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Shear Post-Buckling Behavior of Quartz Fiber and Carbon Fiber Hybrid
Stiffened Panels
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(1. College of Aerospace Engineering, Nanjing University of Aeronautics &. Astronautics, Nanjing 210016, China;
2. College of General Aviation and Flight, Nanjing University of Aeronautics &. Astronautics, Nanjing 211106, China)

Abstract: The ultimate bearing capacity of quartz fiber and carbon fiber hybrid stiffened panels under shear
load is studied and its damage mode is analyzed. The two-dimensional Hashin criterion and the secondary
nominal stress criterion are used as the in-plane and interlaminar failure criteria of hybrid composite stiffened
panels. Thus, a shear failure analysis model considering progressive damage is established, and the hybrid
stiffened panels is modeled and solved on the ABAQUS finite element software platform. The shear tests of
quartz fiber and carbon fiber hybrid stiffened panels are carried out to measure their failure loads and obtain
their typical failure modes. The relative error of buckling load and failure load between simulation results and
test results is within 15%, and the failure mode is consistent, which verifies the feasibility and effectiveness
of the modeling and analysis method.

Key words: composite materials; stiffened panels; failure modes; progressive damage; post buckling
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JZ B AL R AL BT I SR J-299 RS 5 RE A i %
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Table 1 Engineering constants of quartz fiber and car-
bon fiber unidirectional composite materials
NN Ell/ E’ZZ/ E%/ GIZ/ GIB/ GZ’%/
R GPa GPa GPa GPa GPa GPa "
ker4E 120 8.8 88 85 85 82 0.1 0.1 0.31
Y
s 40.46 9.61 9.61 4.88 4.88 4.5 0.07 0.07 0.45

Vi Uss

R 7E HL R BE T 1] 43 R 34N R A3 - A0 BE AR 4 X
B, % 2T 4 X 3 A e A7 0 2T i X 05 e T 41X
BAR L3S H 0 X I, T I 7 2% 1l J2 055 o [ 45/
—45°/0°/—45°/0°/90°/45° 15, i1 14 )2, B2 B
0.125 mm, 2 JE & )& 1.75 mm ; BE M 4 G 35 £F 41X
B Z Y A [45°/ —45°/0°/—45°/0°/45°/90°/0 ],
HiH 162, B EEE 0.25 mm, M JEJE & 4 mm ; B
M 1 e £ 4k DX 3058 )2 05 SRy [45°/ —45°/0°/ — 457/
0°/45°/90°/0° ], 3631 16 )2, )2 JE E 0.125 mm, &
JE B R 2 mm s BE B 9 A 95 2 Ak 5 i £F 2 VR %3S 42
X ol i J2 0 L3 2, AR R 6 mm,

F2 ARAKRSHAUBETEREHEIRF
Table 2 Layering sequence of mixed junction area of

quartz fiber and carbon fiber

AYgYE )z WEMAE/C) | mEgEE BERAE/C)
1 45 2 45
3 —45 4 —45
5 0 6 0
7 —45 8 —45
9 0 10 0
11 45 12 45
13 90 14 90
15 0 16 0
18 0 17 0
20 90 19 90
22 45 21 45
24 0 23 0
26 —45 25 —45
28 0 27 0
30 —45 29 —45
32 45 31 45

IR 4 AR B KON 450 mm, S5 R
450 mm, i & K 350 mm, i & Z [a] [] 85 K
150 mm, 2y T {8 T & H 1% e 15 0 2 9 in 22, 0 £y
SR R20 mm A9 1/4 RTE BT, 40P 1 TR .

1 ks R R

Fig.1 Dimension diagram of the specimen
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Fig.2 Installation form of stiffened panels
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Fig.3 Schematic diagram of measuring point position of

strain gauge
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(a) Local instability at the wall
panel in the carbon fiber area

carbon fiber area
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Fig.4 Typical failure mode of the specimen
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Fig.5 Load-displacement curves of the specimen
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Table 3 Buckling load value and failure load value of

three specimens

I g Ja T E A /KN BRI A /KN
1 178 262
2 171 260
3 169 250
B 173 257
BERE Y 2.7 2.5

K625 T R 1 7E 0 A7 4 X B TR 2 52
e DXl 2T Ak DX Ik 1 A3 A1 A 2o el AT 6 0T
VAF i, 0480 2 o /T 180 kIN I, B Al | i 28
£ 0777 1] (55 5 4% J7 1) 3 B, A8 R 5 R A
— 1) R 905 [ (55 i 25 75 [0 V47, NS v 25 FE 2
g —3) W R AR /IN T 45777 1] (B2 i R 2
—2) WY NS B e, 3R WD G B Bk e A BE AR I K 32
F1% 28467 32 2 O TG PN B BT VD G o X A% A% il R Y
IO AR BUAE , TH AR A T A T 2R 4 Bk AT A IR 2
B DX 3 O S 2 DX 3 e 4 A R U 2 4 AL
[Fi) 2H ol 5 B2 i R L I 5 v DAY ke 3 00 78 9 A X
BN 35 AFMN10%  11# 0 A J1 o3 B AL T 41 e 2F
Y DXFIRR 21 41X, J5E J3E 5 /0N i S5 B0 AL KB
A% 5HFN 85 973 Bl A7 TR 2% DX ) £4 iod 8 X
BTUTRIEE A 18R A% X5 5 21 4k XM I 27 4k X 2
(], A 0 pt et 57 FP [R5 8 o 25 0 48 1) 28 4er R T
180 kNI, 0°J [ A1 90°J7 [a] 14 1o 728 I i 384 T, i3 W]
WS PR B 28 Atk T i R AR, 5 A L RS - e
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(b) Load-strain curves of carbon fiber region
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(c) Load-strain curves of the mixed junction area
between quartz fiber and carbon fiber
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Fig.6 Ioad-strain curves of panel of specimen 1
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(a) Load-strain curves of middle rib
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(b) Load-strain curves of two side ribs
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Fig.7 ILoad-strain curves of rib of specimen 1
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(a) Overall model (b) Partial schematic diagram
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Fig.8 Finite element model of the specimen



% 6

Pl RS DA Y BT AR IR A AT BE A BT DD I it M RE I 1115

R4 BAKBRFHZNESH

Table 4 Mechanical property parameters of carbon fiber unidirectional tape

E,/GPa E,/GPa Uiz G1,/GPa Gip/(Nemm ) 'Gyo/(Nemm ) ' Gor/(Nemm ) ' Goe/(Nemm )™' @
120 8.8 0.1 8.5 18 18 1.5 1.5 0.8
X:/MPa X./MPa Y;/MPa Y./MPa S,,/MPa Sy/MPa it 7ic Nor N2c
1130 612 36.7 141 42 31.6 0.001 0.001 0.005 0.005
RS ARALBRTFNFEESH
Table 5 Mechanical property parameters of quartz fiber unidirectional tape
E,/GPa  E,/GPa Vi G,/GPa G/(N-mm) 'Gye/(N-mm) ' Gy /(Nemm) ' Goe/(Nomm) '«
40.5 9.6 0.07 4.9 15 15 1 1 0.8
X:/MPa X./MPa Y{/MPa Y./MPa S.,/MPa S.3/MPa Nir Nic Nt Nac
2 390 1342 62.9 211 62 101 0.001 0.001 0.005 0.005

x6 BRENFMESH

Table 6 Mechanical property parameters of adhesive

layer
E/ G/ t/  t=t/ G,/ G=G/
GPa GPa ”” MPa MPa (Nemm ') (Nemm )
3.2 123 0.3 208 35 1.035 1.315

F 4,5, a BTN X T T Yl A 850 5 )
Bl 5 Gir o GieGor Goe 53 51 9 90 ) it fift /. 445 Wy 4
Al A ) P/ R AR W R BE 5710 ) 1c v or e ST ARG
MENRUINIERE ¥ L Y N AR A UIVARSE 1Y % 88

R TR R e R A A BT A A
5 55 e EL 1 42 fih 1H 45 5 AE — R R AL B AT 2 1]
(A I 42 B IRT 8 (a) il ZRAh K 5 DX 38k . Gn &l 9
JE s gy G AE e BB oAb B A 4 A 2 B R
RP-1~PR-4, %J i & 2 vp e B0 £y i3 B0y 4 D184 .
e B 22 A4 W A F o A A AR 2 % s RP-LL
RP-3 b AR S ST AM RS . Je BT il 32
B S ES % S RP2 LIl HE ., kA
4 b A 28 s RS S AE 2% RP-4 b JF L
R T m g Ty USRI A ER R LR N 1) i fin
550 AR 1 1 57 B FH ARS8, 535 D1 3050 1 i 4

KO s R a4 A

Fig.9 Boundary conditions of the specimen

A B TR R T A 2% R BE AR 3 1 DX A
HER JZ 15 0 [ 5 1 3t 5 B AR 3 20 % BE R 5 mm
11T 7 B A V32 78 A )i 8 DX 3, LR R 4 Bl U2 19 2
S B S A, B A T HEB 20 B 2 DX 380 1

B0, I A LR R AR AL 5 1) (%) R A% ) 43 B 2O 1 mm.
Jin #5 p A PR oS R ] SC8R TG, I HoA B oo s
AU ] C3D8R HLIT , i J2 4 I 4% fih i o i —
4k Hashin #E W AE 0 &2 6 b0RLEF e fr it/ e 4 4K
PLAR /48 1 450 0 162 46 4 9l H e Ve vl o SR 2
R AT VEAE R A bR 4 4 T A R i K
% SCINE 3 1 DU A Sy B 2 4 A0 1) s S 4 FH 4 1
100 A 1 B-K W R B R )2 A AR
2.2 HESRHAW

X AT BR e A R AT e ith 23 T, A5 20 7 BE A 1Y)
— B Je il A A dn ] 10 By o, B il 2k far (E A
169.01 kN,

U,Magnitude
+1.000e-+00
49167601
+8.333¢-01
+7300e-01
+6.667e-01

Y

Z /4T Step-l
\X Mode 3:Eigenvalue-169.01
1O i fo B Al — v Jee ol A5 2

Fig.10 First-order buckling mode diagram of stiffened panel
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Fig.11 Load-displacement curves of finite element model
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Table 7 Comparison between experimental and simulat-
ed values of buckling and failure loads of stiff-

ened panels

R g 5 Jath 2 A A /KN WEIR e /kN
1 178 262
2 171 260
3 169 250
YA 173 257
i BRIt & 169 291
w2/ Y 2 13

TN 755 BE T A 545 0 R A SR 8 s o AT ER
TUII AT 45 R v nl DL Sk B i ity B A A B 070 28 A 1
& 2 A IR X g v 8] A 2% 5 RE AR £ 4 X I
JI5& 2 1458 7 14 A S 5 BE A A 2R JR O S BUAE A
K FORERE Sy, W AE 3 U1 B i FE v, WAE R A
BE B 27 2k 4 1 05 R 05 4 o iR X
5 B A 2 A AR B

RS MMATEMUHE IR TR

Table 8 Progressive damage process of stiffened panels

ELY B BT

WY R

EAR IR

A
+1.000e+00
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+8.333e-01
+7.500e-01
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176 kN

214 kN
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