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A Study on Sliding Mode Control of EHA System for Robust Control

Yong-Ho Park* and Sung-Hwan Park?

Abstract  The response characteristics of EHA systems are sensitive to the temperature
change of working fluid because the temperature of working fluid causes the variation of
system parameters such as effective bulk modulus and viscous friction coefficient. In
this paper, a precise position control of EHA system using the adaptive sliding mode
control system is suggested. The adapted system parameters such as effective bulk
modulus and viscous friction coefficient can be used for monitoring failures in the EHA
system which has potential applications in the industrial fields. Not only the accuracy
of adapted system parameters but also the improved performance and robustness in a
given reference position of the cylinder are verified by computer simulation using

AMESim software.
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and effective bulk modulus *®!

Fig. 401 Uehd upsh o] 4o %7}
A AEG BATE FAHDE EHAA
=¥ stabrlElel dFoolee] HAASI WS
s A,

o) s} o], AHE§ o
o] stetulElQl FE o
Elo] AASe] HES
Sl JFL 7AtkE AL ¢

2245 EHA A 2H

AHGYAT 2 Azl o]
F o
3. MOojAl A MHA

(¥ ERAME BHANSYS 949 tus
}\

S 4@ 99 A3-setold RE Ao)E o

0}10 oX

/@ AA Yo = E 4] ABE A1, 2000, 1

# SAA ] N2 BASAD, Ao Axd A
AR ALBAAFE BRASFE A2He
A% HelEE peadn. WE SuE o
3} 711)\]1;51;11 S FolFEr = M- O|2 L& 0]8-3}]
FEaHeH A ALY A5E HFE
NEHIAE ol §3tel Hrssint,

31 H3- £20|E 2= HOoZ7| dA

A &_gﬂ,o] o o

e SR B—

ANz HAE A%

Set]q HW 5B TP 2ol BAT £ 9
(8]

s=e+ et Ne ,

e HAFH LAE e,
= AA Fetvgoltt, EEtoldRE A7) A
oYy FAY ¢ o LT g E FAH A
%09 & =237 8 (13)F (149 =
st AFoole o yHEEdte] Sk U=
= #e(noise) S r=g,+z, 3 2o L] 2

o] ggtolg HHE wHS 4 (15)7 o] et

714,

E=Z;—

E =
. d’z; 2DBA B CB\ - -
= dt3_ 7 n (ﬂ_'_ 7 (:vm+:z:n)(15)
24°+ OB . A
+ 8, —M—Vb— r+2X et Ne
714, AR mH o2 4 dFe)E JMEx
o 33 2 F2 & vl
U, g #5387 918 (15)94 7t&Ede]
g g, % #AY BHAA 35 TG &
o)y HW s7F HAAAEN (s=0)°l A= AHeE A
ok ol d b 3lel (16)3 TEXASZRE

g 5 Ao

3
Oe A3 2e SAAMEE fE

MV [{ B G, -
"= A[]TJ+ i )(zm)} (16)
MV, 24+ CB\. L.
+ 2DpﬂeA [55 v, )z—(2)\e+)\ e)
FHE, TERAL WHEIL AP AHH



QS 3% Aol 9% EHA A29 9 Zefoid ZrAold A48 A7 8

é:—DS*KSgH(S) (17)

A71M, Do K& el & AA FetvEel
ot

gtoly BE Aoirlel Al A &
A Alegke] AA gevEQl

317§k D&}
Kl #sl ohg A (18)3 7] 7tAE 4 Uy
B C]ﬂe -
DlsI+ &, > S7al v, )%+77 (18)
2D A8, 2D AB,
7] x = pe ——r e = ok
A7, K, AT K, D, a, Do

o5 AA siehulE ol (18)9) 7H4 ahol 7t
ql Ao} F& thg Az ol AL,

U,.:Derngn(s) (19)

EHA A28 ARe4AS 59 A4AS B
v W% devHL Aad BRageR sge
S otk gebd (16)9 57t Aol GoRRH B

g44 vE 43 ol 498 & vk

L

¢=0"¢ (20)

r B, CGB.\(24°+CB
i, o[ B S [l | o
o= 2

x

ojth, setvie Wl g2 v g 7t

2

RO AFHY, AAEH o3 F4E &

o,

RS setuEe g AAWHE A
1

2)
213 Lyapunov SEE4E 4 (21)74 #o

30

79
& 5 U
_ 1o, 15r;
Vst 000 (21D

o] 714 f=0—0 ol 98t é% zvzy AA A 2E)
39 J2tH WEHE nig
ok =S ke FFG AA seniEelt &

Lyapunov @42 uvj&

orxE "x Fgulge Ui BAEEHE A
(22)8} 7ol AT 4 YT},

b= ks (22)

w2k Lyapunov &9 vl 4 (23)&
BE ST

V=—Ds* — Kssgn(s) <0 (23)

(23)0] tl3te] Tasalled] HIME oL &
B MAY EHA A5-&@)4dRET Ao AL
go] otAE 2UL BEFL & F gt

HAZNog HL-<&gold T AA L]
Aolga L A (24)9 Ze] AAHTH

. MV, -~ . .

u= o (9’¢>+2)\e+AQe)+ngn(s)+Ds (24)

QDpﬁ;A
St T dBﬁ P I 5z
A 7M1 B ’:?ﬂﬂii o, = MEFH A

242 olm gt

32 ®M2-220|d 2E HoA AR M5 Hot

oo ©

3.2.1 AMESimE o3 EHA A 25 e

AMESim 2ZEgol: fotaxde] A4 2
A He Z2awo g EHA AIAES 74 st
= 7t AEAES] 3 rAA HAERe o
dgon A4 Az SHI A AlBH oA
ARE £33 & s AFo) ok 'Y g B
AP AAE AolAzHe] LY AFE
7 98, EHANA8S Fig. 46 vebd msl 2
o] AMESIim< ol g-3te] mulg sttt

Fig. 4 Simulation diagram of an EHA system modeled
by the AMESim

shopl Az Ljol g akal x| AR A1E, 200. 1/ 75



% w83 .

AL - B =R T EHANZD S &
YR B ARY AE YAE IS AED
(]

o}, P Ee AL Table 1o Yebd npe}l 7o)
ig. 52 Fig.4¢l vYed AMESimS o] &3}
RAP% fABxe YA ZE2ETY ARE

=

N b
leakage -7 i ;
Piston2 | |
P

A
input

P | Piston3 i
J_ ston3 )
i

i '

¥ pump RPM

Barrel inertia

=

k___j I piston 4 H

TTTTTTY

@ i

@:_ H
L '

o —

Piston7

Fig. § Detailed schematic of hydraulic pump of EHA

=
=
i)
2

et

o
o
= 2
o e

ft 2 do

r
o
E

= ARgaoF gt o FEH <
of gk 4 AFY2 Table 20 HeRlUT

AFololH - EHA A|2"e] FoolH Y /%
ddve Fig. 49 vebd #¢}b o] AMESim
libraryel Al AFste 55 ¢2=d AEH 72
g o] gt R 3t AFololHA o
& A A Table 3o vehA AT

Table 2 Specification for accumulator of the EHA

system
specification value
acc. type bladder
gas precharge pressure 0.49x10° Pa
accumulator volume 0.7L

Table 3 Specification for hydraulic actuator of the
EHA system

specification

value

system actuator type double rod double acting
piston diameter 0.0108 m
Table 1 Specification for pump of the EHA system diameter of rod 0.0044 m
specification value length of stroke 0.0650 m
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Fig. 6 Reference position tracking performance for
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Table 4 Ceontrol gains for PID and ASMC system

gains value
proportional 4.2 107
integrated 500
derivative 2000
A 550
ASMC D 120
K 300
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