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(b) Details of rivet connections
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Fig. 1 Schematic of composite stiffened panel specimens

and details of rivet connections
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Fig. 2 Dimensions of composite stiffened panel specimen
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Table 1 Test results of material properties of unidirectional tape, plain fabric and interface parameters between

strip of stiffened panels and skin

E]]/GP& Ezz/GPa Glz/GPa V12

45 45 3. 86 0.042
Plain fabric

XT/MPa X¢/MPa YT /MPa Y¢/MPa Si2/MPa

597.6 496 597.6 496 160

E11/GP& Ezz/GPa G12/GP8 Vi2

145 7.7 4.5 0.323
Unidirectional tape

XT/MPa X¢/MPa YT /MPa Y¢/MPa Si2/MPa

2 700 1 400 75 350 132

K., = Ky = K 1% /MPa t! = 12/MPa GS/(N « mm™1) G¢ = Gi/(N+emm 1)
Interface

106 80 90 0.3 0.8

%2 EAHRMHERRRERARIRBHNHEEARX
Table 2 Ply sequences of composite stiffened panel specimens in different regions

Region Ply sequence

Top layup of stiffener
Web plate layup

Bottom layup of stiffener
Skin layup

Rib layup

Angle plate layup

[45/0/—45/90/0/45/0/—45/—45/45/0/90/—45/0/45]
[45/0/—45/90/0/45/—45/—45/45/0/90/—45/0/45]
[0/0/0/—45/45/0/90/—45/0/45]
[45/90/—45/0/90/45/—45/0]
[45/90/—45/0/90/45/—45/0]
[45/90/—45/0/90/45/—45/0];
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Fig. 3 Clamping system used in compressional tests on

composite stiffened panels
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(a) Deformation conditions
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Fig. 4 Deformation conditions and load-strain curves at typical positions in loading process of composite stiffened

panel specimens without connector between stringer and rib after axial compressional load buckling
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Table 3 Test and calculation results of buckling load and buckling mode of different types of composite stiffened panels

Test Calculation
Specimen type Buckling Buckling Buckling Buckling Error/ %
mode/ wave load/kN mode/wave load/kN
With angle plate connector 1 35.30 1 35.59 0. 84
Without angle plate connector 1 31.30 1 31.18 0. 37
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Fig. 5 Test and numerical simulating load-displacement curves of two types of composite stiffened panel specimens
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skin of test and numerical simulation of composite stiffened panels
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Fig. 7 Deformation conditions and load-displacement curves at the same position of two types of composite stiffened panel specimens



JEIA o A OMT- SR R X A AR BT 0 A 4 Y B Y

+ 495 -

R4 NG R RE I MR e 2 BN AT 11 S
BUETHRZE R . S5 R A T - 38 T o 4 A9 3K
B F A9 fe 2 WK BT . RIS il R R BR A A
B,

x4 EGHMBMBRRERARBTHRES

HETHESER
Table 4 Test and numerical calculation results of ultimate

failure load of composite stiffened panels

Test ultimate Calculation

E

Specimen type failure ultimate failure yrror/

load/kN load/kN !
With angle

137.18 138. 61 1.03
plate connector
Without angle

158.93 152. 65 3.90

plate connector
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(a) Finite element model of composite stiffened panels
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Fig. 8 Finite element model of composite stiffened panels and cross-section schematic of model
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Fig. 11 Load-strain curves and numerical buckling analysis result of composite stiffened panel
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rib on deformation of composite stiffened panels under

compressional load

Numerical analysis results of stringer deformation and load-strain curves at corresponding positions of composite stiffened panels
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(b) Deformation and interfacial debonding under 97% failure load
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(c) Deformation and interfacial debonding under 100% failure load

Bl 14 ORTE 46 8 T 5 A RHIN 3 AR i 2% - 52 K Ft T
JBEKG L 1 5 7 o R B T B 2
Fig. 14 Numerical results of initiation and extension progress
of interfacial debonding between stringer and skin of

composite stiffened panels under different compressional loads
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Effects of connector between stringer and rib on compressional properties of

single-stiffened composite panels

ZHOU Rui', GUAN Zhidong*', LI Zengshan', ZHUO Yue', ZHANG Hongfeng”, XUE Bin®
(1. School of Aeronautics Science and Engineering, Beihang University, Beijing 100191, China;
2. Shanghai Aircraft Design and Research Institute, Shanghai 201210, China)

Abstract;

The compressional properties of composite single-stiffened panel specimens with rib were investigated

through tests and finite element methods. Specimens with and without connector between stringer and rib were in-

vestigated. Test and numerical results reflect that specimens with connector between stringer and rib have higher ri-

gidity, higher critical buckling loads, smaller deformation quantities in the post-buckling loading progress and smal-

ler ultimate failure loads than specimen without connector. The ultimate failure mode of the specimen is always the

interfacial debonding between stringer and panel, which reflects that the connector between stringer and rib has no

effects on the final failure mode of the stiffened panel specimen. In the designing of composite airfoil structure,

effects of connector between stringer and rib on the initial critical buckling load, post-buckling deformation and car-

rying capacity of the structure should be considered.

Keywords :

composites; stiffened panel; connector; buckling and post-buckling; finite element method





