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ABSTRACT To improve the comprehensive performances of hydraulic speed regulation systems, this work proposes and 

develops a new control scheme, valve-pump parallel variable mode control, which can adopt different control modes in 

different speed regulation stages and can also adjust the weight ratio between pump control and valve control in the control 

process. In this paper, we design a hydraulic speed regulation in valve-pump parallel variable mode control, explains its 

principle, establish the system mathematical model, analyze system parameters, build a test system to verify regulation 

performances. The experimental results show that during the speed adjustment process, the switching between different control 

modes is smooth, the change rule of proportional valve and variable pump is in accordance with the expectation, and the ratio 

of valve to pump is reasonable, and the proposed scheme can improve the comprehensive performance of speed governing 

systems. The valve-pump parallel variable mode control could make full use of advantages of valve control and pump control, 

and will makes hydraulic control systems more flexible and suitable, and enrich the current control schemes of hydraulic speed 

regulation systems. 

INDEX TERMS hydraulic speed regulation systems; variable mode control; valve control; pump control; valve-pump 

weight ratio 

I. INTRODUCTION

The traditional hydraulic speed control system has two 
basic forms: valve control and pump control [1-3]. The 

dynamic response of the valve control system is fast, but the 

efficiency is low [4,5]; the efficiency of the pump control 

system is high, but the dynamic response of the system is 

slow [6,7]. Valve-pump parallel control combines the 

advantages of the valve control system and the pump control 

system, and is mainly used to electrohydraulic actuators 

(EHA) in flights to achieve excellent control 

performances[8,9]. But at present, the control mode of valve-

pump parallel control is too single, and can’t change the 

control mode according to the speed regulation requirements, 

so it is hard to apply the applications with obvious speed 

regulation process, such as hydraulic hoists [10,11]. In view 

of the above problems, this paper puts forward a valve-pump 

parallel variable mode hydraulic speed control system, 

which can adopt different control modes in different speed 

regulating stages, and can also adjust the weight ratio of 

pump control and valve control in the process of speed 

regulation. In this paper, we design the valve-pump parallel 

variable mode hydraulic speed control system firstly and 

clarify its working principle. Then, we set up the 

experimental system and carry out an experimental study of 

the speed regulation period. The valve-pump parallel 

variable mode control can enrich the speed regulating mode 

of the current hydraulic system, making the hydraulic speed 

regulating system more flexible and adaptable. It also has a 

wide application value in engineering. 

II. SYSTEM DESIGN

In this section, a hydraulic speed regulation system in 

valve-pump parallel variable mode control is designed (as 

shown in Figure 1) and its operating principle is explained. 

In this system, a proportional variable pump (PVP) is parallel 

with a proportional directional valve (PDV) to regulate the 

motor speed together. The PDV can work in two states: oil 

drain and oil replenishing. When the PDV is working at the 

state of oil replenishing, the valve control source adds the oil 

to the motor high pressure cavity through the PDV, and the 

flow that adds into the motor is equal to the sum of the pump 

control flow and the valve control flow. At this time the 

system is working at the oil replenishing valve-pump parallel 

control (RVPC) mode. When the PDV is working at the state 

of oil drain, the oil liquid from the motor high pressure cavity 

leaks into the tank through the PDV, and the flow that adds 

into the motor is equal to the difference between the control 

flow of the pump and the control flow of the valve. At this 

time the system is working at the oil leaking valve-pump 

parallel control (LVPC) mode.  

The proposed system is a closed loop control system with 

multiple input and single output, as shown in Figure 2. In 

order to show the role of valve control and pump control in 

the combined speed regulation, we propose a concept of 

valve-pump weight ratio: 𝑘𝑣𝑝 = 𝑘𝑣: 𝑘𝑝 , where 𝑘𝑣  is the

weight of valve control links, and 𝑘𝑝is the weight of pump

control links. 

If 𝑘𝑣𝑝 >1, it indicates that the function of valve control is

greater than pump control, so the system is mainly controlled 

by valves.  
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If 𝑘𝑣𝑝 <1, it means that the function of pump control is

greater than valve control, so the system is mainly 

controlled by pump. 

1- PVP; 2- valve oil control source; 3- PDV; 4- hydraulic motor;

5- speed encoder; 6-variable mode controller

Fig. 1 The schematic diagram of hydraulic speed regulation 

systems in valve-pump parallel variable mode control 
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Fig.2 Control principle of valve-pump parallel variable mode 

control 

A complex speed regulation process, including start, 

acceleration, constant speed, deceleration, and stop, is used 

to hydraulic hoists. Different control performances are 

required at different stages. The proposed valve-pump 

parallel variable mode control is applied to the speed 

regulation process, and the control mode can vary with the 

control requirements at different stages. Fig. 3 shows the 

speed regulation process in a working cycle. 

Fig. 3 Speed regulation process in a duty circle 

(1) At the start-up and stop stages, to improve low speed

stability, the system is under the RVPC mode keeping 𝑘𝑣𝑝>1.

(2) At the acceleration and deceleration stages, to save

energy, the system is mainly controlled by the variable pump, 

so 𝑘𝑣𝑝 <1, and the system is under parallel pump control

(PPC) mode, and. At this stage, the control valve can stay in 

the state of oil drain and oil replenishing. 

(3)At constant speed stage, to achieve fast repose to load

disturbance, the system is under RVPC mode keeping 

𝑘𝑣𝑝>1.

III. SYSTEM MATHEMATICAL MODELING AND 

PARAMETER ANALYSIS 

A. SYSTEM MATHEMATICAL MODELING

The mathematical model of valve-pump parallel control

system consists of three links: pump control, valve control 

and hydraulic motor [12]. We connect these three links and 

construct the control block diagram [13], as shown in Fig. 4. 

The open loop dynamic equation under LPVC mode is: 

ω =

𝐾𝑝𝑞𝑝0−𝐾𝑣𝑞𝑣0

𝐷m
−

𝐶𝑙

𝐷𝑚
2(1+

𝑠

2ω𝑙𝜉𝑙
)𝑇𝐿

𝑠2

𝜔𝑙
2+

2𝜉𝑙
𝜔𝑙

𝑠+1
  (1) 

where ω  is the motor angular speed, 𝐷m is the motor

displacement, 𝑞𝑝0 and 𝑞𝑣0 are the pump flow and valve flow

without load, respectively, 𝑇𝐿  is the load torque, 𝐶𝑙 , 𝜉𝑙, and

𝜔𝑙  are the total leakage coefficient, damping ratio and

natural frequency under LPVC mode, respectively, and 𝐶𝑙 =

𝐶𝑡 + 𝐾𝑐𝑙 , 𝜔𝑙 = √
𝛽𝑒𝐷𝑚

2

𝑉0 𝐽
,𝜉𝑙 =

𝐶𝑙

2𝐷𝑚
√

𝛽𝑒 𝐽

𝑉0
. 

The open loop dynamic equation under RPVC mode is:

ω =

𝐾𝑝𝑞𝑝0+𝐾𝑣𝑞𝑣0

𝐷m
−

𝐶𝑟

𝐷𝑚
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𝑠

2ω𝑟𝜉𝑟
)𝑇𝐿
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2𝜉𝑟
𝜔𝑟

𝑠+1
    (2) 

where 𝐶𝑟 , 𝜉𝑟 , and 𝜔𝑟  are the total leakage coefficient,

damping ratio and natural frequency under RPVC mode, 

respectively, and 𝐶𝑟 = 𝐶𝑡 + 𝐾𝑐𝑟  , 𝜔𝑟 = √
𝛽𝑒𝐷𝑚

2

𝑉0 𝐽
, 𝜉𝑟 =

𝐶𝑟

2𝐷𝑚
√

𝛽𝑒 𝐽

𝑉0
. 

Fig. 4 System control block diagram ("x" means "l" and “r”). 
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B. PARAMETER ANALYSIS

Comparing with the traditional pump control system, the

parameters of the valve-pump parallel system have the 

characteristics as follow: 

(1) The natural frequency of the system remains

constant. According to the expression of the natural 

frequency of the system, the natural frequency is equal 

between the valve-pump parallel system and the single pump 

control system. We can find that the hydraulic natural 

frequency of the pump control system does not change after 

adding the valve control. 

(2) The total leakage coefficient is increased and the

change is significant. The total leakage coefficient of the 

traditional pump control system is 𝐶𝑡 , and its value is small

and stable [14]. When the valve control introduced, the total 

leakage coefficient of the valve-pump parallel system should 

plus the valve flow-pressure coefficient 𝐾𝑐𝑟  or 𝐾𝑐𝑙 , and

𝐾𝑐𝑙 =
𝐶𝑠𝑣𝑢𝑣

2√𝑃ℎ
,  𝐾𝑐𝑟 =

𝐶𝑠𝑣𝑢𝑣

2√𝑃𝑠−𝑃ℎ
. 𝐾𝑐𝑟  and 𝐾𝑐𝑙  are both much

larger than 𝐶𝑡 , and they have biggish change with the

working point (valve input signal 𝑢𝑣  and system pressure 𝑃ℎ)

[15], so compared with the single pump control system, the 

total leakage coefficient of the valve-pump parallel system 

is larger and more significant. 

(3) The damping ratio increases and changes

significantly with the working point. As the damping ratio 

is proportional to the total leakage coefficient of the system, 

the damping ratio of the valve-pump parallel system 

increases and changes with the working point significantly 

compared with the single pump control system. 

(4) The speed stiffness dents. As the velocity stiffness

is inversely proportional to the total leakage coefficient, and 

the total leakage coefficient of the valve-pump parallel 

system is much greater than that of the pump control system. 

So the speed stiffness of the valve-pump parallel system is 

less than the pump control system. 

(5) The speed of response increases. As long as the 𝐾𝑝

and 𝐾𝑣 are set up reasonably, the opening gain of the valve-

pump parallel control system is greater than that of the 

separate valve control or pump control system, so that the 

response speed of the valve-pump parallel control system is 

greater than that of the separate valve control or pump 

control system. 

IV. EXPERIMENT AND ANALYSIS

We build valve-pump parallel variable mode control

experimental system, as shown in Fig. 5. The main parameters 

of the test system are as follows: rated pressure 20MPa, rated 

flow rate 50L/min (including pump control flow 40L/min and 

valve control flow 10L/min), maximum motor speed 90r/min, 

and rotational inertia 48kg∙m2. The system uses the hydraulic 

motor to load, and the loading pressure regulates by a 

proportional relief valve. 

PI compensation is used to correct the pump control 

circuit and pump circuit, and the PI parameters are shown 

in Table 1.  

From Equations (1) and (2), we know valve-pump 

parallel variable model control system is unstable before 

compensation, so PI compensation is used to correct the 

pump control circuit and pump circuit, and the its 

transfer function is given by 

𝐺𝑐 = 𝐾𝑐 (1 +
1

𝑇𝑖𝑠
) = 𝐾𝑐 +

𝐾𝐼

𝑠
 (3) 

where 𝐾𝑐is the proportional gain, 𝑇𝑖  is the internal time, 𝐾𝐼

is the internal gain and 𝐾𝐼 = 𝐾𝑐/𝑇𝑖 . The PI parameters for

different control circuits are shown in Table 1.  

A variable mode controller is developed, and control 

modes could be switched between LVPC, RPVC and PPC 

according to control requirements, and the setting of valve 

pump weight in each speed regulation stage [16] is shown in 

Table 2. 

Fig.5 Experimental System 

Measurement and 
control system

Valve unit

Pump station Loading system



9 

Table 1 PI parameter setting of different control circuits 

Control circuit 𝐾𝑐 𝑇𝑖 𝐾𝐼
speed rang 

[r/min] 

Pump control 0.3 0.18 1.67 All 

Leaking 

Valve control 

for 

0.6 0.12 5 0～15 

Replenishing 

Valve control 
0.7 0.12 5.8 55～70 

Table 2 Proportion Setting of valve and pump in different speed 

regulation stage 

Regulation Stage 𝑘𝑣 𝑘𝑝 𝑘𝑣𝑝
Control 

Model 

Start-up and Stop 1 0.1 10 LVPC 

Acc. and Dec. 0.1 1 0.1 PPC 

Constant Speed 1 0.2 5 RVPC 

(a)

(b) 

   (c) 
Fig. 6 Dynamic response in a speed regulation cycle. (a) speed 

response of driving motor;(b) pressure and flow; (c) controlling 

voltage of pump and valve 

Fig. 6 is the system dynamic response in a speed 

regulation cycle, where we apply 2MPa step load to the 

uniform speed section. Here we can obtain the following 

results from the experiments. 

(1)Compared with the pump control, the LVPC in the

low speed section can improve the motor speed stability. The 

RVPV in the constant speed section can realize the rapid 

adjustment of the step load interference. 

(2) During the whole speed regulation process, the

speed tracking characteristics is good and the steady-state 

accuracy is well. 

(3) The control mode switches smoothly, the signal of

the change trend of control comes to expected and smooth 

conversion. It achieves the smooth changing between the 

valve control of oil drain and oil replenishing. 

(4) During the whole speed adjustment process, the

variable pump provides most of the flow while the 

proportional directional valve is in a small flow state, so the 

system efficiency is relatively high. 

V. CONCLUSION

In this paper, to achieve excellent comprehensive 

performances for complex speed regulation systems, a new 

hydraulic control scheme called valve-pump parallel 

variable mode control is developed, which could vary 

control model with the control requirements, and different 

control modes are applied to different regulation stages. The 

LVPC mode is applied to the start-up and stop stages to 

improve the low speed stability; the RVPC is used to the 

constant speed stage to achieve the fast regulation to load 

disturbance; the PPC mode is applied to the acceleration and 

deceleration stages to save system energy.  

Valve-pump parallel variable mode control, using double 

channels of valve control and pump control, is established 

by changing the weight ratio of valve and pump control 

which is based on control requirements and flexible control 

mechanism, to realize the comprehensive performance of 

high power hydraulic speed control system, such as low 

speed starting and stopping smooth, fast adjustment, high 

efficiency. 

By combining the valve control, the leakage coefficient, 

damping ratio and other parameters of the valve-pump 

parallel variable mode hydraulic system changes with the 

change of the valve opening and the system pressure, which 

will increase the parameter prediction and control difficulty 

of the system. This paper only uses the traditional PID 

control. In the future, we will study the advanced control 

strategy to adapt to the changes of system parameters, so that 

we can improve the comprehensive performance of the 

system further more. 
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