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Abstract Composite stiffened panel structure is widely used in modern aircraft, which is prone to buckling under working

conditions. A large number of tests show that the aircraft composite stiffened thin-wall structure has considerable post-buckling

bearing capacity. The design scheme of the stiffened fuselage curved panel with inner cladding and without inner cladding was

proposed. The buckling load, bearing capacity and failure mode of the two kinds of curved panels with inner cladding and without

inner cladding were calculated by using Abaqus under axial compressive load, pure shear load and compressive shear combined

load. In the model, the Tsai-Wu criterion was used as the failure criterion of composite materials, and the damage evolution was

realized by the subroutine Usdfld. It is found that the inner cladding of the hat stringer can significantly improve the post-buckling

capacity of the structure and prolong the post-buckling process.
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Fig. 1  Multi-axis load test system
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Fig.2  Applying method of the axial load
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Fig.3 Applying method of the shear load
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&1 CCF300/BA3202 #1155
Tab.1 Material parameters of CCF300/BA3202

®2 FEFESH

Tab.2 Characteristic parameters of the interface

ZH Parameter {H Value 2% Parameter {8 Value

2 [a] FPERSE Longitudinal elasticity modulus E,,/GPa 121. 6 G Elasticity modulus E/GPa 2 000
1] i%fﬂi*ﬁﬁ Transverse elasticity modulus E,,/GPa 8.44 TR EE Poisson's ratio v, 0.3

T N BY PIBL: In-plane shear modulus Gy,  GPa 4.2 55— 7 [ BT YIHRAE Primary shear strength S,,/MPa 45
JAFA L Poisson’s ratio v, 0.305 e L

YA PL R Longitudinal tensile strength X;./MPa 1828.2 BT B VIRBL Secondary shear strength S5/ MPa »
YA FE4R 58 % Longitudinal compressive strength X./MPa 1298 PRI AR Normal tensile strength S33/MPa 30
FE IR HR ) Transverse tensile strength Y,/ MPa 85. 86 DRI APERE [ REACH Energy release rate of mode I Gy 0.27

F 18] FE 4558 J Transverse compressive strength Y/MPa 251 PRI RE L BEICE Energy release rate of mode 11 Gy, L9
TIPS UJ38  In-plane shear strength S/MPa 78.9 MR RE R HICR Energy release rate of mode Il Guc 1.9

®3 ABAMMEN G HIRHHE

Tab.3 Layers of curved fuselage panels for two kinds of configurations of A and B

F# Configuration {7 Location

JEEJF Thickness/mm

#iJZ Layers

2= .
57 Skin
A .
A . £ Stiffener
Configuration A
Jins& A Reinforced pad

5% Skin

B A%y KA Stiffener

Configuration B WAL Z Cladding layer

Jins& A Reinforced pad

2.35
1.705
4.11
2.015
2.17
0.233
4.11

[45/-45/0/-45/90/45/0/90] ¢
[45/-45/90/-45/45/0] ¢
[45/0/-45/90/45/0/-45/90/45/0/-45/0/90] g
[45/-45/0/-45/45/90/0] ¢
[45/-45/0/-45/0/45/0] ¢
[+45]
[45/0/-45/90/45/0/-45/90/45/0/-45/0/90] g

2 BHIRTEE

2.1 ##E
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Fig. 5 Finite element model of the test piece

B A RTREE

R G i e IS EC AR I L RS VAR L =R
AR AT T A BROTEEB A A A

SR AT X 1 S 45 S i A R AT [ S 297K
iz b 2t 3 23 (2 K 28, TR BR A R 5 1) A
T 77 10 B3 B i RE RIS 3l 8 i B2 s Al T
S ANE SR E B LA AL T R J5 1 B3 A

wT%

Twist strip

(a) AV USE; S5 AT

(a) Stiffener section of configuration A

RS

Inner cladding

i

Twist strip

(b) B AL 5 S AT

(b) Stiffener section of configuration B

6 A BROTR A
Fig. 6 Schematic diagram of finite element

of the stiffener section

BER T J5 I BEE S A I 1817 SRl S R s

B 7 G 30 A S A A
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Fig. 8 Simulated load and boundary condition of the pure shear test
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Fig.9 Simulated load and boundary condition of the

compression-shear test
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Tab.4 Mechanical properties of M21E/IMA composite

E,/GPa E,/GPa G,/GPa v, X;/MPa  X./MPa
154 8.5 4.2 0.35 2610 1450
[ Gre/ G/
Y./MPa  Y./MPa S, /MPa b e« )
(kJ/m*)  (kJ/m”)  (kJ/m™)
55 285 105 75 50 0.374
Gue/ k/
) N/MPa T/MPa S/MPa 3 n
(kJ/m~) (N/mm”)
2.48 56 115 115 1x10° 2

£5 NMHHRHEER

Tab.5 Layers of the curved fuselage panel

fHi7na JEEE 2 P

Location Thickness/mm Layer sequence
o
L 2.21 [45/-45/-45/90/45/0]s
Skin
J.&ﬁj 1. 66 [45/0/0/-45/90/-45/0/0/45 ]
Stiffener
£
He A 2.58 [45/-45/0/90/45/-45/0]s

Circle, corner bracket
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Fig. 10  Compressive buckling modal of the curved fuselage panel
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Fig. 11 Compressive failure mode of the curved fuselage panel
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Fig. 12 Shear buckling modal of the curved fuselage panel
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Fig. 13 Shear failure mode of the curved fuselage panel
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B4 i AL Initial buckling point

(a) 947 kN (b) 1157kN
(¢c) 1245kN (d) 1446kN

P14 A R R AR e 4 80 T ) el D AR
Fig. 14  Post-buckling process of the configuration A curved panel
under compressive load
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Fig. 15 Load-strain curve at initial buckling spot of the configuration

A curved panel under compressive load
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(a) Composite damage range (b) Interface debonding range
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Fig. 16 Initial damage range of the configuration A curved panel under

compressive load (load to 1 247 kN)
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Fig. 17  Final failure mode of the configuration A curved panel under

compressive load(load to 1 446. 09 kN)
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Fig. 18  Post-buckling process of the configuration A curved

panel under shear load
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Fig. 19  Load-shear strain curve at initial buckling spot of

the configuration A curved panel under shear load
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Fig. 20 Initial damage range of the configuration A curved panel under

shear load (load to 668.5 kN)
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(b) FH B RG Y B
(b) Interface debonding range
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(a) Composite damage range
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Fig.21  Final failure mode of the configuration A curved panel under

shear load (load to 746. 5 kN)
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Fig. 22 Post-buckling process of the configuration A curved
panel under the combined load(N,:N, =1: 1)
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Fig. 23 Load-shear strain curve at initial buckling spot of the configuration

A curved panel under the combined load(N, :N, =1 1)
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Fig. 24 Initial damage range of the configuration A curved panel under the

combined load (N, N, =111, compressive load=998. 6 kN)
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Fig. 25 Final failure mode of the configuration A curved panel under the
combined load (N, :N, =1: 1, compressive load=1 107. 1 kN)
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Fig. 26 Post-buckling process of the configuration A curved

panel under the combined load(N, :N, =2 1)
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Fig. 27 Load-shear strain curve at initial buckling spot of the configuration

A curved panel under the combined load(N, :N, =2 : 1)
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(b) T Fhi K i Fl
(b) Interface debonding range
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(a) Composite damage range
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Fig. 28 Initial damage range of the configuration A curved panel under

the combined load (N, :N, =2 : 1, compressive load=1 278.3 kN)
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Fig.29 Final failure mode of the configuration A curved panel under the
combined load (N, :N, =2 : 1,compressive load=1 477.7 kN)
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Fig. 30  Post-buckling process of the configuration B curved panel

under compressive load
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Fig.31 Load-strain curve at initial buckling spot of the configuration

B curved panel under compressive load
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Fig. 32 [Initial damage range of the configuration B curved panel under

compressive load (load to 1 721.4 kN)
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Fig. 33  Final failure mode of the configuration B curved panel under

compressive load(load to 1 905. 51 kN)

4.2.2 BB

B Fy AU ARZE BT I 48r T ) J5 et ith DD #2081 34 B
7~ BTG T A5 0% 2 ey -5 1 AR il 2 n il 35 BT, %0
AU aR T 2 478. 6 kN, fINZR % 673. 4 kN I RE
M BT B0, W0 s 40053 L an 1 36 B, A BRIt
WP B R 2t A 731.9 kN i e 1,53, #%
LN E 37 o, HE 37 RIAL B AR A
TES IR T e 2 R IR R KA RN 52 K VR R
Tl T, A ATRNSRE B [ 4 e 2 S T A 244
4.2.3 EHEASHEM(ETILAL: 1)
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B il il bucking poin i TR RSB o KT RISE B R 07 4787
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Fig. 34 Post-buckling process of the configuration B curved panel
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Fig. 38 Post-buckling process of the configuration B curved panel
under the combined load(N, :N, =1: 1)

under shear load
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Fig. 35 Load-shear strain curve at initial buckling spot of L \
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the configuration B curved panel under shear load
Fig. 39  Load-shear strain curve at initial buckling spot of the configuration

E B curved panel under the combined load (N, :N, =1:1)
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Fig. 36  Initial damage range of the configuration B curved panel under

shear load (load to 673. 4 kN) 40 BARIMARTEIRSTLE 1 1 48 FASRILARIRER (A1 012.3 kN)

Fig. 40 Initial damage range of the configuration B curved panel under the

E combined load (N, N, =111, compressive load =1 012.3 kN)
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Fig.37 Final failure mode of the configuration B curved panel under (a) Composite damage range (b) Interface debonding range

shear load (load to 731. 9 kN) B4 B HRIRAETEITEL 1 : | BT F IR (AR 12641 kN)

432.2 kN ):. EEH [:Ej‘:’ 1.75, =] zg E"Jﬁﬂi%ﬁiﬁﬁﬂ 41 Fig. 41 Final failure mode of the configuration B curved panel under the
Firs . il 41 wTgn B A BRI AR AR R BT LE N 1 ¢ 1 3k

combined load (N, :N, =1 : 1,compressive load =1 264. 1 kN)
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4.2.4 EHIEBT(EFILA2:1)
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Fig. 42 Post-buckling process of the configuration B curved panel
under the combined load( N, :N, =2 : 1)
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Fig. 43 Load-shear strain curve at initial buckling spot of the configuration
B curved panel under the combined load(N, :N, =2 : 1)
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Fig.44 Initial damage range of the configuration B curved panel under the
combined load (N, :N, =2 : 1, compressive load=1 321.4 kN)
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Fig. 45 Final failure mode of the configuration B curved panel under the

combined load (N, :N,, =2 1,compressive load=1 628.4 kN)

A B PIRPFIEL TR 730 47. 44 46. 81 kg, 53K
i TOUN A LR 6, ik 6 Al M, & M= B
PR AR MRS R TR 35 52 5 00 T4 A H5Y
PIARTE BT B RIS T A MR R4y T 40
T, B AR A LU A T R

K6 AIEFN B HIBIMERELLER

Tab.6 Performance comparison between the configuration A and configuration B

2845 T Loading condition PEREKF Performance level

A )54 Configuration A B #4% Configuration B H.%¢ Comparison/%

B FROR R fE
R4 Ultimate capacity/kN
Compression HE
Capacity-weight ratio
e FR A 2 fiE
B Ultimate capacity/kN
Shear HE
Capacity-weight ratio
P BRAEAE T3 (JE46)

R Ultimate capacity ( compression ) /kN
ORI : 1) e BR AR RE ST (B547)
Combined load Ultimate capacity ( shear) /kN

(NN =11 1) )
Capacity-weight ratio( compression )
B FRORRBE ST (1E47)

EN A Ultimate capacity ( compression ) /kN
(FEBfLE2: 1) KR AR IRAE ST (557)
Combined load Ultimate capacity ( shear) /kN

(=25 1) BT (RS

Capacity-weight ratio( compression )

1 446. 1 1905.5 31.77
30. 48 40.70 33.55
746.5 731.9 -1.96
15.74 15. 63 -0. 66
1107.1 1264.1 14. 18
382.5 432.2 12.99
23.34 27.00 15.70
1477.1 1628.4 10. 24
288.4 319.6 10. 82
31. 14 34.79 11.71
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influence on the debonding of hat-stringer stiffened composite panels
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