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[Abstract] The dual-vehicle cooperative transportation system consists of a cargo module and two transport
vehicles, which are connected by articulated joints. The system’s strong dynamics coupling and nonlinearity present
significant challenges for accurate modeling and precise control. In this paper a trajectory tracking control scheme
for the cooperative transportation system based on constraint-following theory is proposed. In terms of system model-
ing, based on the kinematics and rigid body dynamics analysis, external trajectory tracking servo constraints and in-
ternal articulated passive constraints are constructed for the cooperative transportation system. The Lagrange model-
ing method is then employed to establish a nonlinear constrained dynamic model of the dual-vehicle cooperative
transportation system. In terms of controller design, the Udwadia-Kalaba (U-K) method is first used to obtain the
norm-minimal force required for the cargo to satisfy the trajectory tracking servo constraints, that is, the combined
force acting on the cargo at the articulation point. Next, based on the minimum lateral forces principle of front and
rear vehicles, an optimal allocation strategy for this combined force is designed, distributing it to the front and rear
transport vehicles. The reaction forces of the distributed force components are modeled as the known external distur-

bances acting on the front and rear vehicles. Then, based on the feedforward compensation for the known external

# [H % [ ARBR 34 (52222216, 52202493, 52172384) %),
B CE] B 1o 2024 4508 H 14 H Bk E] B #1 2024 4209 H 17 H.
WIEIES T, RIS 61, T, E-mail : yangzeyu2021@hnu. edu. cn.



2025(Vol.47) No.4

AT, 55 U Db I a8 i 28 e PO R % 240 AR 2 o - 659 -

disturbances and the constraint-following control theory, the control forces required for the front and rear transport

vehicles to satisfy the trajectory tracking servo constraints are designed. Finally, the simulation results show that the

proposed cooperative control scheme achieves good trajectory tracking performance and significantly suppresses the

lateral dynamic impact of the cargo on the transport vehicles, effectively enhancing the overall lateral stability of the

cooperative transportation system.
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