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Analysis of Ultrasonic Peen Forming ( UPF) Parameters and Prediction of
Formed Arc Height Based on Orthogonal Test
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(2 College of Mechanical and Electronic Engineering, Nanjing University of Aeromautics and Astronautics,Nanjing 210016)

Abstract The paper studied the effects of pin velocity, pin diameter, distance of forming trajectory and the width
of peening strip corresponding to UPF on the formed arc height of stiffened plate by the orthogonal test. The optimal
combination of UPF technological parameters can be obtained. Based on above—mentioned data as the sample data ,the
multiple regression analysis mathematical model was established. The accuracy of the mathematical model was proved
by the sample. The experimental results agree well with the regression analysis data. The multiple regression analysis

mathematical model can efficiently predict formed arc height in order to improve the efficiency of the process design.
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Tab.1 Orthotropic experimental parameters and levels

. mEFEEE  EETEA SUBRE WOLRE
A /m-s”! /mm BB/ mm  BEEE/mm
1 3 3 0.6 24
2 4 4 0.8 28
3 5 5 1 32
4 6 1.2 36
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Fig. 1 Ultrasonic peen forming device
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Fig.2 Residual stress distributions before

and after remove the plate holder
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Fig.3 Stiffened plate test piece
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Tab.2 Chemical composition of 2024 aluminum alloy
wt%

Si Fe Cu Mn Mg Cc Zn Ti Al

0.5 0.5 3.8~4.9 0.3~0.9 1.2~1.8 0.1 0.25 0.15 V4

K3 2024 SREEHINF %R

Tab.3 Mechanical properties of 2024 aluminum alloy

o, o, 5 T, HB E p
/MPa  /MPa /% /MPa /N-mm™' /GPa /kg-m™
470 325 10 105 120 68 2770

2.3 BEAXWITRE

T AR BRI IS R RO 1 5 SR R i =S
LR A A 54 o 7 D W AL U e 4, an 8
4 7R

K4 B ooy i

Fig.4 Numerical control ultrasonic peening forming equipment
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Fig.6  Pin peen forming trajectory
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Fig.7 Surface of the stiffened plate after pin peening
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Tab.4 Orthotropic array table and results
Etass HeE A /mes™! JE E A/ mm BOEHIEAEE/mm WAL 6/ mm K5 fE/ mm

1 A1BICID1 3 4 0.6 28 2.06
2 A1B2C2D2 3 3 1 24 0.683
3 A1B3C3D3 3 5 0.8 36 2.604
4 A1B4C4D4 3 3 1.2 32 0.64
5 A2B1C2D3 4 4 1 36 2.71
6 A2B2C1D4 4 3 0.6 32 2.395
7 A2B3C4D1 4 5 1.2 28 2.146
8 A2B4C3D2 4 3 0.8 24 1.88
9 A3B1C3D4 5 4 0.8 32 2.732
10 A3B2C4D3 5 3 1.2 36 2.405
11 A3B3C1D2 5 5 0.6 24 2.59%4
12 A3B4C2D1 5 3 1 28 2.31
13 A4B1C4D2 6 4 1.2 24 2.165
14 A4B2C3D1 6 3 0.8 28 2.304
15 A4B3C2D4 6 5 1 32 3.446
16 A4B4C1D3 6 3 0.6 36 2.591
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Tab.5 Brief orthogonal design results of arc height

I A E B B HUBHULIEEE ¢ BOLXE D

2
/mes”! /mm /mm /mm
il 5.987 9. 667 9.64 8.82
K,2 9.131 15.028 9.149 7.322
K]g 10.041 10.79 9.52 10.31
K]A 10. 506 0 7.356 9.213
— 1.497 2.417 2.41 2.205
Kjl
- 2.283 1.901 2.287 1.83
K/2
— 2.51 2.698 2.38 2.578
K]3
— 2.627 0 1.839 2.303
Ky
2 R 1.13 0.797 0.571 0.747
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Tab.6 Comparison of regression analysis and test result

WA B/ mm SR {E/ mm R/ %
1 1.0863 1121 3.1
2 2.0284 2.217 8.5
3 2.5241 2.624 3.8
4 3.1981 3.492 8.4
5 4.1117 4.406 6.7
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