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Local buckling updating engineering method of hat-stiffened composite

panel based on flexural stiffness ratio

ZHANG Qingmao', CHEN Jinrui' , KONG Bin"?, BAI Ruixiang® , HUANG Xiaodi®, LIU Wenhao®
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3. State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian
University of Technology, Dalian 116024, China)

Abstract: In order to improve the accuracy of local buckling engineering method of hat-stiffened composite panel,
the stability experiment of typical panels under axial compression was first carried out, and then an updating engi-
neering method for local buckling of hat-stiffened composite panel based on flexural stiffness ratio was proposed.
The predicted buckling loads differ less than 3% from experimental results. The buckling analysis of two kinds of hat-
stiffened panels with bottom flange was carried out by finite element model (FEM) method and the updating meth-
od this paper proposed comparatively. The error of compared results is within 10%, which verifies the reasonable-
ness of the proposed method and satisfies the engineering accuracy. Experimental data recorded in public litera-
ture were analyzed by engineering simplified method, energy method and the updating method this paper pro-
posed comparatively. Results show that the error by engineering simply and fixedly supported boundary conditions
can be reduced from 41.5% and 5.3% to 3.8% respectively, which provides a new rapid analytical method for preli-
minary design of hat-stiffened composite panel.
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Table1 Lamina material parameters

Material E;;/GPa E,,/GPa G,,/GPa Via

X850 162.0 9.1 4.6 0.331

Notes: E;,—Elastic modulus in fiber direction; E,,—Elastic modu-
lus transverse fiber direction; v,,—Poisson’s ratio; G,,—Shear
modulus.
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(b) Specimen 2*
F 1 ZapRHRTE s s R

Fig.1 Sketch of hat-stiffened composite panel specimens
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Fig.2 Sectional dimensions of hat stiffener
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Fig.3 Photo of test of hat-stiffened composite panel

under axial compression
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(a) Location of strain gauge on stiffened panel
—-
W —
10 cm

(b) Location of strain gauge on metal frame

1

(c) Serial number of stiffener strain gauge

L—Distance between two horizontal frames; L;, L,—Distance between
the edge of the glue filling end and the bottom edge of the transverse
frame
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Fig.4 Sketch of strain gauge
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Table2 Coding method of strain gauge

Coding

Coding

. - Coding method
location meaning
First Specimen 1—Specimen 1% 2—Specimen 2*
number number
Second . .
number Part type 1—Skin; 2—Stiffener
Third Row number 5 rows on skin, 5 rows 01.1 stiffeners, 2

. rows on 2 frames, counting from up to

number of strain gauge

down respectively
4 columns on inner skin, 9 columns on

Column . .

Fourth outer skin, 5 columns on 5 stiffeners, 4
number of .

number - columns on frame, counting from left to
strain gauge

right respectively
Strain gauge

Fifth on inner skin 1—OQuter skin; 2—Inner skin
number .
or outer skin
Sixth Strain gauge 1—Crown; 2—Left web; 3—Right web;
locationon  4—Left bottom flange; 5—Right bottom
number .
stiffener flange
Seventh Strain gauge 1—0° direction; 2—45° direction;
number direction 3—90° direction
2 000
(a) Specimen 1%
315 kN
0
£ —— 1123111
S 2000 | —— 1124111
B 1125111
a —— 1126111
1127111
4000  —— 1122211
—— 1123211
—— 1222211
—— 1223211
-6 000 - _'_122.4211 . . .
100 200 300 400
Load/kN
3000
(b) Specimen 2* —— 2143111 —— 2144111
2145111 ——2146111
2000 F 2147111 ——2142211
—— 2143211 ——2242211
1000 F —— 2243211 ——2244211
5
g 0
g
7
-1 000
-2 000
73 000 1 1 1 1 1
50 100 150 200 250 300
Load/kN

Bl 5 AR A AR F - A2 2k

Fig.5 Load-strain curves of hat-stiffened composite panel specimens
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(a) Mesh of FEM

K6 SAMEHRIEmAIBA RIC (FEM)
Pk K AR (L 1730 A )

(b) Buckling mode of FEM

Fig.6 Mesh and buckling mode of finite element model (FEM) of hat-

stiffened composite panel (Specimen 1 for example)
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Fig. 7 Axial compression K-A curves of orthotropic rectangular plates
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Table 3 Comparison of calculated and experimental values of local buckling load of hat-stiffened composite panel

Engineering simplified

No. D Experimental method/kN Updating Brror/%
bucklingload /kN  gimply Built-in method/kN Simply Built-in Updating
supported supported method
1¥ 3.501 315 249 383 312 -21.0 21.6 -1.0
2 3.456 185 154 244 189 -16.8 31.9 2.2
Note: D—Flexural stiffness ratio.
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Fig.8 Sketch of finite element models of two kinds

of hat-stiffened panels
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Table4 Geometric parameters of finite element models of
hat-stiffened panels with three stiffeners

Type a/mm B/mm b,/mm b,/mm b/mm 6/(°) bs/mm

1 300 278 10.4 10.7 16.5 82.9 70
2 590 532 25 33 25 60 103

Notes: a—Length of stiffened panel; B—Width of stiffened panel;
b.—Width of stiffener’'s crown; b,—Width of stiffener’s web;
b—Width of stiffener’s bottom flange; 6—Angle between stiffener’
s web and skin; b,—Width of skin adjacent stiffener.
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Table 5 Lamina material parameters of hat-stiffened panels
with three stiffeners

Type E;,/GPa E,,/GPa G,/ GPa V12
1 98 10.8 5.2 0.31
2 154 8.5 4.5 0.35

ﬂfl : m

Ko BRI R T SHOR
Fig.9 Cross section of hat-stiffened panel
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Table 6 Stacking sequence and thickness of finite element models of hat-stiffened panels with three stiffeners

Skin Crown Web Flange

No. . Total . Total . Total . Total
Stacking thickness/ Stacking thickness/ Stacking thickness/ Stacking thickness/
sequence sequence sequence sequence

mm mm mm mm

11 [45/0/0/-45/90], 1 [06/-45/45,/-45,]; 2.8 [-45/45,/-45,], 1 [_%5//_:%?52/ 15
[45/0/-45/90/ [05/-45/45,/

12 45/ 4500, 1.4 [04/-45/45,/-45,), 2.8 [-45/45,/-45,]; 1 “45/-a3), 15

[45/0/90/0/-45/ [45/0/90/0/-45/ [45/0/90/0/-45/

13 [0/90]; 12 0/45/90], 15 0/45/90], L5 0/45/90], L5
[45/-45/-45/

2.1 90/45/0], 1.2 [45/0/0/-45/90] 0.9 [45/0/0/-45/90] 0.9 [45/0/0/-45/90] 0.9
[45/-45/90,/

2.2 45/0/90/0], 1.5 [0/45/0/0/-45/45]; 1.2 [0/45/0/0/-45/45]¢ 1.2 [0/45/0/0/-45/45]¢ 1.2

0g [U5/-45/90,/45/ ) [45/0/0/-45/90], 0.9 [45/0/0/-45/90], 0.9 [45/0/0/-45/90], 0.9

0/90/0];
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(a) Model 1.1 (b) Model 1.2 (c) Model 1.3

(d) Model 2.1 (e) Model 2.2 (f) Model 2.3
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Fig. 10 First order buckling modes of two kinds of hat-stiffened panels
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Table 7 Comparison of calculated and FEM values of local buckling load of two kinds of hat-stiffened composite panels

Engineering simplified

FEM . method/kN Updating Error/%

No. D buckling - method /KN o ;
load/kN Simply Built-in Simply Built-in Updating

supported supported method

1.1 2.750 13.0 7.7 13.1 14.2 -40.8 0.8 9.2

1.2 4.713 38.5 15.9 29.0 38.1 -58.7 -24.7 -1.0

1.3 4.842 23.9 9.4 19.1 26.0 -60.7 -20.1 8.8

2.1 4.014 26.4 16.0 24.7 279 -39.4 -6.4 5.7

2.2 4.019 52.7 28.5 46.5 54.6 -45.9 -11.8 3.6

2.3 3.815 43.2 23.1 37.7 41.2 -46.5 -12.7 -4.6




SRS, A T o W L A R R R I AT A s 2 o TR A B T 6117 -

pn O
End M m ll
L-
Skin/ = 0°
— |
7 L
90°
Frame ©
ety S Llsises N 10 ] N 2 (e §8
Stiffener”]
[ | HER
l gl l Lgll Unit: mm

B =AAARE I S A R iR S M 7 R R
Fig. 11 Sketch of composite hat-stiffened panel with three stiffeners and

two frames
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Table 8 Comparison of calculated and experimental values of local buckling load of
hat-stiffened panels with three stiffeners and two frames

Engineering simplified

EXP ledr imental  method/kN Energy Updating Frror/%
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load/kN Simply Builtin method/kN method/kN Simply Builtin Energy Updating
supported supported method method
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A - S Sy
4 &R Bk T IE 7 1S BRI S, XA A R R

(1) X SRS A b RHIE TR I Al i 47 T Bl R AR
FEPEIR I, 4R T — 3 T g A A il KR B Y
526 MORMIE TR I A3 M 5% Bz Jm e it TR B E 1A
Tk, P Isom 6 Je 2 fer 5 A M R 25 A
3% AN .

(2) X F il 4 F 450 = 2 B2 A HRHIBIE
T A, R R A A3 AT D vk O TR S A R 2 A X
{8 A8 AR S (8 g 48.7%, N 30 18] 57 fige 5% 2 4 %t
18 19 5 AR B 0 12.8%, 2 BRI E /5 45 i 1k
KT —E AR, HERTRAESEMET
GRA S B R InsRAE R, R B A R —
R o B IE 7 1R R 25 2 XHE I 5 AR F- YA R 5.5%,

G A5 W9 S5 B RHIE R i foi Al A3 1] 400 4 ek o 2804 il
HA—ENSH L.

(3) X - ML 7 1yl R AE = A5 SR WRE i b, &
BT R R R 22 3.8%, HEEE LIHAN A Y,
FC T AR S AR 20 T 07 i A A v . TR T A o0 A O
IR, RO R TR 2R, ST TR
Br B4 M S BT R s B IE DT RS TR BB
Be a5 K 2 il o3 M RS PR VEAG T 5 RE VA A
X IR

S
(1] #%E, a7 6B CHLEHITTHM]. dEat: iz Tolk
H AL, 2002,



-+ 6118 -

EEMRER

YANG Naibin, ZHANG Yining. Composite aircraft struc-
ture design[M]. Beijing: Aviation Industry Press, 2002(in
Chinese).

CHRISTOS K. WHLE & Ras it 50 M]. BT, 1.
i BRSO A, 2011,

CHRISTOS K. Design and analysis of composite structures
with application to aerospace structures[M]. YAN Wanyi,
translated. Shanghai: Shanghai Jiao Tong University Press,
2011(in Chinese).

LIU X, HAN K, BAI R, et al. Buckling measurement and nu-
merical analysis of M-type ribs stiffened composite
panel[J]. Thin-Walled Structures, 2014, 85: 117-124.
ZEHER, . A PPEUIN AR S T SR T (7] 0
RIRHE A AR 1 RRIE ), 2017, 32(2): 52-57.

LI Lantian, ZHAO Xun. Reliability analysis of stiffened
composite plates with multiple failure modes[J]. Journal
of Hunan University of Science & Technology (Natural Sci-
ence Edition), 2017, 32(2): 52-57(in Chinese).

With, VA, SE AR 25 Ja il RS it i e A TR
JEWFFE (1], R AFRIEAR, 2008, 25(2): 178-187.

CHEN Wei, XU Xiwu. Buckling and postbuckling response
analysis of the doubly-curved composite shell by non-
linear FEM[J]. Acta Materiae Compositae Sinica, 2008,
25(2): 178-187(in Chinese).

FLAR, BRlr2x, WRAR. S A PRPIE A A il 5 et 1 2R 80P A
Jrik ). Eathklar, 2014, 31(3): 765-771.

KONG Bin, CHEN Puhui, CHEN Yan. Post-buckling failure
evaluation method of integrated composite stiffened pan-
els under uniaxial compression[]J]. Acta Materiae Compo-
sitae Sinica, 2014, 31(3): 765-771(in Chinese).

XUNE, VAR, BRBE. 25 IR 1) 52 SRRk I Al st it Jee o
R Re D Bl o4 U] Z A MoRAAR, 2010, 27(6): 158-
166.

LIU Congyu, XU Xiwu, CHEN Kang. Buckling, post-buck-
ling and collapse analysis of stiffened composite panels
with debonding damage[J]. Acta Materiae Compositae
Sinica, 2010, 27(6): 158-166(in Chinese).

HRF, I TAE, KB, 55, M FARAEXE A BRI Al AR
B N it AUE e i RE RS2 ma (], A AR AR, 2014,
31(3): 741-748.

SHAO Qing, HE Yuting, ZHANG Teng, et al. Influence of
side boundary condition on buckling and post-buckling
performance of composite stiffened panels under axial[J].
Acta Materiae Compositae Sinica, 2014, 31(3): 741-
748(in Chinese).

bR, SRE L, 22508, AR N = AR AU i
A IWFE ] s i H 4R, 2016, 46(3): 63-66.

SUN Zhonglei, ZHANG Guofan, LI Junpeng. Study on load-
ing capacity of composite panels under uniaxial compres-
sion[J]. Aeronautical Computing Technique, 2016, 46(3):
63-66(in Chinese).

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

COHLBTFFE) SdmZess, WL 5ot it .
BERMNE [M]. bat: fiz Toll i ik, 2001.

Aircraft Design Manual Committee. Aircraft design manu-
al. 9th. Load, strength and stiffenss[M]. Beijing: Aviation
Industry Press, 2001(in Chinese).

ThER BT RE. AR BT T M. BT iz Toll
skt 2001.

Institute of Aeronautics China. Composite structure design
handbook[M]. Beijing: Aviation Industry Press, 2001(in
Chinese).

TR EREBE. SR R E A A i mE (M. et i
25 Tl it 2002.

Institute of Aeronautics China. Stability handbook of com-
posite structure design[M]. Beijing: Aviation Industry
Press, 2002(in Chinese).

MO Y, GE D, ZHOU ]J. Experiment and analysis of hat-
stringer-stiffened composite curved panels under axial
compression[J]. Composite Structures, 2015, 123: 150-
160.

HRz, 5, AR, S5 A PORHIE R Akl 1 b
TREKRET BN []). A FPRIEAR, 2016, 36(7): 1531-1539.
GE Dongyun, MO Yuming, HE bailing, et al. Test and ulti-
mate load capacity prediction of hat-stiffened composite
panel under axial compression[J]. Acta Materiae Compo-
sitae Sinica, 2016, 36(7): 1531-1539(in Chinese).
TR WRET A BRI AT AU R4 th 5 05 B 5 ().
TR S B, 2015(22): 63-65.

YU Zhenbo. Research on compression buckling analysis
method of flat stiffend panels made of carbon fiber com-
posite material[J]. Jiangsu Science & Technology Informa-
tion, 2015(22): 63-65(in Chinese).

W, TR, dw K. S AR IR T3 B Al He e it TS
REIERAE (1], RA CHLEITS5 5T, 2019(1): 18-23.
YANG Junqging, WANG Jun, MENG Qinggong. The engi-
neering calculation method of hat-stiffened composite
panel under axial compression[J]. Civil Aircraft Design
and Research, 2019(1): 18-23(in Chinese).

TEIRK, B2, TR, 45, S A BPRHIRIE i B Ak bl e ith 5
Je I MPERE 7], 2 AR RAR, 2018, 35(8): 2014-2022.
WANG Houbing, CHEN Hao, LEI Anming, et al. Buckling
and post-buckling performance of hat-stiffened composite
panels under axial compression load[J]. Acta Materiae
Compositae Sinica, 2018, 35(8): 2014-2022(in Chinese).
PR, MR 2, FLR, 45, 5 1B AL B SR i B R A2
ARk I A = D i 23 B O vk 0. R A S R R 24l
2017, 49(1): 76-82.

CHEN Jinrui, CHEN Puhui, KONG Bin. Local buckling ana-
lysis of axially compressed stiffened laminated panels con-
sidering rotational restraint of stiffeners[J]. Journal of
Nanjing University of Aeronautics & Astronautics, 2017,
49(1): 76-82(in Chinese).


https://doi.org/10.3321/j.issn:1000-3851.2008.02.030
https://doi.org/10.3321/j.issn:1000-3851.2008.02.030
https://doi.org/10.3969/j.issn.1671-654X.2016.03.016
https://doi.org/10.3969/j.issn.1671-654X.2016.03.016
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3321/j.issn:1000-3851.2008.02.030
https://doi.org/10.3321/j.issn:1000-3851.2008.02.030
https://doi.org/10.3969/j.issn.1671-654X.2016.03.016
https://doi.org/10.3969/j.issn.1671-654X.2016.03.016
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3321/j.issn:1000-3851.2008.02.030
https://doi.org/10.3321/j.issn:1000-3851.2008.02.030
https://doi.org/10.3969/j.issn.1671-654X.2016.03.016
https://doi.org/10.3969/j.issn.1671-654X.2016.03.016
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3321/j.issn:1000-3851.2008.02.030
https://doi.org/10.3321/j.issn:1000-3851.2008.02.030
https://doi.org/10.3969/j.issn.1671-654X.2016.03.016
https://doi.org/10.3969/j.issn.1671-654X.2016.03.016
https://doi.org/10.3321/j.issn:1000-3851.2008.02.030
https://doi.org/10.3321/j.issn:1000-3851.2008.02.030
https://doi.org/10.3969/j.issn.1671-654X.2016.03.016
https://doi.org/10.3969/j.issn.1671-654X.2016.03.016
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023
https://doi.org/10.3969/j.issn.1004-7530.2015.22.023

	1 复合材料帽形加筋板轴压稳定性试验
	1.1 试件概述
	1.2 试验概述
	1.3 有限元模型验证

	2 基于弯曲刚度比的复合材料帽形加筋板蒙皮局部屈曲工程修正算法
	2.1 复合材料帽形加筋板蒙皮局部屈曲工程简化分析方法概述
	2.2 基于弯曲刚度比的复合材料帽形加筋板蒙皮局部屈曲修正方法

	3 算例分析
	3.1 不带横框的三筋条帽形加筋板屈曲分析
	3.2 带横框的三筋条帽形加筋板屈曲分析

	4 结 论
	参考文献

