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The Study of Shot Peening Process Optimization for
Reliability Improvement of an Aircraft Structural Part

Yong-Seog Nam' + Yoo-In Jeong2 - Hwa-Soo Kim®"

'Aeronautical Center, Defence Agency for Technology and Quality, Jinju, Republic of Korea
2Aircraft R&D Division, Korea Aerospace Industries, Ltd., Sacheon, Republic of Korea
*Aero Technology Research Institute Daegu, Republic of Korea

Purpose: There is active research that improves both reliability and fatigue life of structures
which widely used in the aerospace fields of defense industry. The effects of three parameters
(pressure, peening time, nozzle distance) on Almen intensity and coverage will be investigated
by using the experimental and analyzed data.

Methods: we employed a Box-Behnken design. Additionally, to verify the validity of the optimal
condition obtained from experimental results, metallurgical analyses of the shot-peened aerospace
part were conducted with respect to surface morphology, residual stress.

Results: Optimal shot peening condition is determined as (distance, pressure, time) by optimizing
simultaneously the two responses of intensity and coverage. At the optimal peening condition the
prediction interval for Almen intensity is well within the required range. And, the validity of the
condition was checked by using the real aerospace aluminum alloy plate.

Conclusion: Shot peening introduces significant levels of compressive residual stress and induces
improves both reliability and fatigue life of structures

Keywords: Shot Peening, Almen Intensity, Surface Coverage, Response Surface Methodology
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Table 1 Factor levels for the experiment

Factor Level 1 | Level 2 | Level 3
Pressure (psi) 20 40 60
Exposure time (sec) 10 40 70
Nozzle distance (cm) 10 40 50

Table 2 Three—factor Box—Behnken design matrix

Number Xi Xz X5
1 1 1 -1
2 1 1 0
3 0 1 |
4 0 1 -1
5 -1 0 1
6 0 0 0
7 -1 1 0
8 0 1 -1
9 0 0 0
10 1 0 1
11 -1 0 -1
12 -1 1 0
13 0 0 0
14 0 1 1
15 1 1 0

0, 12 Z}7F WAjsle], 34} 35202 F 153 43
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Table 3 Four—factor Box—Behnken design matrix

Almen
Number | X, X X; | intensity COVOerage

oy | 0
! 60 | 40 | 10 | 0415 | 100
2 60 | 70 | 30 | 0437 | 100
3 40 | 10 | 50 | 0278 30
4 4 | 70 | 10 | 0278 | 100
> 20 | 40 | 50 | 0204 | 100
6 4 | 40 | 30 | 0204 | 100
7 20 | 70 | 30 | 0206 100
8 4 | 10 | 10 | 0206 80
9 40 | 40 | 30 | 0320 | 100
10 | 60 | 40 | 50 | 0409 | 100
11| 20 | 40 | 10 | 0192 | 100
12 ] 20 | 10 | 30 | 0192 20
13 | 40 | 40 | 30 | 0326 | 100
14 | 40 | 70 | 50 | 0323 100
15 | 60 | 30 | 30 | 0371 70

Table 4 Statistical analysis results of BBD data
for intensity

SE

Term  |Coefficients (Coeff) T P
Constant 103.555 1.0774 | 96.116 | 0.000
Pressure 16.111 0.8399 19.183 | 0.000

Time -1.849 0.9455 -1.956 | 0.086
Distance -1.504 0.8422 -1.786 | 0.112
Distancex

. -2.197 1.3281 -1.655 | 0.137
Distance

R?=98.13%, Adjusted R” = 97.19%, Prediction R* = 95.01%.

Scatterplot of Intensity_fit vs Intensity

1754

1254

Intensity_fit

75 .

50 75 100 125 150 175
Intensity

Fig. 3 Scatter plot between the fitted and
experimental intensity values

Scatterplot of Coverage_fit vs Coverage

Coverage_fit

10 20 30 40 50 60 70 80 o0 100
Coverage

Fig. 4 Scatter plot between the fitted and
experimental coverage values
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Fig. 7 Contour plot of coverage in terms of
distance and time
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