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Abstract

Aiming at the shortcomings of the traditional four-wheel drive tracked vehicle’s fixed equal torque
distribution scheme, which neglects load transfer, is prone to slippage and wastes power, this paper
focuses on the torque coordination and distribution problem of multi-active-wheel drive tracked
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vehicles. Through the “theoretical modeling-strategy design-simulation verification” path, a torque
control strategy based on dynamic load distribution is proposed and verified. Firstly, the force anal-
ysis of the tracked vehicle under different working conditions is conducted, the equilibrium equation
is established, and the torque formula is derived. It is clarified that the axle load is the core basis for
torque distribution (no load transfer means equal distribution, and dynamic adjustment according to
axle load when there is load transfer). Secondly, a three-layer control architecture is designed, and a
RecurDyn-Simulink co-simulation model is built to realize working condition identification, torque
calculation and distribution. Finally, a simulation analysis is conducted with the four-wheel equal
torque distribution scheme as the control group. The results show that the proposed strategy reduces
the vehicle speed fluctuation by 50%~60%, reduces the motor output torque by 20%~25.6%, reduces
the average total motor output torque by 20%~25.6%, reduces the total motor output power by 9.95%
in the straight-line acceleration condition, and reduces the total motor output power by 1.45% in the
climbing condition. It is more energy-efficient and provides support for the optimization of tracked
vehicle power control.
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Figure 1. Multi-body dynamics model of tracked vehicles
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Table 1. Vehicle parameters
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SR BARZH HfE
K (— N 6~7 2K) 6.943

HMER R (m) LA 4.6
Lo 3

J& i L R 4.13

JE 24 (m) JE S B (— 9 3.8~5 m, AH G T ZEAA K 55%~65%) 4.587
JE AR T 0.55

FAN 4300

X% 60

PSS it 27

HEZH(ke)

RER 54

TR E 17
B 39996

JRF Al B/ JE A UL EE(L/B — N 1.03~1.92) 1.11

function [T_f1, T_fr, T_rl, T_rr, current_R_turn, R_error, Fz_fl, Fz_fr, Fz_rl, Fz_rr, ax_cale, speed_errof
R_turn, omega_fl, omega_fr, omega_rl, omega_rr, ...
vy, vaw_rate, desired_vx, grade_angle, ...

v_fl_ in, v_fr_in, v_rl_in, v_rr_in, m, heg, L, a, b, Bf, Br, mu

%

% 1 LS AEEETSIL

%

T_f1 = 0.0; T_£1 = double(T_f1);

T_fr = 0.0; T.fr = double(T_fr);

T.rl =0.0; T.rl = double(T_rl);

T rr = 0.0; T.rr = double(T_rr);

current_R_twrn = 0. 0;current R_tuwrn = double (current_R_turn) ;
R_error = 0.0; R error = double(R_error) ;

Fz_fl = 0.0; Fz_fl = double (Fz_f1);

Figure 2. Part of the matlab program
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Figure 4. Flowchart of the control model’s functions
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Figure 6. Curve of vehicle speed varying with time with adopting the strategy
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Figure 7. Torque variation of the driving wheel with time in the straight-going condition with adopting Strategy Four
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Figure 9. Torque variation of the driving wheel with time in the straight-going condition without adopting Strategy Four
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Figure 10. Comparison chart of the vehicle power under straight-line driving conditions with and without the
torque distribution strategy
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Figure 11. Working condition diagram of 10° slope
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Figure 12. Comparison chart of vehicle speeds
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Figure 13. Torque variation of the driving wheel with time in the climbing condition with adopting Strategy Four
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Figure 14. Torque variation of the driving wheel with time in the climbing condition without adopting Strategy Four

B 14. eI TR R A SRR PU E R4 A ke AT (B 2 1L

ARG (FEGEF ) a0

——R ] Bh A A o T S g

1000 - = AR ST (410. 58kw)
— — SRHISRNE P35 Th % (404. 64kw)

800

600

400

B R TF (kw)

200

0 T T T T
0 10 20

FiF 18] (s)

Figure 15. Comparison chart of the vehicle power under climbing conditions with and without the torque
distribution strategy
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