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Buckling Behaviour of Stiffened Composite Tail
Panel Subjected to Shear Loading
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Abstract: In order to determine cross-section size parameters of the tail panel of a certain aircraft and val-
idate the reliability and accuracy of the p-version finite element method, the buckling behavior of stiff-
ened composite tail panel subjected to shear loading is studied by finite element analysis and testing.
Study results show that the good correlations between the numerical results and the test results are ob-
tained, which proves that the model can be effectively used in the engineering applications related to the
buckling behavior of stiffened composite panel subjected to shear loading; the typical failure mode of the
specimens is debonding of the skin and stringers; when the cross-section area of the stringers/skin is ap-
proximately equal, the cross-section of the skin is the major factor effecting the buckling load, but has
little influence on the buckling modes.
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Tab.1 Mechanical properties of the prepreg
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Tab.2 Dimensions of stiffened composite tail panels
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p o R ’ 0 ' 2.58 2.58 4
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Tab.3 Stacking sequence of skin and stringers
o R i
A T, T, Ty (T))
1 [45/0,/—45/90/0/—45/0], [45/0,/—45/90/0/—45/0]. [45/0,/90/—45/0],
2 [45/0,/—45/90/0/—45/0], [45/0,/—45/90/0/—45/0], [45/0,/90/0/—45/0],
3 [45/0,/—45/90/0/—45/0], [45/0/—45/90/0], [45/0,/90/—45/0],
4 [45/0,/—45/90/0/—45/0], [45/0/—45/90/0], [45/0,/90/0/—45/0],
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Tab.4 Ratio of cross section area between stringers and skin
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Fig. 2 Finite element models and the constraints

i

&3 A MR i A BE AR Y B 2 e s A
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Tab.5 Predicted buckling load of the stiffened panels
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Tab. 6 Test results of the fracture load and the buckling load of the specimen

e 1 g5 2 453 454

A9 37N Jee Hh 37N Jee Hh 37N Jee Hh 37N Jee Hh
B /kN 2 /kN BT /kN AT /KN B AT/ kN #HAT/kN 2 /N 3 /kN

1 344 335 352 337 305 % 267 244 204

2 319 314 339 296 252 174 271 190

3 327 313 339 333 268 177 280 188

4 310 291 328 325 254 184 279 189

S H 325 313 339 323 258 179 268 193
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Tab.7 Comparison of the buckling load between the

4.1

test results and the numerical results
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Tab.8 Effect of ratio between cross section of stringers and skin on properties of specimens

M5 1 2 14 2 AxFe/ % 3 4 S 4 X/ %
#5743 1 1 A2/ mm> 614 710 16 526 607 16
2% 1z 3| 1 1 A/ mm? 1236 1236 0 1025 1025 0.0
Ll A1) A 2% 300 T TR B/ SR IR R ABD 0,50 0.57 14 0.51 0.59 16
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B 5R 2 77 i B (5 / kN 325 339 4 258 268 4
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Tab.9 Effect of ratio between cross section of stringers and skin on properties of specimens

45 1 1 141 4 45T/ %
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i 38 4 1) 1wl 1 AR/ mm® 1851 1632 18
Jet ot 22K oy 106 1E /KN 313 193 —39
% IR 38 A 1l 36 {6 / kN 325 268 —17

TE A 4 L = (4 GUEUE — 1 V8D /1 U » 10006, 515 FOR BRI



56 M

EHA A A BERET R AT BE AR B U RS E

819

5 HRIE

AR p B BROCIE T T 2 A MR
Jon 7 B AR 5 D) Ja ifhy 2R A L AR i i R AR G M
BE- 2 0 A BE Al 5T U il 2 A XA R OT2S BE AT
TEE. BUELER KN, p B IR IT o M7 i e] LA
15 A8 10 58 B A b RE T 2 T A BE AR BT U0 AR R P 43
M. FEBTVIERATE R 2 A BRHT R s BE Az i
T AR 2 52 Bz 55 1) 2% R BT SR 5 R R 7 2% B
s Forpr, S5 JRE R 5 R 3 30 4 T il 8 A 5 0 2R 2K e
AR H B2 30T 5 A8 R 3 52 R 00 1 Bk IR A7 K 24 LL Ja ity
BT 3020 ~40% . FE A A% 5 AR/ 5 R )
TR0 AR AR [R5 B0 T o 52 B0 1 22 i i B A 1) 52
Bz A AR PR s FL 32 5 U0 BT 1M R L (EUxE SL U
B LA R . %5 A MR R T i BE A 1
WA (Ll 44 kN, 0] UL, 255 25 [R 45 1 5 5 F
AREBETT 5 3 AL i A R R A T

S % k-

(1] PEMEFRR. a8 msatFIIMIL
AU Az Tl Rk, 2001 93,

(2] BMIRLTT/N B0, 56 BOREF R n il BE A A2

PR BEFELT]. HUARRL 2 5 5 AR, 2009, 28(9):
1190-1193.
MU Penggang, Wan Xiaopeng, ZHAO Meiying. A
study of the stability of composite stiffened plates
[J]. Mechanical Science and Technology for Aero-
space Engineering, 2009, 28(9). 1190-1193.

(3] FLE, £&4&, FMHE, 55 28R Infj B

MR o BT LT . W ) 227 ik, 2010, 27(2) « 423-
427.
HUO Shihui, WANG Fusheng, WANG Peiyan, et
al. Stability analysis on the ribbed panel of the com-
posite wing [J]. Chinese Journal of Applied Mechan-
ics, 2010, 27(2) . 423-427.

L4] AT B Je. MHIM, &K, . HiFSEE SN

AT RE AR BT U0 AR 2 RE 1 B s e LT 1. HLAR R AR,
2015, 39(9) . 49-52.
HE Lvlong, SHANG Bolin, CHANG Fei, et al.
Effects of stiffener parameters on shear carrying ca-
paciy of composite stiffened wall panel [ J]. Materials
for Mechanical Engineering, 2015, 39(9) . 49-52.

(5] ZiRup, ZUEM, WK, S5 G BRI A BE AR 45
Ja it 5 S it gy B LT B RO A R R S o

(6]

7]

[8]

(9]

[10]

(11]

[12]

[13]

2016, 48(4): 563-568.

LI Lekun, LI Shulin, CHANG Fei, et al. Buckling
and post-buckling of composite stiffened panel under
compresion [J]. Journal Nanjing University of Aero-
nautics & Astronautics, 2016, 48(4): 563-568.

TRE ML, IMVRAE . Ih bR B2 G R R AT BE A BT 1) ik
WiIRE 5 )5 JE - Hr L)), MUORL2E 58 AR, 2016,
35(8): 1280-1285.

ZHANG Guofan, SUN Xiasheng, SUN Zhonglei.
Failure test and post-buckling analysis of composite
stiffened panels under shear load [ J]. Mechanical Sci-
ence and Technology for Aerospace Engineering,
2016, 35(8): 1280-1285.

ZIMMERMANN R, KLEIN H, KLING A. Buck-
ling and post-buckling of stringer stiffened fiber com-
posite curved panels-tests and computations [ J .
Composite Structures, 2006, 73(2):150-161.

KONG CW. LEEIC, KIM C G, et al. Postbuckling
and failure of stiffened composite panels under axial
compression [ J ]. Composite Structures, 1998, 42
(1) 13-21.

BENEDIKT K, EELCO L J, RAIMUND R. Semi-
analytic probabilistic analysis of axially compressed
stiffenedcomposite panels [ ] .
tures, 2012, 94.:654-663.
RICCIO A, RAIMONDO A, SCARAMUZZINO F.

Composite Struc-

A robust numerical approach for the simulation of
skin-stringerdebonding growth in stiffened composite
panels under compression [ J]. Composites: Part B,
2015, 71, 131-142.

MARGARITA A, EELCO J, SINA H, et al. Effi-
cient progressive failure analysis of multi-stringer
stiffenedcomposite panels through a two-way loose
coupling global-localapproach[ J]. Composite Struc-
tures, 2017.

MR &, R ox, Lk, 5. 5 B A % b =8
i1 b e 2 B Rk I A AR S R A AT ). rE et
fiiL 28 LR K 24, 2017, 41(1) . 76-82.

CHEN Jinrui, CHEN Puhui, SUN Bin. et al. Local
buckling analysis of axially compressed stiffened lam-
inated panels considering rotational restraint of stiff-
eners [J]. Journal Nanjing University of Aeronautics
&. Astronautics, 2017, 41(1); 76-82.

SZABO B, BABUSKA 1. Stress check release 9. 0
master guidel M. [S. 1. ]: Engineering Software Re-
search & Development Inc. , 2009.



820 [ O R /A S N S ¢ 549 B




