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Today, reduction of CO;, exhaustion gas for global-warming prevention becomes important issues
in alt industrial fields. Hydraulic systems have been widely used in industrial applications due to
high power density and so on. However hydraufic pump is always being operated by engine or
electric motor in the conventional hydraulic system. Therefore most of the conventional hydraulic
system js not efficient system. Recently, an electro-hydraulic hybrid system, which combines
electric and hydraulic technology in a compact unit, can be adapted to a wide variety of force,
speed and torque requirements. In the electro-hydraulic hybrid system, hydraulic pump is
operated by electric motor only when hydraulic power is needed. Therefore the electro-hydraulic
system can reduce the energy consumption drastically when compared fo the conventional
hydraulic systems,

This paper presents a new kind of hydraulic load simulator which is composed of electro-
hydraulic hybrid system. Disturbances in the real working condition make the control performance
decrease or go bad. QFT controller is designed to eliminate or reduce the disturbance and
improve the control performance of the electro-hydraulic load simulator. Experimental results
show that the proposed controller is verified to apply for electro-hydraulic hybrid system with
varied external disturbances.
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Fig. 1 Schematic diagram of electro-hydraulic hybrid
system
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Fig. 2 Hydraulic circuit of electro-hydraulic hybrid load

simulator
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Fig. 3 Schematic diagram of electro-hydraulic hybrid
load simulator

Table 1 Electro-hydraulic hybrid load simulator
parameter
Components Specification Setting
AC ) cor YASKAWA
SErvo motor ELECTRIC | 2.9kW, 2000rpm
(Test part) P
SGMGH-30PCA21
Hydraulic Piston PUMP "
Pump (Test part) Displacement 16cc/rev
AC servo motor
. OTIS-LG .
(Dlstufbance FMA-KN55-EBOI 5.5kW, 2000rpm
Generation part)
Hydraulic Pump
(Disturbance Dispgiﬁrl;en " 15¢e/rev
Generation part) P
Rod Dia.: 35mm
Cylinder HYE MYUNG mw
(Test part) 201H-FA63-1508T | 2oke : 1oUmm
Cyl. Dia.: 63mm
; Rod Dia.: 35mm
( omder HYEMYUNG " —— =
Gonoation e | 210H-FY63BB10S | Stroke : 105mm_
jeneration part) Cyl. Dia.:63mm

Test park
v,

Load veth

Fig. 4 Photograph of experimental of electro-hydraulic
hybrid actuator

3.QFT Ho{7| 4HA

3.1 QFT Aloj7] HA ol&

Quantitative feedback theory (13} QFT)& F% 3}
d Alage] v dd A 549 Yol s &5t
3G A2E A TS 9] A AojolE
o]t}b o] Aojol2L 1960 Wil Horowitz’ o ]3]



HIHUISESIK M 26 # 2% pp. 45-53

February 2009 / 48

AL AR, Td o3 TAHAT. QFT =
Fog GQelre MAE VEeR 0 d43
Q1 A7 oA A"le] B Aojr] Al A&
Aol Wi AAFTH

Fig. 5 9 P(s), Gs5) E F)= 2334 L 3
3t e SYHE, 45 RV 2 49 %EH
Xﬁ?&*e Zkzh ebd Fig 5 oA Alol7] Gs)

= ZY9E P9 B84 93 29 w7t 3
foahel] EAEE, 13 9T 4, 9 FFS
7tedt HA FASEE dA=gor gl =3
42 9H FoE 879 ADFI %S 253

= 47=ofo B’

3.1.1 293N

dubAl = AojAle dAERE ALY
oAl FoljATh %—ﬂ%‘-j’s‘lﬂd}/ﬂ FqHE= QFT
of 2§ AAE daME AL FQoM Fox
AAANGE Fupdde AAzAcR W
deof Fat4 de 545 FAH4E vl 9&4

QFT 77 Alol7] AdA9 A GAZA &
AGgror EaHT e Zolhe= 740}
2 dFqMe A7 A dolee My /\m
7t A2gF IAg T4 4¥93¢ FAF ¢
S ERE A2ge F8 BOAT d9g FEo

drﬁms)

oﬂm Flant | sy
s )—"ﬁ)"{ L”"{ P ?—"‘*?"‘“";,}

Fig. 5 Structure of QFT control algorithm
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Fig. 6 Identification of the system model using PRBS
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Fig. 7 Frequency responses of electro-hydraulic hybrid

actuator
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Fig. 8 Desired performance of system
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Table 2 Experiment result of PID controller to the step
response (Reference force : 2000N)

Td T T
Disturbance ! : Steady

(kN) (delay (rise (settling Stat'i error

time:sec) | time:sec) | time:sec) (%)
0.79 0.79 1.277 1.52 2.3
1.57 0.418 1.17 1.49 2.2
2.36 0.437 1.207 1.49 4.1
3.14 0.428 1.261 1.615 3.5

Table 3 Experiment result of QFT controller to the step
response (Reference force : 2000N)
Td Tr Ts

Disturbance Steady
(kN) (delay (rise (settling state; error
time:sec) | time:sec) | time:sec) (%)

0.79 0.378 1.024 1.328 1

1.57 0.379 1.022 1312 1.05
2.36 0.379 1.018 1.312 1.4
3.14 0.387 1.017 1.305 1.45
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AE R AL AT Aol e Age ek
AL, $7 A7 A AAZEo] 0.292~0.441sec, FE
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Zvzro] i@ FHANA iE @ AsIt ARF
QAT dsAZE, BEANL D LA L
27} AelAE AgE YERa, 3H 9492
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