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Abstract—Closed-loop control or open-loop control of 

proportional valve can be completed when the drive current 

of electro-hydraulic proportional valve is provided by 

electro-hydraulic proportional amplifier. The control 

performance of proportional valve can be directly decided 

by the electro-hydraulic proportional amplifier. Electro-

hydraulic proportional control amplifier is an important 

part of the control system of electro-hydraulic proportional. 

so the application research of electro-hydraulic proportional 

control amplifier has an important value and significance. In 

this article, development and composition of proportional 

control amplifier are simply introduced; Working principle 

of proportional control amplifier is discussed; Working 

principle of electro-hydraulic proportional amplifier on 

control circuit and driver circuit is analyzed; Working 

principle of the key components of the electro-hydraulic 

proportional control amplifier are described, and the 

application foreground of electro-hydraulic proportional 

amplifier is prospected. Combined with some new 

technologies of PID control, the state feedback control, 

adaptive control, variable structure control and fuzzy logic 

control, it is pointed out that electro-hydraulic proportional 

amplifier will be in this direction of state feedback control, 

adaptive control, variable structure control and fuzzy logic 

control, etc. 
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The function of electro-hydraulic proportional 
amplifier is to provide a specific performance of current 
for proportion of magnet, and electro-hydraulic 
proportional amplifier is an electronic device which is for 
open loop or closed loop control for electro-hydraulic 
proportional valve and electro-hydraulic proportional 
control system. Electro-hydraulic proportional amplifier is 
an important part of the element or system of electro-
hydraulic proportional control. Form of electro-hydraulic 
proportional amplifier is analogue and PWM mode [1]. 
The output current analog proportional amplifier is 
continuous, and the amplifier tube is work in the linear  

region. The amplifier tube of PWM is work in switch state. 
Combined with some new technologies of PID control In 
this article, the state feedback control, adaptive control,  
variable structure control and fuzzy logic control, it is 
pointed out that electro-hydraulic proportional amplifier 
will be in this direction of state feedback control, adaptive 
control, variable structure control and fuzzy logic control, 
etc. 

I. ELECTRO-HYDRAULIC PROPORTIONAL AMPLIFIER 

A.  Development of the proportional control amplifier 

Proportional control system has some advantages, such 
as large output power, power transmission is convenient, 
low cost, etc. Therefore proportional control system has 
wide application in various industrial fields [2]. 
Proportional control amplifier (hereinafter referred to as 
PCA) is an important component unit of the component of 
electro-hydraulic proportional system. Function of PCA is 
to provide current of specific performance for proportional 
electromagnet or other electrical machinery converter, and 
PCA is an electronic device of open loop or closed loop 
regulation for the electro-hydraulic proportional valve and 
electro-hydraulic proportional control system. Technology 
of electro-hydraulic proportional control is widely applied 
in all kinds of transmission system and control system, the 
main reason is that PCA is flexible [3]. 

 Development of the proportional control amplifier can 
be divided into three stages: 

At first, the design of PCA is to simulate constant 
pressure type. The design of control performance is poor, 
and the open loop control is more. Then design of the PCA 
is constant flow. The constant flow can restrain the 
influence of thermal characteristics, and the constant flow 
dynamic performance is better than that of constant 
pressure type. So the constant pressure type is replaced by 
the constant flow. 

 (2) The proportion control amplifier was divided into 
analog and switch type in the early eighty s. Analog power 
amplifier tube work in linear power amplifier. Power 
consumption of this tube is large, temperature is high. So 
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the utilization of electric power is low [4]. The reliability 
of the control amplifier is affected, and it is limited in high 
temperature environment, at the same time the cost of the 
amplifier is increased. The power consumption of switch 
power amplifier tube is small, temperature rise is also low. 
Switch type is better than that of analog for reduce 
consumption. So the PWM control technology of low 
switching frequency is widely used in electro-hydraulic 
proportional control.  

(3)After the eighty s, with the development of large-
scale integrated circuits, the discrete component is 
gradually replaced by the integrated circuit which the 
reliability and cost performance are better than that of 
early discrete component consisting of proportional 
amplifier. In order to solve the problem of an independent 
regulation of frequency and amplitude of low frequency 
pulse width modulation component of flutter, and switch 
type amplifier is improved [5].  Using high frequency 
pulse width modulation technology, the modulation 
frequency can reach a few KHZ. At the same time, the use 
of fast power drive circuit, electromagnetic coil discharge 
time is improving for the traditional drive circuit, and 
charging rate and discharge rate are equal. Reducing the 
time of transition, to improve the dynamic response of the 
proportional solenoid, the dynamic characteristic of 
proportional valve is improved. 

B. Composition and classification of PCA 

PCA is an electronic control device which can be 
plastic, computing and power amplification for control 
signal. The basic requirement of proportional control 
amplifier is able to produce the right effective control 
signals. In order to overcome the influence of dead area, 
and amplifier should have the function that the initial 
current is adjustable. To reduce the influence of hysteresis, 
the output current of amplifier should contain a flutter 
circuit [6]. If the amplifier adopts the control mode of 
PWM, the flutter signal generator can be omitted. To 
reduce the impact of the transition, the step is 
automatically generating ramp signal which the speed is 
adjustable [7]. The basic component of proportional 
control amplifier is shown in Fig .1. It includes the 
generated signal, preamplifier, control circuit, power 
amplifier, etc. 

Classification according to the use generally can be 
divided into general and special proportion amplifier. The 
proportion of the general amplifier is divided into force 
control and position control, single channel and dual 
channel, etc. When the proportion control amplifier was 

classified according to the use, the proportional amplifier 
is generally divided into general and special. The 
proportion of general amplifier is divided into force control 
and position control, single channel and dual channel, etc. 

II. COMPOSITION AND WORKING PRINCIPLE 

OF EPCA 

A. Composition of electro-hydraulic EPCA 

Electro-hydraulic proportional control amplifier is 
referred to as EPCA. The component of EPCA is made 
simple introduction when AVS - D4 - S1-1 being as an 
example.EPCA  of AVS - D4 - S1-10 is composed of 
some basic units, such as generating circuit about the 
control signal, the signal processing circuit, control circuit, 
power driving circuit, measuring amplifier amplification 
circuit, power amplifier circuit, etc[8]. The amplifier 
control circuit, power drive circuit is the most important 
part of the proportional control amplifier. 

The specific function of each component of EPCA as 
shown below: 

(1) The signal processing circuit: the input signal is the 
corresponding processing, to adapt to a variety of different 
control object and requirements of working condition. 

(2) The amplifier control circuit: it is an important 
circuit of EPCA, and it is the main component unit of 
closed-loop electro-hydraulic proportional control system. 
It is the function of improving the quality of the static and 
dynamic quality of proportional valve of electro-hydraulic 
proportional control system. Amplifier to realize control 
adopts upc1009 integrated circuit which is based on PWM 
control technology. 

(3) Power driver circuit: it is the most important part of 
EPCA.  EPCA steady performance and dynamic 
performance are decided by power driver circuit [9]. In 
order to achieve the power drive, amplifier adopts 
integrated circuit which is two.  

(4) Measuring amplifier circuit: the measuring 
amplifier circuit of EPCA which match the displacement 
sensor that mounted on the valve core of proportional 
valve. Sensor feedback signal is amplified processing 
through measuring amplifier circuit, so as to realize the 
closed loop of electro-hydraulic proportional control 
system. 

(5）Amplifier circuit: The role of amplifier circuit to 

provide the required power supply for the control circuit, 
and it is to ensure the normal operation of the amplifier. 

B. Working principle of EPCA 

 The working principle of EPCA as shown in Fig .2. 

 

 
 Figure.1   Basic component of PCA 

 
Figure.2 working principle of EPCA 
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The control signal is generated by a computer which is  
U0. The feedback signal of valve core displacement sensor 
is U1. After comparing U0 and U1, comparison results input 

control circuit after processing ，and signal into the 

IR2110 bridge drive circuit by PWM control circuit. The 
electrical signal by the drive input proportional 
electromagnetic valve, to control valve core displacement 
in order to realize the system control of the actuator. 

III. CONTROL CIRCUIT AND DRIVE CIRCUIT OF EPCA 

Control circuit and drive circuit of EPCA is one of the 
most important part about proportional control amplifier. 
The following control and drive circuit principle of work 
and related chips will be introduced. 

A. Control circuit and drive circuit of EPCA 

EPCA working principle of control circuit and drive 
circuit is shown in Fig .3. 

  The Fig .3 shows: the control signal is input to the 
control circuit after processing by signal processing 
module, and the feedback signal of valve core 
displacement sensor input to control circuit after 
measuring amplifier module place. In the control circuit, 
the control signal is designed, and the feedback signal 
adjust circuit is designed, and the adjustment of 
proportional amplifier set data is implemented. The control 
signal and feedback signal into the system of PWM after 
the error of the comparator. The PWM control chip of 
control circuit   adopts UPCI099 integrated circuit. In the 
control circuit, the current size is mainly adopts the pulse 

width modulation method. After a PWM control system，
output signal into the IR2110 bridge drive. Full bridge 
circuit is designed by IR2110, and the automatic control of 
electro-hydraulic proportional valve is realized [10]. 

By Fig .3 shows: the control signal is signal processing 
module for processing after the input to the control circuit, 
at the same time, the feedback signal of the valve core 
displacement sensor by measuring amplifier module input 
to the control circuit. In the control circuit design of the 
control signal, feedback signal adjusting circuit, realize the 
proportional amplifier set point adjustment. Enter the 
PWM control signal, feedback signal control system after 
the error of the comparator. The control circuit of PWM 
control chip adopts UPCI099 integrated circuit. In the 
control circuit, the current size is mainly adopts the pulse 
width modulation method.    The output signal into 
IR2110 driver after PWM control system of the whole 
bridge. Full bridge circuits are designed by IR2110, nearly 

to achieve automatic control of electro-hydraulic 
proportional valve. 

B. Parts of control and drive circuit 

(1) UPC1099 
In EPCA circuit, the control circuit of PWM is adopted. 

Control chip of control circuit of PWM is UPG1099. As 
shown in Fig .4, the chip components of UPC1099 include: 
the sawtooth wave generator, controller, PWM comparator, 
triggers, error amplifier, reference voltage source and two 
driving triode. 

(2)Gate drive integrated circuit of 1R2110 

IR2110 gate drive integrated circuit by the international 
rectifier company which will be concentrated in a high-
performance packaging that most of the power is used to 
drive low side and high side power. The switch speed that 
Is provided by IR2110 Is quick, and the power 
consumption that Is provided by IR2110 is very low. In the 
case of bootstrap mode, IR2110 driver can work in the 
application of the circuit of 10 hz ~ 100000 hz. In Fig .5, 
IR211 chip is composed of high power transistor driver 
stage, the low end of the power transistor driver stage, 
level converter and input logic circuit.IR2110 driver chip 
circuit diagram as shown in Fig .5 

 

 

  
Figure.3 EPCA working principle of  

control circuit and drive circuit          Figure 4 Internal component diagram of  
UPC1099 integrated circuit  

 

Figure .5 IR2110 driver chip circuit diagram  
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IV. APPLICATION PROSPECT OF PCA 

A. Analysis of current application of PCA 

Common electro-hydraulic proportional valve is 
electrical - liquid transition device that it can be get by the 
above analysis, and its driver is proportional electromagnet. 
But it has many shortcomings, such as the volume and 
inertia of moving parts are big, the support part is more, 
the frictional force is larger, linearity is poor, etc. 
Therefore, general electro-hydraulic proportional control 
equipment cannot satisfy some advantages, such as the 
control speed of hydraulic is high, the control precision is 
high, the flow is big, the cost is low, and the pollution is 
small, and so on [11]. In order to overcome the above 
shortcomings, a kind of ultra-high speed electro-hydraulic 
proportional control device is developed in recent years. 
Ultra-high speed electro-hydraulic proportional control 
amplifier has some advantages, such as the speed of the 
system is high, the precision of the system is high, the flow 
is big, cost is low, pollution is small, and so on. 

B.  Application prospect 

Performance of the electro-hydraulic proportional 
amplifier be improved has great significance [12]. These 
indicators are frequency response, linearity, load capacity, 
etc. The improvement of these measures will help to 
enhance the overall characteristics of the electrohydraulic 
proportional amplifier, and this also will be the 
development trend of electro-hydraulic proportional 
control technology. At the same time the improvement of 
the performance of the electro-hydraulic proportional 
control also depends on the new control technology, such 
as PID control, the state feedback control, adaptive control, 
variable structure control, fuzzy logic control, etc. 

V. CONCLUSIONS 

Electro-hydraulic proportional amplifier has begun to 
rapid development in the direction of digitization. The 
combination of hydraulic technology, electronic 
technology and control technology is increasingly close, 
and the performance of the electro-hydraulic proportional 
control amplifier has been a certain degree of ascension. 

Electro-hydraulic proportional control amplifier will 
combine to some new technology for develop, such as the 
state feedback control, adaptive control, variable structure 
control and fuzzy logic control, etc. Electro-hydraulic 
proportional control amplifier will have greater 
breakthrough in electronic devices, control strategy, 
software and materials. Therefore, the electro-hydraulic 
proportional control amplifier will achieve the 
development of more and more widely in various 
engineering fields. 
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