, +73,) [S2 > 1
0 = V2 (25 )° =1 (on+033) [Ye+ (o +033) %) (280 + (13— 0033 [SE+ (13, +72) [S2 > 1
Prot = [32+ 1t Kine = Ximt )1/ XimeXim) > 1
Pme = 32+ It Kine = X )1/ Xime X)) > 1

TE: oy Ml Ty (i, = 1,2, 3) RIER I SYIN 3 4, 1 RN 386 — AR i, J, N0 ek 86 — R85 X, X S b2 o] f (A
FEGTIRIE, YR Y, b LM 1 hr (R RSB L, S, S, AP BT IR

£ ZH0CK H Chamis #5575 51 o .

E\ = pyEn + (l_pfi)Em

Eyp=Ey/[1- Py (1-En/Ep)]

G, =Gn/[1- \/P_f,-<1—Gm/Gf12)]

Vio = PgiVeo + <1_Pf,-)Vm

X = peXn + (1= pi) X (15)
X, = pr, X + (1= pg;) X

Yo =[1- (\pi—pr) (1 =En/Ep) 1 X
Y.=[1- (\pg—ps;) (1= En/Ep) 1Xme
Sy=01-ps=pi;) (1=Gn/Gpiz) 18w

KP G, AR IR SR AR B i, X, Sl 25 4E G 6] i1
SR 2, S, oA B I 2 R ST U3 2, py 7R 2R 1Y
UL R KL, HARWOT 50

_ T,

1 000pA,
K T, WL, 4, 2L Am A
132 A Ky AL Y
ARSOR 2026 15 5 AS AR B2 Sy
o=C;(b)e
Ci(b,) =M™ (b)) CM™" (b,

M (b;;) = diag (by,by,b.., by, by, b.)

Dsi i = wfi,wfs,wp,bi (16)

b“: (1—D1)2
bttz(l_Dt>2 QYD)
b..= (1-D,)?

b1t=2(l—D1)(l—Dl)/(Z—Dl—Dl)
blzzz(l_Dl)(I_DZ)/(Z—Dl—DZ)
b,=21-D)>(1-D,)/(2-D,-D,)

o Fll & RS FIRLAE , Cy 2 41 53 44 R HS 1 W1
FEF IS, by FR AL MORH B AL B, € FRon 4l o)
FAREA AR 07 09 W BE R, o Dy D 1 D, R 2b
LRG| BETE ¢ 7 1) MR 1) 2 D7 1) A AR
SEAA 5405 AR K AR Y 55 20 28 45 1 A A R R 7
AR, DX 7 T A Oy 2% 1 [R] 4 R, 4

Uiz e & A5 A E, N b=1-D,,, Hoth D,
FORILR B AT DL YN R 1) DL K
BEAA 4 0 78 >R TR A 4 5 b B R R 4
Pt

D, =max (D,D,)

D, =max (D, D)

D, =max (D,,D,.)

D,, = max (Dy,, D)

1.3.3 P s

B p L R S S D) VAR NS YL L VIPATE I
W 3% B A A A G, B A N B, 2k
AR B HOCAR S B M 45 AL, B A R =
B AR MR REGE BIE D, 58 280 BT
TR ) B F2E A% T PN RS A ) 1A

(18)

iy
SoMEMp = Gy, (19)

2 eqeq

At Gy BT BT R, o 5 6053 1 2T )
AT 06 717 5 5 4 SO 0 26 00 25
Loy 9 BT E K JIE , 7 T VS 8 TE A K IE Sy 3
PRI 7 AR S 5 xR A
P I 8 TR, S FAE AR 0 R 2
. SR TR P 3505 3 R0, T g 4505 75
-

Xl —xi)
e (=)
SR 43 2 10 A B 5 4
B GRS, 5251

(i=Lt,z,mk=tc) (20)

ik

eq —

Vi (=Lt zmk=tc) (21)
wE 2Gy Dk
eq oik

20220950-10



B B TR =GR L SRS ARk S TN

8 FRBGEXBIZEM IR ILEN L H

Table 8 Equivalent displacement and equivalent stress for different damage modes"*
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Table 9 Characteristic parameters of the parametric model for 3D woven composites
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Fig. 8 3D woven composites RVE model with different input parameters
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Fig. 9 Prediction results for 3D woven composite under tensile

load in the warp direction
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Fig. 10 Damage evolution of 3D woven composites
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