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Integrally Stiffened Panel Design Method of the Axial Compressive Strength

YAN Ya-bin', CHEN Qun-zhi*, WANG Jan-bang', LI Chao'
(1. AVIC Aircraft Corporation Xi’an Aircraft Company, Xi’an 710089; 2. Beijing Aeronautical Technology
Research Center, Beijing 100076)

Abstract: The whole stiffened panels of medium—length column compressive strength engineering algorithms
are established based on the Johnson—Euler formula. The axial compression test of the whole stiffened panels
with 7050 aluminum alloy is verified to be reasonable. The compression collapsing load calculation error meets
the design requirements. With the same whole stiffened panel area. the compression collapsing load first in-

creases and then decreases with increasing ratio of the skins and stringers area A. Better design can be obtained

by adjusting the X of the whole stiffened panels.
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Fig. 1 Integral panel section forms
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Table 1 Symbol description

Meaning

L Effective length of stiffened panel
C End support factor

P, Collapsing Loads

n Number of stringers

A Skin and stringers area ratio

1, Skin thickness

ty Established tendon boss thickness
) Combination cross—sectional radius of gyration
I Minimum moment of inertia for combining cross

—section

Effective combination of sectional area

>

Total number of the profile plate element
Skin equivalent width
b; Width of the i—th plate element

o Thickness of the i—th plate element
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Fig. 2 Extrusion profiles profile divided plate element"*]
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Fig. 3 Aluminum extrusions profile plate element stress

calculation pressure loss curvet?

a t=<t<2t

(a) Thinner boss (b) Thicker boss

e 4 0 052 e SR P
Fig. 4 Integral stiffened panels skin equivalent width of

the emulated™

L4 EBEEmMBERESREFRTHHE
BEAS I BEAR 14 L 46 i B AT Po=0 X AXn

LS BEMBEREZFRFREATESR

O MBOTIE T E M B RS 6, 3O T
FommAR A KL L 5@ Bt o = o SIS
BRI SER5E B W @ T 55l 4% FAT 30058 B ) T
{1 I B A2 A0 25 T T R s © 5 s 4 2K A
To. BELRO~OQ. H 2N W KI5 46K
FaDL ) o Z 229 R TR RS B2 20K X o B A
ek o FEMUA 2. 4 95 9 28 30T UG 318 A i A
P4 P 48 Wi 5 2 o

2 EE{RhNAREE AR E 4858 B X 10 I8

2.1 EEFEBERLEHIZITSREG

TEHL 7050 - T7451 48 G 4 b4 B E 17 3 1R BE AR
SERETT FE 4R e R Ay 1T AR 5 50 B E L AR
TR R %) M :Si0. 12) (Fe(0. 15) |
Cu(2.0~2.6),Mn(0.10), Mg (1. 9~2.6),
Cr(0.04) . Zn(5. 7~6. 7)., Ti(0. 06) , Zr (0. 08 ~
0. 15)% . i Al

T IEBTT T 6 PR AR RE A 45 A 3 L RE A 1
A 1A E A 3 A KA A, FLA ALK B AR
Ti) o A 8 v R R P DL 5 LT B RO R 2. X
SEREA K AN LI A TR SRz, B TR
Mo TEBLIEAE b, 6 6 ol R (A RE B 25 4 14T R 4
RFQERAT VIR TR L o 4 Pl A% BE A e K 1
JUI S E0IM 1.7 4 50 0 254 75l 1 Fe 206 5 13 3
K. AA 4 1.

112

d

PR 5 e (ACBE Al 45 R LT AR T 2 1

Fig. 5 Cross section of the integral panels design
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Table 2 Design parameters of the cross—section of integral panels structure

Sample No. h d ty 1 S R, R, A
1 36 38 4.8 2.6 4.8 10 5 1. 25
2 36 38 4.8 2.8 4.5 10 5 1. 45
3 36 38 4.8 3.0 4.2 10 5 1. 68
4 36 38 5.0 3.1 3.8 10 5 1.83
) 36 38 5.0 3.4 3.4 10 5 2.29
6 36 38 5.3 3.5 2.9 10 5 2.49

Note:No. 2 to 5 machining the test; No. 1 and 6 only used for buckling calculate and no machining test.
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Table 3 Calculation results of the test piece compressed Table 4 Compression results of the test pieces
the instability load Sample Collapsing  Average collapsing  Dispersion
Sample Total cross—sectional Collapsing Collapsing No. loads/kN loads/kN coefficient/ %
No. area /mm’ stress/MPa Loads/kN 792
1 2077 313.5 651.1 2 1.45 ;gi 768. 3 2.17
2 2 048 319.0 653.3 753
3 2 055 325.0 667.9 775
4 2 059 334.0 687.7 3 1.68 Zzg 780. 5 0. 81
5 2 077 327.2 679. 6 775
6 2 055 320. 4 658. 4 807
807
4 1.83 797 802.0 0.72
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(a) Before compressing test (b) Surface after compression failure (c) Side after compression failure
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Fig. 6 Scene photos of overall stiffened wall test pieces before and after compression failure
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Table 5 Calculated and experimental results of compression instability load of 7050-T7451 aluminum alloy

Sample No. 1 2 3 4 5 6
Collapsing load (Experiment)/kN 768.3 780.5 802 793.8
Collapsing load (Calculating) /kN 651.1 653. 3 667.9 687.7 679.6 658. 4
Relative error/ % 14.9 14. 4 14. 2 14. 4
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Fig. 7 Collapsing load of 7050-T7451 aluminum alloy
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