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Abstract  

Application of high speed on/off valve in hydraulic cylinder position control was researched in this paper. A 
hydraulic circuit is proposed to position control hydraulic cylinder. The duty cycle of pulse control signal is 
changed according to the displacement of the hydraulic cylinder. Model of high speed on off valve and 
hydraulic circuit were simulated in Matlab Simulink. The Position and speed curve of hydraulic cylinder were 
achieved by the means of simulation. The simulation curves show the application ability of high speed on/off 
valve to position control of hydraulic cylinder and the ability to replace the hydraulic proportional valve. 
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1. Introduction 

High*speed on off valve (HSV) has the 
advantages of low-cost, compact structure, excellent 
repeatability, high speed responsibility and the ability 
to be adjusted by pulse, etc [1]. Especially it can be 
used as the interface between electronic control and 
fluid flow by pulse control which will be used widely. 

In this paper, the hydraulic circuit scheme based 
on high speed on off valve to control the position of 
hydraulic cylinder on the analysis of flow 
characteristics of high speed on off valve was 
established. The method of PWM signal was applied 
to generate the control signal. [2] 

The duty cycle of the PWM signal was changed 
according to the displacement of the hydraulic 
cylinder. Simulated research was done based on this 
scheme, a study of position control in hydraulic 
cylinder using high speed on off valve was carried 
out. 

2. Hydraulic Circuit Design 

The hydraulic circuit in which the position of 
hydraulic cylinder is controlled directly by HSV was 
designed. Displacement sensor is installed along a 
vertically hydraulic cylinder. The displacement signal 
was used as a basis signal of function to generate the 
duty cycle of pulse control signal. The hydraulic 
circuit was shown in Fig. 1.  

In this paper, the hydraulic pump was used as a 
constant flow hydraulic pump. Flow from the system 
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into the hydraulic cylinder chambers was controlled 
by high speed on off valve. The opening time of HSV 
was controlled by PWM control pulse, in which the 
duty cycle of PWM control pulse was changed 
depending on the displacement of cylinder. 

 

 
Fig. 1. Hydraulic control circuit 
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3. Control Signal Design 

HSV is controlled by PWM signal which was 
produced according to the displacement signal of 
piston. The duty range of the PWM signal is 25% to 
100%. The duty cycles are designed for this circuit, 
as shown in Eq.1. 

𝛕𝛕 = 𝟎𝟎.𝟐𝟐𝟐𝟐 +
𝐞𝐞
𝛌𝛌

   (1) 

Where τ is the duty cycle of PWM signal; e is 
the displacement error of piston. λ is coefficient of 
displacement. 

4. Mathematical Modeling of HSV 

The spool displacement of HS is a function of 
the pulse width modulation signal (PWM signal) and 
was determined by the on off characteristics of high 
speed on off valve and its mathematical model. This 
function is shown as Eq.2: 
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Where, T is the duty of the pulse signal; T1 is 
delay-closed time; T2 is move-closed time; T3 is 
delay-released time; T4 is move-released time; xvm is 
maximum displacement of spool valve. 

T1=t1/T; T2=t2/T; T3=t3/T; T4=t4/T; Tyc1=(T-
T1)T3/T2;Tyc2=(1-T-T3)T1/T4; T12 
=T1+T2

2/(T2+T3);T34=1-T3-T4
2/(T1+T4); Ton= 

T1+T2;Toff = T3+T4; 

The area of valve opening is shown as Eq.3: 

𝐀𝐀𝐡𝐡𝐡𝐡𝐡𝐡������ =
𝛑𝛑𝛑𝛑𝐱𝐱𝐡𝐡𝐡𝐡𝐡𝐡����� 𝐡𝐡𝐬𝐬𝐬𝐬(𝟐𝟐𝟐𝟐)

𝟐𝟐
   (3) 

wwhere, 𝐴𝐴ℎ𝑠𝑠𝑠𝑠������  is the average valve port area of 
HSV; D is the diameter of valve ball;θis the half-
angle of valve seat; 𝑥𝑥ℎ𝑠𝑠𝑠𝑠����� is the average displacement 
of valve ball. 

The flow that goes through the high speed on off 
valve is shown as Eq.4: 

𝐐𝐐𝐡𝐡𝐡𝐡𝐡𝐡 = 𝐂𝐂𝐝𝐝𝐀𝐀𝐡𝐡𝐡𝐡𝐡𝐡�������𝟐𝟐�𝐩𝐩𝐲𝐲 − 𝐩𝐩𝐰𝐰�
𝛒𝛒

       (4) 

Where, Qhsv is the flow that through HSV; Cd is 
the flow coefficient; py, pw are the pressure of rod and 
no-rod cavity; ρ is the oil density. 

 

 

 

Mathematical Modeling of Hydraulic System: 

The dynamic mathematical equation of the 
mechanical system and the dynamic mathematical 
equation of the hydraulic system are shown as Eq.5 - 
Eq.8: 

𝐦𝐦�̈�𝐱 = 𝐩𝐩𝐲𝐲𝐀𝐀𝐲𝐲 − 𝐩𝐩𝐰𝐰𝐀𝐀𝐰𝐰 + 𝐦𝐦𝐦𝐦 − 𝛃𝛃𝐜𝐜𝐱𝐱  ̇       (5) 
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𝐐𝐐𝐱𝐱 = 𝐤𝐤𝐜𝐜�𝐩𝐩𝐲𝐲 − 𝐩𝐩𝐰𝐰�        (8) 

Where, m is the load mass; Ay is the area of 
piston in rod cavity; Aw is the area of piston in no-rod 
cavity; βc is viscous damping coefficient of oil; g is 
the gravity acceleration; Vy0 is the initial volume of 
rod cavity; βe is elastic modulus of oil; Qhsv is the 
flow that flows into th 

e rod cavity; Qx is the leakage flow from rod to 
no-rod cavity; Vw0 is the initial volume of no-rod 
cavity; Qout is the flow that flows out of no-rod 
cavity; kc is the leakage flow coefficient. 
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Table 1. Simulation Parameters 

Parameters Values Units 
Ay 0.000012 m2 
Aw 0.00002 m2 
m 9 kg 
βe 7 x 108 N.s/m 
βc 250 N.s/m 
kc 1.25 x 10-13 m5/(N.s) 
ρ 850 kg/m3 
x 0.2 m 

Adjustment pressure of relief 
valve 

3.5 MPa 

Maximum displacement of 
HSV (xvm) 

0.0013 m 

Diameter of valve ball (D) 0.005 m 
Half angle of valve seat (θ) 20 deg 

5. Simulation Verification 

The Simulation parameters of the system are 
shown in the Table 1. 

The dynamic character parameters of HSV are 
show in the table 2. 

Table 2. Dynamics Parameters of HSV 

Paramet
ers 

Valu
es 

Paramet
ers 

Valu
es 

Paramet
ers 

Valu
es 

t1 2 t2 2.6 ton 4.6 
t3  0.5 t4 4.1 toff 4.6 
The Simulation Model is shown in Fig.2: 

 

 
Fig. 2. Simulink Model of hydraulic system 

The simulation results are shown in Fig 3 -6: 

  

Fig. 3. Displacement curve of piston Fig. 5. Through flow of HSV curve 

  
Fig. 4. Speed curve of cylinder Fig. 6. Curve of the duty cycle 
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Figure 3 shows that with different present 
position of the hydraulic cylinder, the simulation 
result is close to this reference signal with small error. 
Figure 4 shows the speed of the hydraulic cylinder 
and figure 5 shows the through flow of HSV. In 
figure 6, the duty cycle of the control signal is shown. 
Simulation results show in the first step that the 
hydraulic cylinder position control can be achieved 
by HSV using the PWM method of control signal. 
The duty cycle of control signal was changed 
according with the displacement of the piston. 

6. Conclusion 

The research result shows that HSV has the 
better control effect on the position control of 
hydraulic cylinder, and the given upper hydraulic 
circuit is suitable to the small flow system. 
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