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Research on Real-time Evaluation Methods for Main Shaft Running
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Abstract: To facilitate the rapid calculation of fatigue damage and accurate assessment of the remaining life of
the integrated transmission system, a real-time evaluation model for the running load of the transmission main shaft
under multiple operating conditions is proposed. The model first extracted characteristic parameters of typical
operating conditions for special vehicles and realizeed real-time discrimination of these conditions using K—means
clustering and support vector machine methods. Then, a transmission main shaft load evaluation model based on

convolutional neural networks—long short—term memory was constructed. Bayesian algorithm was employed to
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optimize hyperparameters, such as learning rate and network depth, aiming to improve the accuracy of the

transmission main shaft load evaluation. Finally, the model was validated through experimental data collected under

typical operating conditions of special vehicles. The results show that under shifting, steering, and climbing

conditions, the average relative errors of the model’ s load evaluation for the transmission main shaft are 0.150,

0.014, 0.006 (5-degree slope) , and 0.004 (10-degree slope) , respectively, indicating the effectiveness of the

model in assessing the load of the integrated transmission system under variable operating conditions.

Key words: transmissions ; main shafts ; variable working condition ; load evaluation
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Tab.3 The optimization iterative process of hyper—
parameters of real-time evaluation model for running load

of transmission main shaft
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3 0.009 0.016 42
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5 0.019 0.067 37
6 0.020 0.049 63
7 0.006 0.029 36
8 0.020 0.075 242
9 0.004 0.015 251
10 0.019 0.042 192
11 0.003 0.011 198
12 0.003 0.008 189
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Tab.4 Comparison and analysis of running load

performance evaluation for various models of main shaft
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Tab.5 Statistical analysis of transmission main shaft torque
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Fig.3 The running load evaluation results of transmission main

shaft under gear shift conditions
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SERKRAE 95506 4088.0 -4961.7 47542 22231
PlEES 9550.1 40877 -4961.7 47282 22227
A 9550.6 40889 -4960.7 4718.0 22234

R T AR AR o A B AR R AR ) 5
M), 3 30K TR RE R B A AR R A 7 T 00 R 4 1 it 2 A
DL K T B R 43 Je (R ECHE i A CNN-LSTM-BO #5174 i
AT YN, I X R AL i 45 AT XF Lo b7, 45 SR
B3 FTs . o] O, 78X Tl A7 3l o0 Je , A5 AU 4 o i)
F2 Az A7 28 Ao v A AR v L R R AR X Sl iE
TR fr M REPEAN IR 22 G0 T T AN 36 6 T . 3 2o 7 AR 7Y
R A T OLFN Ty v AT AR i 1 485 SR 0 - 1 4
X 43 H i 22 B 0.400 FEAIKZR 0.150. 5 R #E4T T4
) 53 (R A% D 6 Eb A58 TR B S 4 SR Ry BRAIR T
86.32% , Ry SN T 87.96% , Ry FEAK T 62.5%.

22 ERMERIAHGTESSH

e ) 1000 S4B S i SO R BE R 1, SR
[i1] B 0.05 s. XoJ 5 & B4 4 4 v e 6 35 1% T3 R 2 1) T
DUBHR 53 AT GE T o B, 45 R 0 il 5 7 F ke 8 i
7N . A UL e 1) T T A% Bl 3 A R 0 A B (E M
AR FE AR T 3 TN

R T BRI ) T T A sl s 1T e
VAR (A 5o, 5 5 1) T 00 4544 00 SR 0 i A

Tﬁﬂ RMr\r;/(N'm) Rm]sp;/(N'm) R\HPI‘J
CNN-LSTM-BO
, } 770.7 1037.6 0.400
(R4 T )
CNN-LSTM-BO 105.4 124.9 0.150
(R4 T80) ' ' .
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Tab.7 Statistical analysis of transmission main shaft torque

data under straight driving condition N-m
Btk RAME e RIME B bR
9719.0 4151.0 1288.8 4573.1 727.4
Ptk
Ve 9719.0 4151.2 1297.4 4173.8 703.0
Mk 97190 41506 12888 41714 7817
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Tab.8 Statistical analysis of transmission main shaft torque

data under steering condition N-m

G BRME s EoME i bRz
SEROBIRAE 55547 41529 1969.6 40828  459.1
IR 55547 41529 1969.6 4083.6 4562
RS 54442 41526 20360 40809  466.0

CNN-LSTM-BO F4H#R M i1 5 A, frfs s S e 4
TR, Al WAL B Xt 5 1) T 0L 2508 4% h T 3his 17
BT B PPAL 25 R 5 SR A B — Sk . R
BF, XA A d H0 45 R R 22 EA T g, A5 R
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Fig.4 The running load evaluation results of transmission main

shaftunder steering condition
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Tab.9 The statistics of shaft torque evaluation error under

steering condition

RR)ISE/( N-m) Ryiare
89.060 0.014

B
CNN-LSTM-BO

R/ (N-m)
61.074

23 BETRBEITESHH

U@ g T 100 S A5 ik o, 504k 4 v o3 i B T
FEXIE R 571107 A9 S A48 BAU R . 0 e B iR 4R
JIT A 5 B AN ] 35 JBE T 008U o ) it AT Ge i o b, 45
o 10 F3R 11 R . nl UL, B R Fh 423 Ie
I 33l FEE 3N 2 L R A AR i R A A R A A BT
K.
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Tab.10 The statistical analysis of main shaft torque data

under a 5—degree slope condition N-m

HomaE KA Pge BME BE PRifEE
SEEBESE 117120 68490  1593.0 6853 6120
PlE RS 114850 6849.0 1593.0 6849 6112
A 117120 6850.0 17190 6864 613.7

R11 10°H TR T EHHERES TR

Tab.11 The statistical analysis of main shaft torque data

under a 10—degree slope condition N-m

Bllade R P BME S BE bRifEE
SERHHELE  13857.0 95040 2303.0 9491 6392
HIERS 13857.0 95040 2303.0 9493 6312
M4 13799.0 95020 2303.0 9488  657.5

9T BRI @Y T 50 4% 8 £ s 17 3
PEAR B R B AS TR TE 3 T30 258 18 I 4 8
I A% CNN-LSTM-BO #&.&1 | firf5-45 & 5 iR,
IF) s el A 760 B+ 5 SR A TR 25 AT SR, A5 R

F 12 fran . vl UL T3 T 118 28K A DAl A5 7R 13 2 e
AN, Herp SO e T Bk fr 1R Ry M 42.431 Nem,
Ryse M 73.347 Nem, Ry 24 0.006; 10° 3 T 15 28 fuf
T Ry N 42.323 Nem, Ry 9 70.957 Nem, Ry g
4 0.004.
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Fig.5 The running load evaluation results of transmission main

shaft under climbing condition

F12 TR TEREETMRERITR
Tab.12 The statistics of shaft torque evaluation error

under climbing condition

Riyge! (N-m)

R Ryare
CNN-LSTM-BO

(5" Mey T BL)
CNN-LSTM-BO

(10" e T0L)

Ryy/(N-m)

42.431 73.347 0.006

42.323 70.957 0.004
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