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Research and strength analysis of hoop bending test of

composite fuselage integral frame

LIANG Heng, TANG Guowei, ZHENG Xiaoling
(Composite Center, Shanghai Aircraft Manufacturing Co., Ltd., Shanghai 201324, China)

Abstract: As the main bearing structure of civil aircraft, the fuselage frame is of great significance to the weight of

the aircraft. A hoop bending test is carried out on the composite fuselage curved panels with C-type and Z-type inte-

gral frames to study the failure mode and load—bearing capacity of the integral frame, as well as the influence of la—

teral support on the load—bearing capacity of the frame. A pair of force couple is used to apply bending load on the

panel. The modified engineering method and finite element (FE) model are used to predict the failure load and com-

pare with the test results. The results show that C—type integral fame has better design redundancy than Z-type inte-

gral frame. The arrangement of lateral support is the key to improve the load capability of the integral frame, as it

can affect the failure mode. The modified engineering method can predict the frame lateral stability effectively,

which can be used for calculation iterations of the integral frame size and lateral support arrangement rapidly. How-

ever, the engineering algorithm for inner flange local stability is not conservation, and the FE model should be used

for optimization iteration.
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Table 1 layer information of test article

HB AL J2HL il J2 W
£ 12 [45/—45/0/90/45/—45]s
KMt 9 [45/0/0/—45/90/—45/0/0/45]
HE 10 [45/—45/0/90/45/—45/90/0/ —45/45]

® 2 PRHK R
Table 2 Mechanical properties of prepreg tape

E,/GPa 155 s 0.3
E,,/GPa 9.6 t/mm 0.19
G,/ GPa 4.6
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Fig. 2 Diagram of lateral support
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Table 3 Test configuration of composite integral frame

B LT T B T %ﬁfiﬁ
7-1# 71 — — 1700
7-2% 7 # 2 4 800
7-38 7 # 4 2 400
C-1# C#Y — — 1700
C-2& C#Y 4 4 400
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Fig.3 Testdevice of hoop bending test
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Positions of strain gauges on integral frame panel
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Fig. 6 Hoop load-strain curves of Z-1% middle frame web
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Table 4 Comparison of failure modes and failure loads of
different configurations of integral frame

7-1% — e = 3.33X10°  4.66X10°
7-2% 2 B = 5.56%10° —
7-3% 4 A 2% Ry 8 R A 8.01x10°  9.72x10°
C-1= — e = 3.73X10°  4.77X10°
C-2# 4 A 2% Ry 8 R A 8.38X10°  1.02x10°
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Fig. 7 Load-strain curve of inner flange in focus area of

integral frame without lateral support
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Fig. 9 Unfolding failure of outer flange of
integral frame without lateral support
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Fig. 11
area of integral frame with four lateral supports
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Fig. 13 Inner flange average strain comparison of

different configuration panels with integral frame
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Fig. 16 Displacement contours of integral frame under
different lateral support conditions
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Table 5 Comparison of finite element method, engineering algorithm and experimental values

i REFSRY U SRR /mm O R b TR /pe NGRTR R TREM /pe KRB HHICH/pe WIMH/ pe
7-1% 7 1700 677 2742 i 1y 2k £ 563 481
7-2% 7R 800 1416 2742 i ey 2k £ 1304 1296
7-3% VA 400 4940 2742 B S35 2 246 2172
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