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Bending Property of Composite Hat-Stiffened Panel with Pre-filled Blocks

DAI Zhengzheng, YU Zhangjie, ZHANG Qi, LU Fangzhou, CAI Deng’an, ZHOU Guangming
(State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing University of Aeronautics &

Astronautics, Nanjing 210016, China)

Abstract: The finite element analysis is used to predict the bending capacity and failure mechanism of
composite hat-stiffened panel with pre-filled blocks, and the experiment verification is completed. Firstly,
based on the finite element software ABAQUS, a solid finite element analysis model of hat-stiffened panel
with pre-filled blocks is established, and cohesive zone model is used to simulate the interface between the rib
and skin. At the same time, based on the Hashin and Tsai-Wu criteria, the user-defined material subroutine
(UMAT) is written. The results show that load capacity ,damage mechanism and failure location of the finite
element simulation are consistent with the results of the experiment, and the load-displacement curve is
roughly the same. When the ultimate load is reached, the rib fails at the junction of the chopped fiber block
and the foam in the form of “compression” , resulting in a decrease in the structural load-bearing capacity.
There is no debonding phenomenon between the ribs and the skin in the experiment and simulation.
Moreover, increasing the number of rib layers and the length of chopped fiber blocks can effectively improve
the structural load-bearing capacity.

Key words: composite materials; hat-stiffened panel; three-point bending; finite element simulation; failure

mechanism
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Fig.1 Schematic of hat-stiffened panel
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Table 1 Material properities of C3031/BA9916- Il

SR A
E,,E,/GPa 60
E.,/GPa 7.7
e 0.05
G,/ GPa 6.4
G =G,/ GPa 6.4
X;/MPa 630
X./MPa 520
Y,/MPa 630
Y./MPa 520
Z./MPa 50
Z./MPa 155
S,,/MPa 140
S.;/MPa 105
S,;/MPa 83
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Table 2 Material properities of chopped fiber block

E,/GPa G/GPa v o/MPa

30 5.2 0.3 180

&3 PMIEERMBIERESH
Table 3 Material properities of PMI foam

E,/MPa v o./MPa

65 0.3 1.49
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Table 4 Degradation mode of laminate

Failure mode Stiffness degradation

Tensile fracture of fiber E,=0.07E,
Compression fracture of fiber E,=0.14E,
[ — A
Tensile cracking of matrix Ezzio(ffi’g;(;?'ZG”
Compression fracture of matrix Ez=04Ey, G1=04Gn,
. GL=0.4G,

Delamination E3=Gp=Gy=vyy=v;=—0
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Fig.2 Three-dimensional solid model of hat-stiffened panel
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Fig.3 Loading diagram of finite element model
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Fig.4 Threepoint bending test diagram of hat-stiffened

panel
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Fig.5 Schematic of strain gauge locations of hat-stiffened

panel
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(c) Simulation results of M2 finite element
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Fig.6 ILoad-displacement curves of composite hat-stiffened panel by finite element calculation
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Table 6 Finite element simulation results of composite

hat-stiffened panel

Model Damage criterion Ultimate load /kN
Hashin 15.15
M1 )
Tsai-Wu 13.76
Hashin 24.13
M2
Tsai-Wu 22.82
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Table 7 Three-point bending test results of hat-stiffened

panel
Specimen Ultimate Average Coe-ffi‘cient of
load/kN load/kN variation/ %
M1-1 13.62
M1-2 15.18 14.60 5.8
M1-3 15.00
M2-1 23.39
M2-2 22.14 23.03 34
M2-3 23.57
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Fig.7 Load-displacement curve of M1 model (Hashin crite-

rion)
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Fig.9 Damage evolution process and corresponding stress contour of the first process in the second stage
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Fig.10 Contour of damage evolution for adhesive layer
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Fig.11 Damage evolution process of the second progresss

in the second stage of the rib
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Fig.12 Stress contour of the second process in the second

stage of the rib

XA AR S RO B T ok Pk B
3 25 TR W 728 1O 3 Bl B I 43457 7 4k 28
ii]ﬂ,,ni"ﬂ)} EAR LR, 52 B A TR
R SRR N ) 2 RN R 13 iR s AL RS B &

S,/ MPa S,/ MPa
+3.001e+02 +4.310¢+02
+21747¢+02 +31932¢+02
+2.493¢+02 +35540+02
+2238¢+02 +3176e+02
+1.984¢+02 +2.798¢+02
+1.7300+02 +21420e+02
+1.4760+02 +2.042¢+02
+1221e+02 +1.664¢+02
+9.672¢+01 +1286¢+02
+7.130e+01 +9.076¢+01
+4587e+01 +5295¢+01
+2.045¢+01 +15515e+01
~4.9766+00 -22266¢+01

(@ F=615kN,U=75mm  (b) F=723kN, U=11.5mm
BI13 525 3K B ) = [

Fig.13  Stress contour of the skin in the third stage
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Fig.17 Schematic of damage positions of hat-stiffened panel
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Table 8 Comparison of strain values and simulated val-
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Table 9 Model parameters and ultimate loads of different models

Model M1-0 M1-60 M1-100 M1-120 M1-140 M1-400
Length of chopped fiber block/mm 0 60 100 120 140 400
Ultimate load /kN 3.59 11.70 15.15 16.95 18.45 24.20
30} 3 % e
g 7 (1) AR SCHE S T 4 BSOS bR I R 267
g 201 SERAE A BT ABAQUS # 4, M4 & 4 4 kL 2
g 15 JZ# Hashin, Tsai-Wu R ZCH i, i 5 UMAT 72
£ 1o} R L2 4R B X MR A A DR TE M . % L e
st A RERHIE R B A B il IR S R Bk ) R AT
0l . . . . T, 45 3] B 5 B A2 5 b R Y S A Bl -
0 100 200 300 400

Length of chopped fiber block / mm
P18 AR B ddfor 55 L DI 2F 2 e G R 2k
Fig.18 Relationship between the ulimit load and the length
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