202647 H Kﬂ*ﬂm%fﬁ 57 % F 14

doi;10.6041/j. issn. 1000-1298. 2026. 14. 038

EF GCN - TCN B9 KIh = HMCVT H#EHI ]l
BRI NFEERE

KSR B RETY OEXRY O FTEEL HEE
(L Eg b R T25RE, dEa 1000835 2. B REAR Y ol fi 2k 45 4 [ B 5 S0 6 %, 1% FH 471039
3. W& PR ALIF S e A FRA ], 3% BH 471039)

FEE X R IC IS 3 (HMCVT) H R HLAE 5 2= BRI T30 F A1 3 7 2 AR R g bl
LR S R 1 A7 FRLAF [R) 8, AF. AMESim — Simulink BE5-05 BUBCRY 5 52 538006 B0 5L Al b, A SCHR 1 T — ARl & B R
M4 (GCN) SRS 4% (TCN) (RGO 2 f1 2 @k . iZ0rik IERiILEh 1 R G S PRes M 2000 ¥ k&
L AL R G B ARSI S i 3h 2R B 8 GON RAE 3 f1 2 RS 8] i 54 6 &, A TCN
TR YN 0] 2y 7 27 R 25 0 s ) il A R P, S0 RS 25 R IR AR B 5 B, A 22 Aol L 8 D (] Ao 000 % BT S BB U R AT T
GG IIE, FoR FH TBUIMABUR @ S BN 77 15 B2 SRS R 2 47 5% — m Ak vE M, 455 R0, it i
GCN — TCN VR AR AR [R] T8 N 4RI B s BUNAS B 5 A0E 1, 2 TOLER G TR B35 31 97. 693% , 7E T3k
FASFIARRRAS TOL F ORI W R, BFFEES H 0] S KIS 3 R AL A% Bl 22 G4 ) SR ms O Ak S5 e HL v fil o0 BT S 3t v
SEM YN0 Bl ) 2R S .

%R, KPR, HMCVT; QA3 112 GON — TCN; R4 Huk SoEs
hESES: 219 SERFRIDED: A XEHE: 1000-1298 (2026 ) 14-0386-11 OSID; %M

GCN — TCN-based Hybrid Longitudinal Dynamic Modeling of
High-power HMCVT Tractor

Zhang Guanglin'  Zhu Zhongxiang'”  Song Zhenghe'”  Zhai Zhiqiang'® Wang Jianhua’ Guo Fugiang’
(1. College of Engineering, China Agricultural University , Beijing 100083, China
2. State Key Laboratory of Intelligent Agricultural Power Equipment, Luoyang 471039, China
3. Luoyang Tractor Research Institute Co. , Lid. , Luoyang 471039, China)

Abstract; Aiming to overcome the insufficient accuracy of longitudinal dynamic models and the limited
adaptability of conventional mechanism-based approaches for high-horsepower hydraulic mechanical
continuously variable transmission ( HMCVT) tractors operating under complex field conditions, a hybrid
longitudinal dynamic modeling method that integrated graph convolutional networks ( GCN) with temporal
convolutional networks ( TCN) was proposed. The proposed approach was developed based on an
AMESim — Simulink co-simulation framework combined with real-vehicle experimental data. Constrained
by the actual structural topology of the tractor powertrain, the engine, transmission system, and vehicle
longitudinal states were abstracted into a dynamic state graph. GCN was employed to capture the
structural coupling relationships among dynamic states, while TCN was utilized to model the temporal
evolution characteristics of longitudinal dynamics, enabling joint spatiotemporal feature learning. The
proposed model was experimentally validated under multiple typical field operation scenarios.
A condition-weighted grey relational analysis method was further introduced to uniformly quantify
prediction errors in both transient and steady-state operating conditions. Experimental results indicated
that the GCN — TCN hybrid model consistently achieved high prediction accuracy and robustness across
different operating conditions, with an overall multi-condition prediction accuracy of 97. 693% . Notably,

the proposed method demonstrated superior performance under load transients and non-steady-state
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conditions. The results can provide a reliable foundation for longitudinal dynamics. This modeling support

was essential for optimizing powertrain control strategies and conducting overall performance analysis for

high-horsepower tractors.

Key words: high-power tractor; HMCVT; longitudinal dynamics; GCN — TCN; hybrid modeling
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Tab.3 Test road condition and operating speed conditions
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Fig.7 Preliminary simulation data of actual vehicle
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Fig. 10 Results and error distribution of vehicle speed prediction
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