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Abstract. This study deals with a master-slave system for a tele-operated electro-hydraulic actuator 

(T-EHA) that focuses on a hydraulic system to remotely control a mini excavator. Tele-operation 

using such system is useful for tele-operation support of heavy construction and road restoration, 

typically in post-disaster areas.  This paper presents the current development of position control 

electro-hydraulic actuator for such remote tele-operation application. A 2.4 GHz radio-controlled 

transmitter and receiver unit, which is also known as the master, has been utilized as the remote 

controller for an electro-hydraulic actuator. The electro-hydraulic actuator, which serves as the 

slave has been fabricated by using a tie-rod cylinder, and coupled with a 24 VDC electro-hydraulic 

valve. Position control mathematical modelling and operational evaluation have been studied with 

regard to the tele-operated electro-hydraulic actuator. 

 

Introduction 

Tele-operated construction machinery is very useful under an extreme environment, such as in 

nuclear post-disaster recovery activities [1]. The tele-operation system is usually supported by a 

remote-controlled fluid power actuator, as used in the Robo-Q and PARM system [2,3]. In this 

paper, the actuator is modelled as handling a moving load, as shown in Fig. 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 Tele-operated Electro-hydraulic Actuator, T-EHA (Slave Side) 
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The T-EHA is actually represented as a single mass-spring-damper system with a load-disturbance 

force given by F. The mass, spring rate and viscous-drag coefficient for the load are represented by 

the symbols m, k, and c, respectively. The single rod linear actuator is connected to both the load 

and the actuator piston. The displacement of the spool valve x is shown to be positive in the right 

direction. When the valve is moved in the positive x direction, hydraulic fluid is directed into side A 

of the actuator, which then requires the fluid to exit the actuator from side B. The flow rates are 

represented by the symbols QA and QB, respectively. The flow is provided by a pump with 

volumetric displacement VD, and driven by an electric motor, at rotational speed N. In the 

mathematical modelling, the resulted pressure transients from fluid compressibility are assumed to 

be minimum and therefore negligible. This is true for T-EHA design that involves a very short 

transmission lines between the valve and the actuator [4].   

Position Control Mathematical Modelling and Design   

The design of the T-EHA can be divided into master side and slave side, as shown in Fig. 2. A 2.4 

GHz radio-controlled transmitter and receiver unit has been utilized as the remote controller (also 

known as the master) of an electro-hydraulic actuator. The electro-hydraulic actuator, (which serves 

as the slave) has been fabricated by using a tie-rod cylinder, and coupled with a 24 VDC four- way 

electro-hydraulic valve. The tested operational range of the system is up to a 100 meters, so far.  

 

 

 

 

 

 

 

 

 

 

Fig. 2 The Fabricated T-EHA 

 

The study on T-EHA starts with the basic loading analysis. The inertia of the actuator is neglected 

in the study. The value is much smaller compared to the actual forces that are generated by the 

actuator. The equation of motion for the load can be represented by [5], 

   ( ) oBBAAaf FFPAPAkyycym −−−=++ η ,                    (1) 

where PA and PB are the fluid pressures on the A and B sides of the actuator, respectively. The 

actuator force efficiency is represented by ηaf. Fo is the nominal spring or bias load that is applied 

to the actuator when y equals zero. By assuming nominal steady state operating conditions, (y = 0, 

PA = PB = Ps/2, and F = 0), it can be shown that during steady state conditions, the nominal force 

exerted on the actuator by the load is given as, 

 

   ( ) 2/sBAafo PAAF −=η .                (2) 
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By substituting Eq.1 and Eq. 2, the following Eq. 3 is produced,  

   ( ) ( )( ) FPAAPAPAkyycym sBAafBBAAaf −−−−=++ 2/ηη .           (3) 

Thus, the following Eq. 4 can be used to describe the output dynamics of the load, 

   ( ) ( )( ) FPPAPPAkyycym sBBsAAaf −−−−=++ 2/2/η .          (4) 

The equation shows that the actuator pressures PA and PB are the required input for adjusting the 

position of the load. The changing resistance to the flow going in and out of the T-EHA due to the 

loading adjustment will require actuator pressures to be increasing and decreasing accordingly. The 

changes can be described by the volumetric flow rates in and out on sides A and B of the T-EHA. 

The flow going in and out at side A is given as,  

   y
A

Q
av

A
A η
= ,               (5) 

while the flow going through side B can be represented by, 

   y
A

Q
av

B
B η
= ,         (6) 

where Q A  and Q B  are the volumetric flow rates into and out of the T-EHA, respectively, and ηav is 

the volumetric efficiency of the actuator. In this research, it is assumed that there is not much 

different for area AA and AB, which will simplify the overall mathematical modelling of the T-

EHA. The volumetric flow rates of Q A  can be represented at the spool valve in as, 

   12 QQQA −= ,         (7) 

and for QB, the flow can be represented as, 

   34 QQQB −=          (8) 

The linearized flow equations for fluid passing across the spool valve are given by, 

( )rAcqsc PPKxKPKQ −+−= 2/1  

( )Ascqsc PPKxKPKQ −+−= 2/2       (9) 

( )Bscqsc PPKxKPKQ −+−= 2/3  

( )rBcqsc PPKxKPKQ −+−= 2/4  

where  KcPs is the nominal flow rate across each the valve at the steady operating conditions of the 

system, and Kq and Kc are the flow gain and the pressure-flow coefficient for the valve, 

respectively. By substituting Eq. 7, Eq. 8 and Eq. 9, the volumetric flow rates into and out of the 

actuator may be expressed, respectively, as, 

( )2/22 sAcqA PPKxKQ −−=                 (10) 

   ( )2/22 sBcqB PPKxKQ −−=  

where the return pressure Pr = 0. Using this result with Eq. 5 and Eq. 6, the following equations for 

the operating pressures on both sides of the linear actuator may be written as, 
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where Kp is the valve's pressure sensitivity given by the ratio of the flow gain to the pressure-flow 

coefficient Kq/Kc. From Eq. 11, it can be seen that the fluid pressure on side A of the linear actuator 

is increased by moving the spool valve in the positive x direction and that the fluid pressure on side 

B of the actuator is decreased by the same valve motion. By substituting Eq. 11 into Eq. 4, the 

following equation for the motion of the system is, 

   ( ) FxKAAkyy
K

AA
cym pBAaf

c

BA −+=+
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 +
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22

.             (12) 

The above equation shows that the mechanical design of the linear actuator and the spool valve 

have a significant influence on the overall dynamics of the T-EHA. The design parameters create an 

effective damping effect for the system, and provide adequate gain relationship between the input 

motion of the spool valve and the output motion of the load.  The T-EHA is used to undertake 

accurate positioning of the load at the required actuator stroke within the operating range of the tele-

operation. Such position-controlled tele-operation will require the operator to rely on the feedback 

displacement of the actuator [6,7]. At this moment, the operational evaluation is based on direct 

visual feedback during tele-operation [8,9,10]. By neglecting the inertia and viscous damping, Eq. 

12 may be simplified as follows,  

   

( ) FxKAAky pBAaf −+= η ,

                     

(13) 

where the block diagram representing the equation of the position control are shown in Fig. 3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 The Position-Control Block Diagram of T-EHA 

By using a standard on-off controller, the control law for the displacement of the valve can be 

written as, 

   



<

=
=

voltvifstop

voltvifmove
vx

24),(0

24),(1
][

,                 (14) 

where v represents the input voltage on the T-EHA. 
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Conclusion 

The development of position control tele-operated electro-hydraulic actuator (T-EHA) for remote 

tele-operation system for a mini-excavator is being conducted at the Centre for Advanced Research 

on Energy, Universiti Teknikal Malaysia Melaka. The objective of the study is to fabricate an 

integrated system of 2.4 GHz radio controlled transmitter unit and electro-hydraulic actuator. The 

unit will serve as remote-controlled master-slave system. The platform will also be used to provide 

variety information regarding to the use of energy efficient solar system in powering the T-EHA on 

a construction machine in remote area. Preliminary position control mathematical modelling and the 

operational evaluation has been presented in the paper.  
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