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Method in Uniaxile Residual Stress Field Using Neural Network

Cheol Kim, Won-Ho Yang and Myoung-Rae Cho

Key Words: Hole-drilling Method(+"4 %

719y, Hole Eccentricity(+%

HA]), Residual Stress(H+-

2), Neural Network(417 ), Finite Element Analysis($-F 8 4 8]4])

Abstract

The measurement of residual stresses by the hole-drilling method has been commonly used to
evaluate residual stresses in structural members. In this method, eccentricity can usually occur between
the hole center and rosette gage center. In this study, the error due to the hole eccentricity is
compensated using the neural network. The neural network has trained training examples of normalized
eccentricity, eccentric direction and direction of maximum stress at eccentric case using backpropagation
learning process. The trained neural network could compensated the error of measured residual stress in
experiments with hole eccentricity. The proposed neural network is very useful for compensation of the

error due to hole eccentricity in hole-drilling method.
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Fig. 4 Architecture of neural network for compensation

of the error due to hole eccentricity in HDM
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Fig. 9 Schematics of uniaxial stress test

Fig. 10 Photograph of hole-drilling method in uniaxial
stress field
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Table 1 Relieved strain data after hole-drilling

Applied value Relieved strain ( u€)

Residual | Direction
stress | Of Oma | Gagel | Gage2 | Gage3
(MPa) (deg)
MI 30 90 8 -11 -24
MI 50 80 il <27 -54
MII 50 60 10 -35 -27

Table 2 Measured results with hole eccentricity

Measured value

(contained error)| Hole |p.coniric
eccent-

Residual | Direction |Residual | Direction ricity direction
stress |Of Oma | stress |Of Omay | (mm) | (de8)
(MPa) | (deg) | (MPa) | (deg)
MI 30 90 25.6 847 10.192] 270
MII| 50 80 60.2 852 | 0.28 60

MII| 50 60 387 62.3 0.3 45

Applied value
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Table 3 Neural network result using measured data

Network input Network output
8 B’
e/Ro REVY_Orax | Err_
(deg) | (@eg) | g
MI | 0245 | 270 84.7 -14.9 -3.4
MI | 0357 60 85.2 13.2 6.2
MII | 0.588 45 62.3 -27.6 2.6

Table 4 Stress result before and after compensation

Applied| Before correction | After correction

stress | Max. stress { Error {Max. stress| Error
(MPa) | (MPa) (%) (MPa) (%)

MI 30 25.6 14.7 294 2.0
MI { 50 60.2 204 52.1 4.2
MII| 50 38.7 226 519 3.8

Table 5 Direction of max. stress before and afier
compensation

Direction | Before correction| After correction

of applied Direction of Error {Direction of! Error
T (€R) | 5, (deg) | (deg) | Oumax(deg) | (dep)

M1 90 84.7 53 88.1 1.9
MI 80 85.2 52 79.2 0.8
M 60 62.3 23 59.7 0.3
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