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Prediction for the Error due to Hole Eccentricity in Hole-drilling
Method Using Backpropagation Neural Network
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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 predicted
using the artificial neural network. The neural network has trained training examples of stress ratio,
normalized eccentricity, off-centered direction and stress error using backpropagation leaming process.
The prediction results of the error using the trained neural network are good agreement with FE

analyzed ones.
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Table 1 Verification resuit for FE model

Applied .
residual stress HDN;I\Z?:IYZS )result Stress
(MPa) » g error
(%)
Ox Oy 01 03 B

100 0 99.95 0.0 0.07 | 0.05
100 | 100 | 99.43 | 99.43 0.01 0.57
100 | -100 | 100.09 |-100.04 | 0.01 0.09
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Table 2 Epoch number with momentum parameter in case of minus stress ratio

Momentum 0.1 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9
parameter
Epoch number | 53,037 | 40,063 | 53,271 | 37,571 | 25,777 | 27,146 | 22,482 | 17,662 | 18,855

Table 3 Epoch number with learning rate in case of minus stress ratio

Learning rate 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0. 0.5
Epoch number 30,630 | 17,662 | 10,520 | 6,810 12,186 | 7,681 45,010 | 74,694 (égg;g?g)

Table 4 Epoch number with hidden unit in case of minus stress ratio

Hidden unit 10 20 30 40 50 60 70 80 90 100

Epoch number 100,000 6,810 3,389 3,670 4,107 | 2,080 | 1,896 | 1,450 | 1,755 | 1,771
(SSE=0.39)
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Table 5 Epoch number with momentum parameter in case of plus stress ratio

Momentum 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
parameter
100,000
Epoch number 46,091 | 48,408 | 56,860 | 96,491 | 29,831 | 20,164 | 22,085 | 14,628 (SSE=0.55)
Table 6 Epoch number with learning rate in case of plus stress ratio
Learning rate 0.05 0.1 0.15 0.2 0.25 03 0.4
100,000 100,000
Epoch number 24,616 8,085 59,761 14,628 12,650 (SSE=0.55) | (SSE=0.72)

Table 7 Epoch number with hidden unit in case of plus stress ratio

Hidden unit 10 20 30 40 50 60 70 80 90 100
00 | 100
Epoch number 100,0 ,000 | 100,000 31,651 | 31,703 | 22,499 | 22,737 | 17,317 | 24,439 {21,522
(SSE=0.84) | (SSE=0.42) | (SSE=0.12)
100
10} g
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Fig. 9 Sum squared error versus epoch number for

minus stress ratio
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Table 8 Predicted results for minus stress ratio
—O— Target,
3
E{ O framyyg s Output value
E 50 Input value (error due to off-center)
FE Neural
-100 . . . .
0 60 120 180 240 analysis | network
Pattem number Stess ratio | <83 | o) | 3176 | 3127
-5. o . .
2 (a,/6,) 1%
Normalized hole
s .. 0.191 Y -1.42 -1.76
& eccentricity(e/r) o2%)
& Off-centered
8 . . 1.396 -0.0408 | -0.0395
& direction(rad) Brad)
(b) Case 2
Pattern number Output value
I (error due to off-center)
nput value
~ FE Neural
;5; analysis | network
:1 Stress ratio 14 o 8
-1. o .89 11.63
& (a,/ ) 1)
y 3 Normalized hole
% 120 0 20 ormanze 0.2548 | 0y(%) | -16.23 | -16.44
Pattern number eccentricity(e/r)
Fig. 14 Comparison network output value with target (?ff—c.entere;i 2.793 | Rrad) |-0.0706 | -0.0728
one for plus stress ratio irection(rad)

o o|ZRE L2EH|7} %4 ALo= wulE] Table 9 Predicted results for plus stress ratio
A% 08, SE 01, 9% FR 80702 A%% (a) Case |
GEexs 44 6}9314. Output value
HE AAY FH5e QxbATeo] 0.0050] = Input value (error due to off-center)
g8 WX sPai=e, oF eswslel wEal FE | Neural
& 50 2y © ] E%}?'S}"E’ODJ] o]u}]g] Hha analysis | network
wome . = TP M= =T Stress ratio
3o WE QAAFELS Fig. 139 JeEQ (6./6.) 1.5 | oy %) | 786 | 757
y x
i LER »Q-E‘:l l:/‘* o =
Fig. 1432 33ul7} &9l Bo 44T 244 Normalized hole 0.3185 %) | 13.9
& BE@I gol Uehd AoRA 4 Ao £ eccentricity(efr) | 0 > | G20 | 1397 | 1439
% EF 2F3GS 2 I35 Off-centered
direction(rad) 0.785 | A(rad) | -0.268 | -0.257
5. 7H HAUQA of & (b) Case 2
i B Output value

?l‘é"x‘l-%‘ Bl A ARG EgFel HIHer Input value (error due to off-center)
s F Jo9 ¥ G stsg AAL o FE | Neural
Vs AAFE ool U@ HdS o5 AnE analysis | network
AA GG, B ATdAE gl AAT 49 Stress ratio 6.0 | 0% | -38.63 | -36.98
o goul, W=y B AR de dg Lo,/ ax)
& AN oluje] oxte] T2 EstaA. fgj:i‘r‘;f; (*C}j’rl)e 03312] ox%) | 1321 | -12.60
Tables 8~9& #3te A or & 9 a9 Off-centered

ANAFoZ d=3 9_;4 A9 g wwstd Yebd direction(rad) 2.356J Brad) | -0.0987 | -0.103
Aoz &7t F59 Z$E Table 8o, $9
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