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Numerical Simulation of Stitched Composite T-Joints Under Pull-Out Load

CHEN Shaoxiong, ZHU Shuhua, ZHOU Long, WANG Xingyu
(College of Aerospace Engineering, Nanjing University of Aeronautic & Astronautics, Nanjing 210016, China)

Abstract: In order to study the strengthening mechanism of stitching thread on the pull-out load-carrying
capacity of stitched composite T-joints, a finite element model of unstitched composite T-joints is established.
The numerical results are in good agreement with the existing experimental data. At the same time, according
to the translational symmetry of stitched composite T-joints in the width direction, a simplified model of
stitched T-joints is established by adding specific boundary conditions to the model boundary to simulate the
progressive damage process of the structure. On this basis, the effects of the position and cross-sectional area
of the stitching thread on the mechanical properties of T-joints under pull-out load are further studied. The
results show that the closer the stitching thread is to the triangle area, the more influence of the stitching
thread has on the maximum bearing capacity of the structure. When the stitching position of the stiffener and
skin is at the edge of the triangle area, the stitching thread with the smaller cross-sectional area will weaken
the bearing capacity of the structure, while the stitching thread with the larger cross-sectional area will greatly
enhance it.
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Fig.1 Schematic diagram of structural section
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Table 1 Mechanical properties of composite T700/

RTM3312A
< E(E)/ GG/ . .
E/GPa L0 Gpa Gu/GPa v, (v) vy
121 9.23 4.62 3.38 0.34 0.46
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Fig.2 Finite element model of unstitched T-joint
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Table 2 Parameters of Cohesive element

s r(z,)/ Gio/Je Gue(Gye)/
K/(Nem *) r,/MPa MPa m?) (o)
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Fig.3 Load-displacement curve and triangular interface

damage diagram of unstitched T-joint

GF 2P | Bl Ak SN2, o T = DXORI 4% 8] R R
2R B I & A IR, AR — R
IH o 2 A 235 g T B A 2 i ) A R i R R R T8)
[Fi) B e it 2 S 8 5, JHL 288 A o % o 2k 1 B 22 TR 4
WoEa ., HEMBI 5.8 mm AL, R C &y
Ji& 2 fify 45 22 0], I E— 2P ) A 4% R 5% R 3 4 O IR
PR, AT 5 B0k B FR 2 fr 11.8 KN Z J5 , 847 K
MR B A5 H 2k Jo k3R 1) o B PR OC R At 7
Il 2 s 2 5 Sk [ 12 vp S B it 36 2 st A 3
AW A, H 50 R 11.0 kNAUHH 22 7.27 %,
I 2 7 AR Y T PR T R R bR TR B0 R AR R ) 46 5
U 3 R 2 T A TR AR A T S Bk B A -
DL R A J7 1 S [ 96 UE 1 A SCr #Sr i T
TR BROCA AL Y T AT A Rk

2 BETHREEGHEINEASH M

&1L

TE 5 — 9 WF 98 09 SE Ak B W 45 4 TE R T 1) B8
SR GEL ST T A A TR B A PR TR AL, A
FH&E A T I 7 4 11 10 7 B8 S B M 4 5 113 485 449 7 )
R ik AR JE R AR T S AR R OCAR R
TN ISR GE LR 7 T A 72 2 2% SCRR[ 13 ], 1 BB
T 1S 56 500 FOL A B g, T 3 e 40 U8 A A A ) ik
X B R R AT A A e R R Rz N L TR
I BELR Y T I % B VR B R B & A Ak . B4
NS T E MR E R, Hob A 00 & 5
P, —REMAME R ER B EH R
Ny —REWA L EES AN EH L FRR.
A FR TR [ 5% A3 A I 5 B 58 A T O B

A, R[] — o B 1 53 %0 J5E B2 O 1] B B 26 Ol
R o BT A AR B T B 4% 2 7 98 T 7 [] 1 58 5
JE—B. [RIIS, O ORGIE S5 4 X FROR 3, 1l 4% FI 52 B
it 10 HE 28 4R 52 5, 1l 2% B0 s R — HiE g
2. SEL YN C3DSR Hou k8L, 5l f KWL 77
HENAE S R RCH I . SRR S B ER 3.

ik

(a) Schematic diagram of stitching
position of stitched T-joints
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(b) Schematic diagram of periodicity of stitched T-joints
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Fig.4 Schematic diagram of stitched T-joints
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Fig.5 Schematic diagram of finite element model of stitch-

ing thread
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Table 3 Mechanical properties of stitching thread

E,/GPa E./GPa G./GPa G./GPa o,,/GPa
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Fig.8 Simplified finite element model of stitched T-joint
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