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Linear Quadratic Regulator Multi-axle Special Vehicles

CHENG Hongjie, HOU Zhenwei, LIU Zhihao, LI Jianhua,

ZHAO Yuan, LIU Xiuyu
(Rocket Force University of Engineering, Xi’ an 710025, China)

ABSTRACT: To enhance the steering flexibility and driving stability of multi-axle special vehi—
cles under two extreme conditions of high—speed maneuvering with high and low road attach-

ments, a layered integrated stability control system was proposed. It used a heavy-duty 5-axle
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special vehicle as the subject, and was based on a hierarchical control structure. The upper-level
controller calculated the active steering angle and additional yaw moment control of the rear
wheels using the LQR (Linear Quadratic Regulator) control strategy. The relationship between
the weight matrix and road adhesion coefficient was established using fuzzy control rules. The
lower—level controller achieved the optimal control allocation of the wheel driving torque using the
interior method with few iterations and high realtime performance. The effectiveness of the pro-
posed control strategy was verified using the Trucksim—Simulink co—simulation platform. The re-
sults show that under low—attachment and high—speed steering conditions, the deviation of the
yaw rate and centroid slip angle of the variable-weight LQR integrated control vehicles are redu-
ced by 89.7% and 85.67%, respectively, compared to uncontrolled vehicles. When compared to
vehicles controlled by PID (Proportional-Integral-Derivative) control, these values decrease by
51.72% and 57.38%, respectively. Under high—attachment and high—speed conditions, the devia-
tions of the yaw rate and centroid slip angle of the variable-weight LQR integrated control vehi-
cles are reduced by 85.08% and 98.63%, respectively, compared to uncontrolled vehicles. Com-
pared with the PID—controlled vehicles, these values decrease by 42.96% and 73.48%, respective-
ly. Under the above two conditions, the LQR-based control system outperforms the PID control
system in terms of control accuracy and response speed, and significantly reduces the input re-

quirements. It provides a reference for the stability analysis and performance optimization of multi—
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axle special vehicles.
KEYWORDS: special vehicles;

moment control; yaw stability
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Table 3 Main parameters of vehicle model

S8 e S8 Ha
m/kg 54048 | C./ (N-rad™)  —305 444
R./m 0.628 | Ci/ (N-rad™)  —565624
W/m 2560 | €./ (N-rad')  —780575
li/m 5784 | Cs/ (N-rad)  —961572
l2/m 3.384 Joo/ (kg'm®) 230700
l:/m 1.116 I/ (kgm®) 852500
ls/m 3.516 J-/ (kg'm®)  72536.8
Is/m 5.916
€/ (Nrad™")  —158377
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Table 4 Quantized results of double lane change test
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Table S Quantified results of fishhook steering maneuver
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Fig. 5 Results of fishhook steering maneuver
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