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ADMITTANCE CONTROL OF AN ELECTRO-HYDRAULIC
SERVO-DRIVE

P. Wos', R. Dindorf

Abstract: The article describes the possibilities of electro-hydraulic servo-drive control in the admittance
system. The principle of admittance control is presented and a method for implementing this kind of control
for the servo drive controller has been proposed. Admittance method can be effective when there is a need
for exerting precise force. This kind of measure extends the capabilities of control systems which uses only
measurement of the displacement.
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1. Introduction

Control of position in combination with compensation of force load is required for many industrial tasks.
We have been dealing with these problems for decades. At this time, a number of mutually different
methods and algorithms were created (Peng et al., 2016; Shaer et al.,, 2017). Each of the proposed
methods contains a few advantages and disadvantages, and cannot be used to implement all tasks
(Rahmat et al., 2010; Yuan et al., 2017). Particularly drives, that require the coupling of the applied force.
It should be emphasized, that the methods of controlling the force position have a high computational
complexity that allows for control position and force of the hydraulic cylinder. All control method using
feedback from force must take into account the dynamic dependence between the position and reaction
force. So the force control is integrally linked with position control (Wos and Dindorf, 2016). At the same
time control method must ensure stable behavior of the system for changing the size of loading forces.
Therefore, it is difficult to realize the control system that is independent and insensitive to changes in
system load parameters (Kheowree and Kuntanapreeda, 2015).

2. Electro-hydraulic servo control system

Electro-hydraulic positioning systems are those systems in which changes of position, velocity and
acceleration actuator refer to the changes of technological load. In these techniques both proportional
valve and servo valve control are used. To control there are used the digital cards and groups of
regulators, amplifiers cards, set-point modules as well as sensors and setting units system (Stefanski and
Zawarczynski, 2016). In the case where the resistance of technological force and pressure in the chambers
of the actuator can be represented as variable state, then we can apply control circuits shown in Fig. 1b.
The block diagram of the force control looks like a position control system (Fig. 1a). The difference is
when we exchange the position sensor into the force sensor or pressure sensors. The continuous
measurement of load power technology is followed to maintain a stable position of the actuator with
varying external load. We have to maintain constant pressure in the chamber, which determines its
movement (Wos and Dindorf, 2013). Self-compensation occurs when the value of the loading force is
known and on that basis the regulator determines the correct signal. The card amplifier of valve control
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module is cooperating with inductive position measuring system of the slider separator (position control)
or module when it is controlled by the voltage (pressure control). This card usually contains standard
classical regulators P, PD or PID, a correction of nonlinearity, hysteresis restrictions distributor, steepness
of the fall and rise of the control signal, zero offset adjustment (Blasiak et al., 2017).
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Fig. 1: Position control (a) and force (b) system of the electro-hydraulic servo-drive: 1 — hydraulic
cylinder, 2 - proportional flow control valve, 3 - position and velocity measuring system,
4 — force sensor, 5 — pressure sensors, 6 - set point generator (SP)

Figure 2 presents view of experimental test-stand.
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Fig. 2: Test stand

3. Admittance control

The theory of control introduces the concepts of admittance control and impedance control (Hogan and
Buerger, n.d.; Richardson et al., 2005), which were introduced by analogy of mechanical systems to
electric ones. In the admittance, control signal from the force sensor is converted into position signals
(velocity) by modifying the operation of the control algorithm (Fernando et al., n.d.; Lee and Newman,
2014). This involves proper correction of the set-point position (velocity) based on the variables of force.
This approach gives rise to an external force control loop that is closed around the main control circuit.
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Fig. 3: A block diagram of the admittance control (AC) system: 1 - electro-hydraulic servo-drive,
2 - load sensor, 3 - admittance block, 4 - integrator block

The controller to control the position with force control was built. The mechanical impedance determines
the relationship between the force acting on the object and its velocity. Mechanical admittance is defined
as the inverse of the mechanical impedance (Jordan et al., 2015). The parameters of the admittance
controller are inertia, damping and stiffness. The input value of the regulator is the force error signal e,
and the output signal is the set velocity signal for the V' drive. Writing the output equation (1) in discrete
form we get expression for the value Vrof velocity for the subsequent runs of the control loop.
= V. (k-1
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where: M - inertia coefficient, B - damping factor, K - stiffness factor, T’s - sampling time.
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Fig. 4: Experimental results, according to the sinusoidal trajectory. a) displacement of the piston
cylinder, b) tracking the desired force pressure
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4. Conclusions

The hydraulic servo actuator applications are particularly important to stabilize the position of machine
elements that work for the whole range of displacements in which the characteristics of the propulsion
system must be capable of obtaining stable positions at any point throughout the operating range. Along
with control system they form servos with software or follower position control, velocity or strength.
Attempts to use electro-hydraulic servo actuators, which would be competitive to electric servo motors,
focus on the area of heavy-duty machines, which use high velocity and acceleration of movement. The
controlled system can perform the following tasks: free movement of the slide and exerting a given force
on the environment. An example of such behavior is a process where, in the initial phase, the servo-drive
slide moves to the set position, after that the further movement can take place with the appropriate set
force.
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