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Identification and Control of Position Control System for
Electro-Hydraulic Actuator (EHA)
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Abstract : In this paper,
electro-hydrostatic actuator(EHA) systems with

an optimal PID sliding mode controller is proposed for the position control of
system uncertainties and saturation in the motor. An EHA

prototype is developed and system modeling and parameter identification are executed. Then, optimal PID and

optimal anti-windup PID controller are designed based on identified system model by using optimization toolbox

in MATLAB/Simulink and the performance of the two control systems are compared by experiment. It was found

that the optimal anti-windup PID control system has better performance than the optimal anti-windup PID control

system.
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Fig. 2 Photo of EHA prototype
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Table 1 Specification for the EHA prototype

value

1585 N

specification target

1531 N

stall force

+50.3 mm
133.9~140.7 mm/s
8.46 kW

+50 mm
128~148 mm/s
8.2 kW

stroke

velocity

power
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Table 2 Specification for hydraulic pump of the
EHA prototype

specification value
fixed displacement axial
type piston pump (bidirectional)
number of piston 7
displacement 5x10° m’
maximum pressure 20.6x10° Pa

Table 3 Specification for electric motor of the EHA

prototype

specification value
type Brushless PM motor

DC link voltage 270 V

rated current 524 A

rated torque 13.4 N'm

max speed 10,000 rpm
power 9 kW
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Table 4 Specification for accumulator of the EHA

prototype
specification value
type bladder
gas precharge pressure 0.49x10° Pa
accumulator volume 0.7 L
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Table 5 Specification for hydraulic cylinder of the
EHA prototype

specification value

type double rod double acting

piston diameter 0.0108 m

diameter of rod 0.0044 m
stroke 0.1060 m

maximun pressure 20.6x10° Pa

Fig. 3 The position control system of EHA prototype
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Table 6 Control gains for position control system

of EHA prototype

gain value
) proportional 1034
Optimal ;
integrated 18.4
PID —
derivative 4.7
) proportional 1680
Optimal ;
o integrated 1088
anti-windup —
derivative 416
PID — -
anti-windup gain 0.002

Table 7 comparison of the performance of PID and

optimal anti-windup PID control systems

Performance optimal PID optimal ;ﬁt)l-wmdup

Overshoot 12% 5%

Settling time 1.5sec 0.8sec

Time delay 0.31sec 0.25sec
5.8 E

B AFdgE Y Bz 4" A5719 3
o EA B IS Alojste] AAYE Aofst
7] o] A|zEo] Be g e JduAwe TF3
7] Wz o] vl H=& AT fed Aol
E1Ql EHA A28l A7t s statt.

g A" BAAES TESA7|HAE EHAY
HAEZ SAS 78 + =S EHA Z2EEY
o] Zt AXIES AA/AA 3 EH EHA T2 &
EFQ] AAle] Al2RlS FAsIT LREAQD PID
Ao}7lE Aee EHA T2EEk] 91340 A)2H
o el mME $RAES FASFIA g W),
ARE Ay IO AW AVLEY AFZe}

Aot b AEd eHFET BATS Ads
1 skt
web B Ao anti-windup PID #l0}7]&
EHA =Z=ZEE}]] fAAe] A|2Hol| A&t
anti-windup PID #A|o}71¢] HAAQ A& S8,
EHA Z2EEY] XAl0] Al2dlel tigh 2y o
ey A4S Bl dEPSE =L TF
H ALY BHEAS A 9 Faeoda A
oAt =3, 5HE EHA Z2ZEEY $XA19
Al2=Hlo] Agets 2 MATLAB/Simulinke] # 28}
toolboxZ ©]-83}4] anti-windup $XA|o] A|2~H 2]
HAAJE g3t
Rk#<Q] PID Alo71E 83 EHA Z2EEY
AxA| o] A28} anti-windup PID A|o]7]E Z-&
sk Ao A|2EY ErluE FHEAT %
Hln A3} HZ anti-windup PID A|o]7]& 283+
A, A7IEHY ARESE QA CHFEE A
sto g dubEQl PID A|oj71E &3 FH
3 =;

ts ¢ Aodss 78 F des BA

o

ofit 1l

of
ofr

~

g4

o

1. S. R. Habibhi, A. Goldenberg, 1999, "A

Mechatronics Approach for the Design of a
High  Performance  ElectroHydraulic
Actuator”,  International = Off-Highway &
Powerplant Congress & Exposition Indianapolis,

New

Indiana.
2. E. Sampson, S. R. Habibi, Y. Chinniah, R.

Burton, 2005, “Model identification of the
electrohydraulic  actuator for small signal
inputs”, In Bath workshop on power

transmission and motion control (PTMC 2005),
18th. University of Bath, United Kingdom.

3. Y. Chinnaiah, R. Borton, and S. Habibi, 2006,

"Failure Monitoring in a High Performance
Hydrostatic  Actuation System using the
Extended Kalman Filter”, Mechatronics, Vol. 16,

No. 10, pp. 643-653.

|
]
(o))
I



EE R R

4. N. Aoshima, 1984, "Measurement of nonlinear
vibration by signal compression method,” Proc.
of the Acoustical Society of America, vol. 76,
no. 3, pp. 794-801.

5. S. H. Park, J. M. Lee, J. S. Kim, 2009, “Robust
control of the pressure in a control-cylinder
with direct drive valve for the variable
displacement axial piston pump’, Pro. of
IMechE, Part I: Journal of Systems and Control
Engineering, vol. 223, no. 4.

6. G. P. Liuy, S. Daley, 2000, "Optimal-tuning
nonlinear PID control of hydraulic systems”,
Control Engineering Practice, vol. 8, no. 9, pp.
1045-1053.

_77_





