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Prediction of Residual Preload of Bolted Connections Based on
Improved GM(1, 1) Model

YUAN Qiuwei, YAO Qishui, YU Jianghong, YANG Wen
( College of Mechanical Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: In view of the low efficiency in the prediction of the reliability of bolt connection by relying on few
sample experimental data, based on GM(1, 1) prediction model, an optimization can be achieved from two aspects of
the selection of original data and weakening treatment, and the prediction method of bolt connection residual preload
has thus been proposed. Based on a case study of the bolt connection of current collector slide plate of the third rail train
under lateral vibration, a verification can be achieved of the prediction method. The results show that,based on GM(1, 1)
mean difference model, the prediction accuracy of bolt connection residual preload can be effectively improved by
using metabolism method to select the original data, and then weakening the original data.
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Table 1 Data comparison and error value with

original model calculation

oS Jstha K A BREME B /%
2 73.80 72.42 1.38 1.87
3 86.20 86.04 0.16 0.18
4 100.40 102.24 -1.84 1.83
5 123.30 121.47 1.83 1.48
6 149.50 144.33 5.17 3.46

2) R TR T
Hi AR/ i X ©=(60.70, 73.80, 86.20, 100.40,
123.30, 149.50), ] 758 £ 4k 452 70 Fa 00 (RS FUL(EL 1158
ZAE, k2 PR,
x2 FBEERTETHREGERIREE
Table 2 Data comparison and error value with
new data model calculation

2]l It it A FRZE IRFEH /%
2 73.80 71.51 2.29 3.11
3 86.20 85.69 0.51 0.60
4 100.40 102.68 -2.28 2.27
5 123.30 123.03 0.27 0.22
6 149.50 147.43 2.07 1.38

3) HBRACB AU T
R 4 43 A A HE X©=(73.80, 86.20, 100.40,
123.30, 149.50), A58 Bif Qs AL o0 iS40l (e A
ZEH, W33,
3 BRI E TR L RIREE
Table 3 Data comparison and error table with
metabolism model calculation

gl I Kt A BRIEME RRE /%
2 73.80
3 86.20 84.37 1.83 2.12
4 100.40 101.80 -1.41 1.40
5 123.30 122.85 045 0.36
6 149.50 148.24 1.26 0.84

3) 3 P AILE Xt
IR 3 R 8 TR FH R 2 (X LA R ANk 4
Fi7s o
x4 3HEREMSE . FINEFIREEITE
Table 4 Comparison of parameters, predicted values and
errors of under three models

B XO6) TIIIME xO(6) FRENE xV(6) MR 1%

S LAY 144.33 5.17 3.46
BRI 147.43 2.07 1.39
BRI R 148.24 1.26 0.84
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Fig. Numerical control transverse vibration test bed
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19 759.00), 487 B A AR 7Y 32 B B5 40 I 910 4
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Table 5 Data comparison and error value with

original model calculation

Feos I Bt R Kt FRIE(H RZE(H /%
2 20 660.00 20 501.00 159.00 0.77
3 20 287.00 20 359.00 69.00 0.34
4 20 170.00 20218.00 -48.00 -0.24
5 19 959.00 20077.00 -118.00 -0.59
6 19 896.00 19 938.00 -42.00 -0.21
7 19 816.00 19 800.00 16.00 0.08
8 19 765.50 19 663.00 102.50 0.52

Fo FHEEETE THHE L RIREE
Table 6 Data comparison and error value with
new data model calculation

hgdles s R R BRI WR2EMH /%
2 20 660.00 20 462.00 198.00 0.95
3 20 287.00 20 340.00 -53.00 -0.26
4 20 170.00 20 218.00 -48.00 -0.23
5 19 959.00 20 098.00 -139.00 -0.69
6 19 896.00 19 978.00 -82.00 -0.41
7 19 816.00 19 858.00 -42.00 -0.21
8 19 765.50 19 740.00 25.50 0.13
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Table 7 Data comparison and error value with

metabolism model calculation

el Jhe it B BRI REME /%

2 20 660.00

3 20 287.00 20224.00 63.00 031
4 20 170.00 20 132.00 38.00 0.18
5 19 959.00 20 041.00 -82.00 -0.41
6 19 896.00 19 950.00 -54.00 -0.27
7 19 816.00 19 859.00 -43.00 -0.21
8 19 765.50 19 769.00 -3.50 -0.01
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Table 8 Comparison of predicted values and errors
under three models

B XO0) BT X9) BIFRZEM XV9) FIIRZE /%
JE AR TR 19 527.00 232.00 1.17
BrEE A 19 622.00 137.00 0.69
AR 19 680.00 79.00 0.39

FE 8 FIAL, BTSRRI 7 TN ok 2 (L AN iR 22
(BT, ST, B DUR RIS A
RS T3 N T 32 1) 2 AR P AR A QO A0 AT L e

b s TR L

2) S51bAbFRREL

BB UG 20 M8 1 41 X P=(23 925.50, 20 660.00,
20 287.00, 20 170.00, 19 959.00, 19 896.00, 19 819.00,
19 765.50), il 148, 15— K ss bk SEdE 1y 41
g X "O=(20 560.00, 20 079.00, 19 983.00, 19 922.00, 19 860.00,
19 827.00, 19 792.00, 19 765.50), —KrisfbabHiEds 7
H1h X" "=(19 973.60, 19 889.80, 19 858.20, 19 833.30,
19 811.10, 19 794.90, 19 778.90, 19 765.50), %I 3 Fji4y
Mrgdhs, a2 GM(, 1) BB RS PRSI 3
PSR e 2R 50 PIMMEL AR ZERT HEAE SRR 9 R

*F9 3FIRERNSE . TNEFIREITLE

Table 9 Comparison of parameters, predicted values and errors of the three models

B F00) FE xO0) ik xO0) BREM /% KO00) MEIIE XC00) k2R XV010) MR /%
JEL bR AL 19 527.00 232.00 1.17 19 392.00 287.00 1.45
— B 55 AR 19 688.00 71.00 0.36 19 638.00 41.00 0.20
I Es e 19 738.00 21.00 0.10 19 717.00 -38.00 -0.19
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Fig.2 Variation curves of residual preload with different
data processing methods
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Table 10 Comparison of parameters, predicted values and errors of the three models

. x9) 1y x9) iy x(10) 1) *(10) # K01 1 K011 i 3 AL G
B i WA /% T WA /% i WA /% SRR IE (%
JE AR R 18 360 1.95 18 201 1.21 18 044 1.99 1.72
— B Eg b 18 492 0.38 18 422 0.01 18 352 0.32 0.24
W Eg i 18 542 0.11 18 510 -0.46 18 478 0.35 0.31
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