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Abstract: In order to ensure work safety, large cranes generally use two motors together to upgrade the load, so 
often there is a synchronization error, control accuracy is affected. To address this issue, the paper crane hydraulic 
lifting system to study proposed control strategy based on fuzzy PID's. The results show that the method used to 
effectively reduce the synchronization error between the two motors to improve the control precision crane, a 
certain reference value. 
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INTRODUCTION 

Lifting system is an important part of the crane, 

safety, reliability is an important indicator of the 
performance of their work. To ensure safety, a large 

crane is often used to enhance the two motors with a 

common load, which require the same speed of the 
two motors or speed difference within a certain range. 

However, due to leakage, friction and other factors, 

the synchronization error often appear to make 

changes crane working state, prone to accidents. 
Therefore, this paper analyzes the dynamic 

characteristics of crane hoisting system, and to 

identify the factors affecting its synchronization 

accuracy; same time, the traditional PID control and 
fuzzy control is proposed by combining a fuzzy PID 

control method for crane hoisting system. The 

simulation and experimental results show that the 
control strategy used reliable and effective. 

DYNAMIC ANALYSIS 

Hoisting system structure 

Studied in this paper crane hoisting system consists 

of two independent hydraulic system composition, 
system architecture in which a group is mainly 

composed of variable pump system, variable motor, 

solenoid valve, balance valve and other components 

shown in Figure 1. 

Basic Model 

Assume that variable displacement motor constant, 
according to the fluid mechanics knowledge, to 

realize synchronous motor speed, only need to 

change the displacement of variable pump. Hydraulic 
pump variable mechanism consists of proportional 

directional valve and the variable cylinder, establish 

its mathematical model[3][4]. 

1. Hydraulic cylinder flow continuity equation: 
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Where:  

1V -Volume of the rodless cavity; 2V -Rod cavity 

volume; igC -Internal leakage coefficient; 

tgC -The total leakage coefficient of hydraulic 

cylinder; e —Liquid elastic modulus; 

1Q , 2Q - Hydraulic cylinder into the oil and return 

oil flow. 

2. The hydraulic cylinder force balance equation: 

2
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                   (3) 

Where:  
m -Mass of the piston and the load;  B -Viscous 

damping coefficient;  LF - Load force;  

X -Piston displacement;  K - Spring stiffness;  A - 
Effective working area of the piston. 

 
1-Variable pump  2-Solenoid valve  3-Balance valve  

4-Variable motor 
Fig.1 Structure of the hoisting system 
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3. Force equilibrium equation of spool: 
2
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dt dt
               (4)  

Where:  

vm -Quality of spool; iK - Current gain; I - Control 

current; yK - displacement gain; Y - Displacement of 

the spool; vK - Spring stiffness;  vB - Damping 

coefficient. 

 

 RESEARCH ON CONTROL TECHNOLOGY 

Fuzzy PID control 

Traditional PID controller has a simple structure, 

the characteristics of easy to implement, but the 

parameters cannot be adjusted, so the application 
range. In order to obtain better control effect, apply 

the fuzzy reasoning in the setting of PID parameters, 

used to compensate the synchronization system due 

to the nonlinear and time-varying problem caused by 
the synchronization error, and a fuzzy PID controller 

structure is shown in figure 2. 

 

 
Fig.2 The structure of the fuzzy PID controller 

 

Fuzzy control rules 

 Select two motor speed deviation and the 
deviation change rate as input variable of fuzzy 

controller, pK
， iP

， dP
as output variables. 

On the premise of guarantee the stability of system 

work, give full consideration to the response speed of 

system and anti-jamming ability, to develop fuzzy 
control rules[6][7], as shown in table 1~3. 

Table 1 The control rules of pK  

 
Table 2  The control rules of iP  

 
Table 3 The control rules of 

dP      

 
 

SIMULATION ANALYSIS 

The fuzzy PID control strategy is applied to 

hydraulic lifting system, and compared with the 
traditional PID control, the MATLAB simulation. In 

the process of simulation, work pressure by two 

motor control parameters, selection of variable 

displacement pump of 135 ml/r, engine speed of 1000 
r/min, weighs 5000 kg, the simulation results are 

shown in figure 3~4. 
 

 

Fig.3 The simulation curve of traditional PID control       

 

 

Fig.4 The simulation curve of fuzzy PID control 

Can be seen from the simulation results, in the 

process of control, two control methods are to take a 
good control effect, compared with the traditional 
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PID control strategy, fuzzy PID control strategy is 

faster response, higher control precision. 

 

EXPERIMENT 

In order to verify the validity and usefulness of 

simulation control method, using the same 

parameters and simulation experiment, the results 
shown in Figure 5~6. 

 

 
Fig.5 The simulation curve of traditional PID control 

 

 

 
Fig.6  The simulation curve of fuzzy PID control 

CONCLUSION 

In this paper, the dual motor dynamic 

characteristics of hydraulic lifting system are 

analyzed, and find out the relationship between the 
system parameters, provide the basis for the selection 

of control variable; The combination of fuzzy control 

and traditional PID, fuzzy PID control strategy is put 

forward, which overcome the traditional PID control 
strategy can't online always setting faults. Simulation 

and experimental results show that the method has 

good dynamic response, high control precision and 

strong robustness. 
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