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Abstract; To address the problems of lagging fault response and insufficient accuracy in the traditional

operation and maintenance mode of mine main hoists, a fault diagnosis model for mine main hoists based
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on BO-XGBoost was constructed, and the SHAP method was integrated to improve the model

interpretability. The Bayesian Optimization ( BO) algorithm was used to optimize the hyperparameters of

the eXtreme Gradient Boosting ( XGBoost) model. Based on the monitoring data from an experimental

mine main hoist, the XGBoost model combined with the SHAP attribution analysis method was adopted to

identify the key influencing factors and their action mechanisms. The results show that compared with the

baseline XGBoost model, the BO-XGBoost model increases accuracy by 4. 1%, reduces log loss by

41.9%, and shortens model training time by 80. 1%. Compared with traditional decision tree, random
forest and LightGBM algorithms, the BO-XGBoost model improves precision by 26.5%, 11.9% and

13. 6% , respectively, demonstrating excellent test accuracy. Wire rope tension, lower sheave temperature

and motor voltage are the three key causal factors of faults. Different fault types are affected by different

factors ; for instance, excessively high main shaft vibration, motor temperature and excessively low hoisting

speed provide greater positive gain for main shaft fault prediction. Three-factor interaction analysis reveals

the dominant role and influence patterns of various factors during wire rope faults. The probability of wire

rope faults is mainly dominated by tension, motor current and hoisting speed. Excessively low tension or

current significantly increases the risk, and rising hoisting speed further aggravates the fault probability,

whereas lower sheave temperature has a weak influence.
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75 X,/C X,/ (mm/s) X,/C X,/C X,/ C X,/N X,/ (m/s) X/A X,/V
1 45.00 0.98 65. 00 53.00 50. 00 12 095. 67 8.58 158. 08 377.10
2 45.50 1.09 65.42 52.98 50. 37 12 072.59 8.00 136. 20 377.19
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Table 3 Range of hyperparameters and optimal parameters for bayesian optimization
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Fig.3 Logarithmic loss graph of model training

2.2.2 HEhR

e 0 4 48 43 90 I 33X XGBoost 5 %I F1 BO-
XGBoost LAY, AR 2% 432 AEA S,
HIE R REA 323 41, W SRR AR 24 21, 32 Bl B

] S
1- ' 18 C )

o 250
200
B2
X, . - 150
1§ - 100
4 - ! !
- 50
5 -
: ‘ c — -0
0 1 2 3 4 5
TAR%E
(a) XGBoost#5 R R 45 [

FEAS 24 41, L HLECBERE AR 21 41, K48 MR AL AR
20 41,0228 BEREAS 20 41 2 PR A TR VS A P
WKl 4 fin,

O- , ) ‘ 300

N ‘ , 250
%o . , 200
%2
oS ‘ ) . ‘ - 150
LS ‘ - 100
4 - 3 ( 0 1 13 )
-50
5- 1
- ‘ ‘ ‘ - - -0
o 1 2 3 4 5
fibp e
(b) BO-XGBoostA5 7 y8 ¥ 4 [

4 BREHEMMUER

Fig. 4 Model classification prediction results

W& 4a 7] LIE Y LUEHREA D0, 75 323 4
IEFREA 317 HPOER I3, 3 24 IE W REAS Bl
0 Ay o] 5 RRE 1 L T A A B TN Ay S i e
12 IE W AREAS BT DA LR, 1 I AR A BT
WKy B2z 2l b . AAIEL 4b T LU [R)RE DL GE 8 A

A ], 323 2HAE A TR EW 4y 28, X4
R W] BO-XGBoost #1811 73 KRR W] B AL T
XGBoost FA

F 4 R 2 FEAET I ER ISR IZ W Y
ZYEEVEREPEAR S5 R . X5 BdE K BT . BO-XGBoost



5 5 1]

x4 RUBIEEBRLERIE
Table 4 Comparison of model results before and

after optimization

A A R P F,
XGBoost | 0.9144 | 0.9144 | 0.9153 | 0.9123
BO-XGBoost | 0.9514 | 0.9514 | 0.9526 | 0.948 8

BB O T 4 b b S B 959% WKL I RS Z | %5
BEARRIRTE 4. 1%, WA LRSI R P K
Fy 0B DAR PR B A 3271, e Py 0 U AR

R ST BO-XGBoost-SHAP 4 (96 F 4R FHHLI I 2 W 2 - 93 -
TR 6.3% , LS5 RIUE T BO JLALHEAL A A 4L
P, i

Ho S B RES B R L], AT 8 R T RS
NEEEFIRIRE ST .
2.2.3 W HERANBIEZMEANL

A5 IE BO-XGBoost 5 7E 4 H: 32 42 FHHIL b
W AT R, VB2 Bl BRI BL g 27 2] 43 DS A ik
TR XF b T A [ K dl 45 | 2% Sk A A )1 56
SAFTF S8 BRI 25 5 IS AIE, 3R 5 SR R B A 1
At LA

I~

o

RS5 SHUNRFIEBERILE

Table 5 Comparison of results from various machine learning models

L S ) BEHL AR AR LightGBM XGBoost BO-XGBoost
A 0.904 3 0.9352 0.9352 0.914 4 0.951 4
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