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Prediction of HMCVT Wet Clutch Friction Pair Temperature
Based on IGWPSO - SVM
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(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China
2. State Key Laboratory of Power System of Tractor, Luoyang 471039, China)

Abstract; Aiming at the limitations of traditional machine learning models in predicting the temperature
of heavy tractor hydro mechanical continuously variable transmission( HMCVT ) wet clutch, an improved
grey wolf particle swarm optimization — support vector machine (IGWPSO — SVM ) HMCVT wet clutch
friction pair temperature prediction model was proposed. Firstly, the thermal analysis of the sliding
friction of the wet clutch friction pair was conducted to determine the factors that affected the temperature
of the wet clutch friction pair. Then a temperature prediction model was built based on support vector
machine( SVM ), and the structural parameters of SVM were optimized by using improved grey wolf
particle swarm optimization (IGWPSO ) algorithm. Finally, based on the HMCVT wet clutch test rig data,
a sample database of the clutch friction pair temperature prediction model was established, and the
IGWPSO — SVM model was tested and validated using the dual steel plate of the wet clutch friction pair.
The experimental results showed that the mean absolute error ( MAE) , mean square error( MSE) , root
mean square error ( RMSE ), and mean absolute percentage error ( MAPE) predicted by the IGWPSO —
SVM model for the inner diameter, pitch diameter, and outer diameter of the dual steel sheet of the
friction pair were 3.355 7°C, 24.321 2°C*, 4.597 6°C and 3.95% , respectively, the maximum
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temperature prediction errors were 7.870 0°C, 5.430 0°C and 0.990 0°C, respectively. The average
values of three tests for MAE, MSE, RMSE and MAPE were 3.3522°C, 24.738 0°C°, 4.973 7°C and

4.12% , respectively. The maximum temperature mean absolute error ( MTMAE ) for inner diameter,

pitch diameter, and outer diameter was 4. 373 3°C , which was the lowest compared with that of the other

four existing models. The research results can provide a theoretical basis for high-precision prediction of

temperature of wet clutch of heavy-duty tractors and reliability of entire vehicle.

Key words: heavy tractor; wet clutch; temperature prediction; support vector machines; improved grey

wolf particle swarm optimization algorithm
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Fig. 1  Schematic of heat flow of wet clutch friction
pair during HMCVT power shift
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Fig.2 Cooling lubricating oil circuit system of HMCVT
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PSO B3k AHWLER I 7 FT 0, L Py A2 i B2 35000 Sy f31]
PSO Bk AR KA 10 I3 12 5¢ MU, #2108
fE 4 0.014 3,CWO %K 4Q 46 Y58 MU 81, e 2
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U B Y 4 bR 25 A T BG4 Bk 3.355 7,
24.3212 4.597 6.0. 039 5°C , 4 kb T Ho b 455 780 1 oy
A%, IS B N 45 A AMRIRE, M T PSO
GWO 553, IGWPSO (14 i S5 1 #5 P, i 20l SUM
Ao

TR X B A A A e R R R Y e R, T
A 7 1k R 5 R R e T O U A e A R
R, HIRAE IGWPSO — SVM J ) A5 7 (% 52 Fi 4 , LA
e e Tk FEE P10 00 AR 100 A R A% RS RN T M e L, 3R 4 R
AN TR 000 4 fe o U BE . H 2R 4 AT T IGWPSO —
SVM A5 X6 JEE 452 ) i i ik B 1) T 152 2% R 7..870 0
5.4300.0.990 0°C , 4l bt T HAAL A Ky 5 AIC, 3 — 2
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Tab.4 Maximum temperatures predicted by

different models C
LA FA WU LS 2
A 200.3400  184.6000  15.7400
BP i 2 ) 2% h42  202.4100  190.2000 12.2100
Ahi% 181.0900  188.0600  -6.9700
A 198.8700  184.6000  14.2700
SVM s 200.4300  190.2000  10.2300
HSMZ - 185.1000  188.0600  —2.9600
W 195.9700  184.6000  11.3700
PSO — SVM i 194.4600  190.2000 4.2600
SMZE - 186.7700  188.0600  —1.2900
R 193.7200  184.600 0 9.1200
GWO - SVM s 195.8300  190.2000 5.6300
ShE 190.4100  188.060 0 2.3500
N 192.4700  184.600 0 7.8700
IGWPSO — SVM s 195.6300  190.2000 5.4300
Hh% 189.0500  188.060 0 0.9900

Ay kA SR B AL M S SO A AR, X S A
HEAT 3 W K S, BN RE . PR IMEW
MAE .MSE .RMSE \MAPE ¥J {8 & & 1 #2  SME fix
5 IR S 4 48 % iR 7% ( Maximum temperature mean
absolute error, MTMAE ) 77 & #55 &Y 4 §E 38 F1 , 3 ik

([
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R
(b) th

7 [ 532 19 365 7R i 2k

Fig.7 Fitness curves of different algorithms
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Tab.5 Multiple experimental results

L7 ZH L A
1 2 3
MAE #{8/°C  16.6787 14.5656 10.6765 13.9736
‘ MSE #J{&/°C2  192.5437 208.5643 178.7602 193.289 4
BP #2 RMSE #J{/°C  13.8760 14.4418 13.3701 13.8960
Fgk MAPE ¥J{l/%  34.67 32.44 28.09 31.73
MTMAE/C 15.7400 12.2100 6.9700 11.6400
MAE #{#/°C 9.6668  8.8743 11.7865 10.1092
MSE #J{f/°C> 100.1287 96.6512 182.6793 126.4864
SVM RMSE #J{/°C  10.0064 9.8311 13.5159 11.1178
MAPE ¥{l/%  13.09 10. 06 22.31 15.15
MTMAE/C 14.2700 10.2300 2.9600  9.1533
MAE #{ti/C 5.7639  12.4509  6.4907  8.2352
MSE #J{f/°C> 42.8971 201.4193 56.2367 100.1844
PO RMSE ¥J{/°C  6.54996  14.1922  7.4991 9.4136
SYM MAPE 1t/ % 7.99 31. 19 8.26 15. 81
MTMAE/C 11.3700  5.4300 1.2900 6.0300
MAE #{fi/°C ~ 4.5686  4.7855  5.0342 4.796 1
MSE #J{g/°C> 33.9543 37.1982 41.4527 37.5351
CWO- RMSE ¥J{ti/°C  5.8270  6.090 6.4384 6.1215
SYM MAPE #{8/ % 5.83 6.14 8. 12 6.70
MTMAE/C 9.1200 56300 2.3500 5.7000
MAE #{#/°C 3.2170  3.4866  3.3531 3.3522
 MSEMff/C? 246409 251679 24.4052 24.7380
{C“ pso= RMSE ¥J{i/°C  4.9640 50168  4.9402 4.9737
SV MAPE {8/ % 4.11 4.36 3.88 4.12
MTMAE/C 7.8700  4.2600  0.9900 4.3733

HI3% 5 A0, #H LT BP B2 M 45, SVM £ 1K Fil
DUy 4 Fb g 22 300N, Ui AR A SCH IR BEREA B T
SVM {4 0 14 R4 A A i s PSO — SVM BEAUFESS 1,
3 YR 0 I R T R 2 58 B0 HR O BRI AR R
FEHS 2 PRI T, T KR R R Ak SVM B AL
FEC3 YR O 35 2 7 ¥ AT A T 8 KO i
W] PSO Bk AL iy Fa 2 M KA #H 3¢ T PSO — SVM
R, GWO — SVM K 1 (4 3 e 30 15 25 14 A, 1E Y
GWO &k 1t PSO 57k 5 a5 ; IGWPSO —SVM 4 71
U MAE MSE .RMSE \MAPE ¥J{H 1) 3 KI5 73
{8 4> % 4 3.352 2°C, 24.738 0°C*, 4.973 7°C .
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N SRR MAE \MSE \RMSE \MAPE 1 4 {8 73 31
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