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ABSTRACT–An adaptive fault-tolerant anti-rollover fuzzy system is proposed to improve the anti-rollover performance 

of counterbalanced forklifts. Considering the actual control input, various unpredictable actuator failure models in the 

system are established. Based on the three degree-of-freedom (DOF) model of a counterbalanced forklift, an anti-rollover 

Takagi-Sugeno (T-S) fuzzy system is established. The stability of this anti-rollover system is analyzed to ensure its 

stability under specific control inputs and external disturbances. When the upper limits of actuator faults and disturbances 

are unknown, an adaptive fault-tolerant control method is designed to update the controller parameters. The sufficient 

conditions for the stability of the forklift anti-rollover system in the presence of actuator faults and external disturbances 

are given using the Lyapunov stability theory. Simulation and real vehicle tests based on MATLAB/Simulink show that 

the anti-rollover system with adaptive fault-tolerant control can reduce impacts effectively and quickly after the actuator 

fails, thereby improving the safety and reliability of the forklift. 
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NOMENCLATURE  

m : mass of the forklift 

ms : mass of car frame 

vx : longitudinal speed of the forklift 

��  : body sideslip angular velocity 

ω : yaw angular velocity of the forklift 

ay : lateral acceleration 

φ : frame roll angle 

a : distance from the front wheels to the center of mass 

b : distance from the rear wheels to the center of mass 

δ : angle of the rear wheel 

Fyf : lateral force of front tires 

Fyr : lateral force of rear tires 

L : distance between front and rear axles 

Ks : equivalent contact stiffness 

Cs : equivalent contact damping 

T1 : front wheel vertical stiffness 

B1, B2 : front, rear track width 

Cfi, Cri : front, rear wheel cornering stiffness 

 

 

1. INTRODUCTION 

As an important means of transportation in industrial supply 

chains, forklift trucks are used more frequently in many 

industries worldwide. According to relevant data, the global 

sales of forklifts from 2015 to 2020 grew steadily. At the 

same time, the requirements for the safety performance of 

forklifts are increasing. Owing to the structural factors and 

complex working environment of forklift trucks, the danger 

of lateral instability and even rollover can easily occur, 

thereby causing casualties and economic losses (McCann, 

2006; Milanowicz et al., 2018). Therefore, an efficient 

anti-rollover system that improves the active safety 

performance of forklifts is greatly significant. 

To improve the active safety of vehicles, scholars have 

conducted numerous theoretical research and developed 

related anti-rollover systems. Braghin et al. (2008) 

proposed an anti-rollover control system that can improve 

vehicle safety by 17 % in some working conditions based 

on lateral acceleration and cross-wind force feedback. Dai 

et al. (2018) designed a rollover stability controller using 

the static threshold value method for the lateral load 

transferring rate. Ghazali et al. (2017) investigated conflicts 

between roller prevention and path following and adopted 

the model predictive control (MPC) to reduce the 

possibility of rollover. The main difficulties of rollover 

monitoring include the accurate vehicle dynamics model *Corresponding author. e-mail: xiaguang008@hfut.edu.cn 




