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Influences of Shot Peening on Compressive Strength of Wing Stiffened Panel

LIU Cun, LI Jian, ZHAO Mou-zhou
(AVIC The First Aircraft Institute, Xi’an 710089)

Abstract: Shot peening forming and strengthening is widely taken in modern large aircraft wing stiffened panels, how-
ever, the influence of shot peening on static-strength properties is studied scarcely. and can not be quantitatively assessed
in the engineering presently. The main factors that affect the compressive strength of wing stiffened panels were combed
by analyzing failure mode of stiffened panels, including crippling strength and compressive modulus. Crippling compari-
son test were carried out on shot peened and unpeened specimens of typical stiffened panels. The effects of shot peening
on crippling strength and local buckling load were studied. The results show that the crippling strength and local buckling
load of shot peened specimens are reduced. Therefore, a new Johnson—Euler formula amendment methodology is devel-
oped to consider the shot peening influence coefficient x, based on the fall range of crippling stress and «. based on the fall
range of compressive modulus. In this way, the influences of shot peening are included in the stiffened panels compressive
strength design objectively and accurately, and the quantitative evaluation of shot peening can be simply and feasibly ap-
plied in the engineering.
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Fig.1 Cross section schematic diagram of the specimen
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Table 1 Cross section parameter of the specimens

Skin thickness/ Parameter/mm
mm t ot L b b h R R
3.5 3.5 3.5 1.0 28 20 61.7 6 5
7.0 6.4 6.5 1.1 28 40 61.7 6 5

1.2 BASH

W% AL T RS AL S Ak 34 SR T RE BE O 55 ~
66 HRC Y #5 99 AL . BE A M5 oML i B T 25 2 800
% 2, £ P 0.3 MPa 1 0. 5 MPa 435I %) i 5%
FERKAT . BEILsR AL T2 S50 3 3, o, g
FJUBUE B Ak i 3L 4 3 R 12 kg/min, B 55
¥E B4 500 mm,
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Table 2 Parameter of the shot—peened forming

Skin Diameter/ Gas pressure/ Impact velocity/
thickness/mm mm MPa (mm * min_!)
3.5 3 0.25 6 000
7.0 3 0.3/0.5 3 000

®3 BABKIZSHE
Table 3 Parameter of the shot—peened

Skin Diameter/ Gas pressure/ Impact velocity/
thickness/mm mm MPa (mm * min ')
3.5 0.7 0.18 500
7.0 0.7 0.18 500
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I FR R B 76. 2 mm (R G4 7150 -
T7751 HHL A AR b4 L RE S 40 L3 4,
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Table 4 Material properties of the specimen

E./GPa Poisson’s ratio ¢,/MPa 0.2/ MPa

73.72 0. 33 565 530

(c) Skin thickness=3.5 mm, shot-peened
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(b) Skin thickness=7 mm, unpeened
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(d) Skin thickness=7 mm, shot-peened
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Fig. 2 Failure morphologies of the unpeened and shot—peened specimen with 3.5 mm and 7 mm
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Table 5 Test results of the local buckling load
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Table 7 Shot-peened influence coefficient k;

Failure load/ Area/ Crippling strength/

No. ) k1 /%
kN mm® MPa
1 370.0 876 422. 4
3.21
2 358.1 876 408. 8
3 964. 7 1 655 582.8
1.35
4 951.5 1 655 574.9

Local buckling load/
kN kN

Average/

1 288.0 289.0 297.0 270.0 284.0 285.6
2 828.0 840.0 830.0 834.0 825.0 831.4
3 271.0 260.0 257.0 255.0 263.0 261.2

1 800.0 817.0 792.0 813.0 808.0 806.0
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Table 6 Test results of failure load

Failure load/
kN kN

Average/

1 357.8 364.4 408.2 359.6 360.2 370.0
2 960.0 970.5 963.0 974.5 955.5 964.7
3 357.8 355.5 364.2 356.6 356.6 358.1

4 962.5 931.0 951.0 967.5 945.5 951.5
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Fig. 3 Load-strain curves of the unpeened and shot—peened samples at failure
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Table 8 Shot-peened influence coefficient

Buckling load Area /

No. ‘ Critical stress/MPa /%
kN mm?

1 285.6 876 326.0
8. 54

2 261.2 876 298. 2

3 831.4 1 655 502.4
3. 06

4 806. 0 1 655 487.0
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Fig. 4 Load-strain curves of the unpeened and shot—peened samples at local buckling
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