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Abstract 

Based on MATLAB/Simulink software and AMESim software, a machinery-hydraulic servo 
vehicle steering system with a negative feedbake closed loop control has been studied. 
Firstly, the working principle of this system has been introducd. Secondly, based on the 
advantages of hydraulic analysis of AMESim software, the physical model of this system 
has been established. Then, the mathematical model of the feedback device in the system 
has been established using MATLAB/Simulink, and the performence of this system has 
been analyzed through united simulation of MATLAB/Simulink and AMESim. Finally, the 
influence of structural parameters of feedback device on the system have been obtained. 
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1. Introduction 

The hydraulic servo system has the advantages of light weight, compact structure, quiet work and the 

ability to cushion the ground, move quickly and start smoothly, etc. And its basic principle is to ensure 

that steering cylinders produce a following displacement when the steering wheel turns an angle, and 

the movement of steeting cylinders stop when the angle of the steering wheel is zero. [1] Yongan Li, a 

researcher living in Taiyuan Shanxi, has designed a set of machinery-hydraulic servo vehicle steering 

system and carried out a certain system performance analysis. But he only used the MATLAB/ 

Simulink for mathematical modeling and performance analysis.[2] Based on the advantages of 

AMESim in hydraulic system analysis, this paper has carried on the united simulation of 

MATLAB/Simulink and AMESim on the basis of its system. The results show that this method greatly 

reduces the complexity of the mathematical modeling, meanwhile it also combines the advantages of 

AMESim at hydraulic analysis and advantages of MATLAB at data processing.  

2. The Working Principle of the Machinery-hydraulic Servo Vehicle Steering 

System  

Figure 1 is a schematic diagram of the machine-hydraulic servo system. The valve spool 9 is hinged to 

the connecting rod 7 through the pin 8, while the connecting rod 7 is hinged to the handle 2 through the 

pin 6. The handle 2 hinged to the feedback block 4 through the pin 5, feedback block 4 hinged to the 

frame through the pin 3. When a operator turns the handle 2, the rotation of the handle is not enough to 

drive the feedback block, so the handle rotates an angle θr around the pin 5. This moment the handle 

end has a right displacement component, which is passed through the connecting rod 7 to the valve 

spool 9. As the valve spool 9 has a right displacement, the hydraulic circuit starts to work. Passing the 

valve pool, pressure oil enter the right chamber of the hydraulic cylinder, then the piston rod of the 

hydraulic cylinder moves to the left[4]. Meanwhile the feedback block is rotated around the pin 3 

driven by the flexible shaft 11, and the handle hinged to the feedback block rotates around the pin 3 as 

well. The ratation of the handle and the previous rotation are opposite, then the valve spool moves back, 
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which played a negative effect. When the valve spool moves back to its original position, the process 

of steering ends.  

 
1.frame; 2.handle; 3,5,6,8.pin; 4.feedback block; 7.connecting rod;  9.valve spool; 10 hydraulic 

cylinder; 11. flexible shaft 

Fig.1 The schematic diagram of the machine-hydraulic servo system 

3. Modeling of the Machinery-hydraulic Servo Vehicle Steering System 

At first, when the handle rotates an angle θr around the pin 5, the valve spool has a right displacement 

Xr, the hydraulic circuit starts to work. And with the movement of the piston rod of the hydraulic 

cylinder, the feedback black moves as well. Then, when the piston rod of the hydraulic cylinder moves 

a displacement of Xp, the valve spool moves a displacement of Xf. So the absolute displacement of the 

valve spool is shown in Equation 1.[3] 

Xv=Xr—Xf      (1) 

In this machinery-hydraulic servo vehicle steering system, the valve spool, the connecting rod and the 

handle are hinged into a three-link mechanism. Since the connecting rod is a rigid body, the 

displacement of the valve spool is equal to the horizontal displacement component of the 

corresponding end of the handle, that is 

Xr= LBCsinθr      (2) 

Where LBC is the distance between point B and point C, that is the distance of the pin 5 and the pin 6. 

  
Fig.2 Geometric diagram of machine servo mechanism movement 

Likewise, we assume that the distance between C and D is LCD, the distance between D and E is LDE, 

and the distance between D and B is LBD when B, C and D can be connected with a straight line. After 



International Core Journal of Engineering Vol.3 No.6 2017                                                  ISSN: 2414-1895 

 

98 

 

calculating Xr, we find that Xf is difficult to obtain. And from the Figure 2, we can find that the angle 

of ∠PCD2=π-θr, and the angle of  ∠PD2C=θi, so ∠D2PC=π-(π-θr)- θi=θr-θi. Meanwhile, the 

distance between C and D2 is equal to LCD. So all the geometric information of the triangle of 

△D2CP can be obtained. The distance between D2 and P, named LD2P, can be obtained through the 

law of sines, that is 

LD2P /sinθr=LCD/sin(θr-θi)     (3) 

So, Xv can be expressed as equation 4 

Xv=(LD2B2- LD2P)sin∠BPB2      (4) 

When the hydraulic cylinder moves a displacement of Xp, the feedback black rotates an angle θi 

counterclockwise around D. So 

Xp = LDEθi                      (5) 

Since the angle of ∠BPB2 and the angle of ∠D2PC are on the vertex, ∠D2PC=∠BPB2. And 

LD2B2= LBD. So equation 4 can be finally expressed as equation 6. 

Xv==LBD sin(θr- Xp/LDE)- LCD sinθr                   (6) 

Since then, the mathematical relationship has ended. 

In order to simplify the calculation and take advantage of MATLAB/Simulink and AMESim, 

MATLAB/Simulink has been used as the main software to calculate, and the hydraulic system 

modeling has been done using the HCD library of AMESim. The physical model and the mathematical 

model of the system have been shown in figure 3 and figure 4.[5],[6] 

 
Fig.3 The physical model of the machine-hydraulic servo system 

In this physical model, the main parameters of the model have been set as follows. 

Table 1. The main parameter of the physical model 

Parameter Parameter value Parameter Parameter value 

Set pressure of relief valve 6MPa 
Piston rod diameter of hydraulic 

cylinder 
80mm 

Mass of hydraulic cylinder 50kg Motor speed 1000rpm 

Diameter of the hydraulic 

cylinder 
112mm Rated flow of hydraulic pump 10Lpm 

It is obvious that the length of LBD, LCD and LDE are the main factors that affect the performance of 

the system. In order to study the impact of these three parameters on the performance of the system, we 

assume that Lcd = LCD , Lbd= LBD, and Lde= LDE. 
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Fig.4 The physical model of the machine-hydraulic servo system 

Taking θr and LBD for 0.5rad and 0.1m respectively, LCD and LDE have been analyzed respectively. 

At first, taking LCD is 0.05m, then, the displacement curves of the valve spool and the displacement 

curves of the piston rod of the hydraulic cylinder shown in Figure 5 when LDE =0.1m, LDE =0.15m 

and LDE=0.2m respectively. 

  

LDE =0.1m LDE =0.15m 

 
LDE =0.2m 

Fig.5 The displacement curves of the this system when LDE =0.1m, 0.15m, 0.2m 

From the Figure 5, it shows that the displacement of the valve spool with a initial value decreases 

gradually and finally reaches zero when it reaches steady state, while, the displacement of the 

hydraulic cylinder without initial value increases gradually and finally reaches a steady-state value, 
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and the steaty-state displacement of the hydraulic cylinder is approximately equal to the initial 

displacement of valve spool. From Figure 5, it can also be concluded that the steady-state value of 

hydraulic cylinder displacement increases with the increasing of LDE, while the time to steady state 

decrease with the increasing of LDE. And LDE doesn’t affect the initial displacement of valve spool. 

Then, taking LDE=0.1m, the displacement curves of the valve spool and the displacement curves of 

the piston rod of the hydraulic cylinder shown in Figure 8 and Figure 9 when LCD=0.25 and 

LCD=0.75 respectively. 

  
LCD=0.025m LCD=0.075m 

Fig.6 The displacement curves of the this system when LCD=0.025m, 0.075m 

From Figure 6, the steaty-state displacement of the hydraulic cylinder is approximately equal to the 

initial displacement of valve spool. And since LCD is different, the steaty-state displacements of the 

hydraulic cylinder and the initial displacements of valve spool are different. And with  the increasing of 

LCD, it is clear that the steaty-state displacements of the hydraulic cylinder and the initial 

displacements of valve spool are reduced. While, the time to steady state decrease with the increasing 

of LCD as well. 

Then, taking LCD and LDE for 0.05m and 0.1m respectively, LBD has been analyzed, and the 

displacement curves of the valve spool and the displacement curves of the piston rod of the hydraulic 

cylinder shown in Figure 7. 

  
LBD=0.125m LBD=0.15m 

Fig.7 The displacement curves of the this system when LBD=0.125m, 0.15m 

It can be seen from Figure 7 that the steaty-state displacements of the hydraulic cylinder decrease when 

LBD is increased without changing the others, while the initial displacement of valve spool increase 

with the increasing of LBD. Meanwhile, the time to steady state decrease as well. 
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4. Conclusion 

In this paper, a machinery-hydraulic servo vehicle steering system was studied. At first, the hydraulic 

model of the machinery-hydraulic servo vehicle steering system was established by AMESim software. 

Meawhile, the mathematical relationship of the structure of the feedback has been obtained, and the 

mathematical model was established by MATLAB/Simulink. Then, in order to use the powerful 

computing power of MATLAB and the advantages of AMESim in hydraulic analysis, the united 

simulation modle were establishe. And the modle has been studied. The analysis results show us the 

effect of the feedback device structure, which is helpful for future work. 
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