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Disturbance Observer based Feedback Linearization Control
for Electro-Hydraulic Servo Systems

SR

=k +
5.8 A %

(Daehee Won - Wonhee Kim + Chung Choo Chung)

Abstract - We propose a disturbance observer(DOB) based feedback linearization control to improve position tracking
performance in the presence of disturbance. The proposed method consists of a disturbance observer and a feedback
linearization controller. The disturbance observer is designed to estimate the load force disturbance in electro-hydraulic
systems. An auxiliary state variable is proposed in order to avoid amplification of the measurement noises in the disturbance
observer. Using the estimated disturbance enables the Electro-hydraulic servo systems(EHS) dynamics to be changed into
feedback linearization from. In order to compensate for the disturbance and to track the desired position, the feedback
linearization based controller is proposed. The proposed method has a simple structure which can easily be implemented in
practice. As a result, the proposed method improves the position tracking performance in the presence of disturbance. Its

performance is validated via simulations.
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Fig. 1 The structure of an electro-hydraulic servo system
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Fig. 2 Block diagram of the control system

AMolM &Y h()Q f(+), g()k p(+)ol et Lie
derivatives WEE AA m=d AgstE 40E AlQ)9 MZL
HEEE 018ato] i HeEtehH A(1)2 ol 2ol FHEL.

z.1: 2
2= 23
23= alz)+ B(zu)u

Yy=2

*(z4h2d*a4t.i

0710114
alz) == a hyz, — (@, +ayhy +a3h, )z,

B(zu) = ayh, \/Ps - Sgn(u)(

— (aﬂz +h, )z3,

a2y Tayzy +24 )

ag

AAZ 299 u=w LAYt Aojse Fot £, Qg 4
= 58T 4 gl WRd ARA 5E € £ gl AOE
0]gsto] Mol71E AFHACE HAIGH] ofgh metd, 2 =7
ME =& Jhse A Wes ool - 8 Eols Al
W4 -8 olelel 2ol A "ol B,

z =1z,

Zy =Ty (10)

2y = 23,,_a4d

O710IA] =z, :7alx1*a2x2+a,3x30111}. om A(9E Tt

z.2: 2, —a,d
2:3: a, (z)+ B, (z,u)u+ a,a,d— a4d
Yy=2z

amn

o710l A
Q, (2)=— a hyz, — (a1 +ayh, +azhy )z2 — (a2 +h, )23"7

a2y tayz, +z;

B, (zu) = azh, \/P9 —sgn(u)

oct.
Al ADOIME HAl Q& d= & 4= Qle #tol7] migo] &

as

I wet ME AlAHEIS BIME o2t WFT| J|gtu =8 M3 Hof

Trans. KIEE. Vol. 64, No. 2, FEB, 2015

=ROIAE 119 2,9 TAAS olgst] Qg
Asto] QEte T|ESH BFHE Qe 48 Aoj7] AAo] o835t
A} stk

(L
X e
I
N
il
1w

ol

3. Qg #=7] 76 mjed L3k [oj

a1 giet ol
3 THA] A5t

é‘é -ll)ll

d= (12)
Ay

B Qe 4O FYsll, Tt BE QAE ofet 2
ol HOIFITY.

d=d—d (13)

gt TE719] 718 595} Alg ofzfet Zo] FQkSit.

d=1,d= zv( S ] (14)

o710lA 1,2 BF7] OlS0|Th
2 =Roke defdse S83d Botel njEol o &
AE et €0l 7hdsith

718 1. EHS 898t A(6)9 ME#S: 2= [z 2,20,]" & BF
£d0] 7ksoiH, ot 49 niE glol tiside thed &=He
B ol A% 4,7t EXgi,

51:p|d'(t)| < dmax 15)

AoHel ot #F719] 718 598t Al(14)0lM= HE9 &
7 2,0l ARBEI o) 58 ®§g S0 Qg ¥go] I
gelo] dAEs A& ogA Hoh 2 =RolMe od
EAIE didstr] Qo HEWS ¢E thaat Zo] Mekeith

p— 5 22

§—d+loa—4 (16)

HEWS 0] B0 Al ThST 2Tt

'§:fln§+lnﬁ+liﬁ amn

a, ay

299

www.dbpia.co.kr



HM7|1&s =g X 643 25 20154 28

o 1.
7V 19 AA st HEHS: ¢9F ¢
0] 22 Q& &= Q%o V= S

flio LO
20
I o
o
O

ldl< e~ “a()l+ lip(t ) (18)

0

o7101A p(t)e V=0, p(t) =ld 9 =AS WEst= ALY
Sl gH4olth e

8 HE W50l 9 BEY] QR AlZH] thet MRS o}
Zot 2.

&= d+ lnﬁ 19
a,

d=d—d (20)

Aol A(19)E thYskal, Al(12)-(13), A16)-(UNE olg
st olgfet & Qg HET] @A 593 Alg g8 4 AT

d=d—d
=d—(E-1,2/a,)

=d— [— (e— lzz/a4)+lvz3“/a4—lu(zgn/%—
=d- I (d— d)

7l0d+d

d)] @1

g H91 ol @ 50l S }REIKI Pop Yxo) 28
g0 EApoIE B O lo%k% YuEoR 718 4 ok
ol IEY W] 13 %9

B57] 05 UG MG
H

= &}
- =
7] tigol #5719 +EEEE wEA g 5 e B oflzt

Hoh 5, 8 =FolA FMers i

0|

rlo
i)

32 m|=d M3t Aoj7] 4A

ol Holxe Lt BEVIZREH #5E Y dg 01&5o]
ued molZ1g AL 2 =%dAe & dH9 S3XE
ORziet o] Folgttt.

A=af, 2 =al z‘f—z‘f —ajl (22)

oi7lo1A  af, 2t 27 TAES EE RS &I
% =—aa] —ayry +aziOlH, ZF HE O £E QAE ofet &

ol FOIFITY,

300

S
G TATA

_
e =% "% (23)
ey =€, +a,d

071014 e, =25 — =, OILE A1(16)-(1Noll o AZE etk

Al23)g olgsh m=y Agst mofHzlg ofier Zo] AA &
& Qlrh
1 d
u= m[%—% (z)+ ke, (o)

+kye, +kyeqy — a2a4cAi+ dﬁﬂ

OA7100A k., k,, k, = A0} O150|Th

Fig. 2&= 9t #F7] 7|8 nl=w AEs mMojAlA”Ee] £
T2 UEMICH =3 27158 9 ¢= =F%E AN 29 Alo]
dg wE ARESH %éém, BEE Q2 avt Z+ AElY @A
=)

g AgSlo] Aol o
33 HEZ AIA"HY OHEE 14

MEsteEl EHS s¢ist Al(11)o]
& gstH thgat Zrh

2209 Tled wo] HES

2= 2+ ke, +hye, +k3630+a2a4(~1— a4gl (25)

8 g olgalol Tl el 0 oA Bos
g tem 2ol 98 4 Yok

es=—kye, —kyey — kyes — (L a, — kya, +aya,)d+a,d (26)
mleu mo} AlAEE O #5719 oFf BYE Ag &
S HEm AlAHe] off BOE Ale rhedt 2o LiEh 4
ACk
=@
e,—e, ta,d=e.
SR o @7
e,=—ke; —kye, —kyes — (lua,_1 —kya, +aya, )d+ a,d
et
Aleng dEA0Z BIsHH thail 4Tt
e.d Ae, +6(d)
0 1 0 O 0
0 0 1 0 0 28)
B Rl e e “d " a.d
0o 0 o0 —I, d
o171 A e, =lee, e, EZ] T o, k,=1a,—ka, +a2a4O]E}.

www.dbpia.co.kr



O|Z 2.
2282 @i B8t Alg THEiAL IEla, Q@ BEY
16)-(A7N0IA EZ7 Ol% 1,0 &0]al 4,01 HurwitzOl2}H,

_[olr

e, IS asiod A
2 max (P) ma\
B =lele, =22 Qto= Sojot $A B9l T

>‘min (Q)
F2r) PO Q= PA,+ATP=—QE USsh= UoHE digolth e

=W, HRIZ A2H @2 PAE Lyapunov candidate
functiong CHZIH Zo] FOJgirh

V,=elPe, (29)

c

o7loM P2 & obg ddolm, 1,9 Azt gt niEe
ORzfiet &t

I};l: eq P e.uz"' eZP €a
= el A Ae, o)+ (A,0,+0(d) Pe, (30)
=el(PA,+ATPe,+2¢ TP(S( d)

PA,+ATP= Q2 BESIE
V,2 okt 2

o
0z
02
1
N
b
=
el
=2

—el Qe +2e]P3(d) 31)

A=

Q L9 541 3180l 7hgst Qg niEge] §A4 A7
ZAe ofEiet &tk

)‘min (Q) ” Ca H : = €§Q€d = )‘max (Q) H €a ” : (32)
s(d) < ayd,,,. (33)
A(32)-(33)9] =HE Al&sto] ABDE Tl FelotH The

3 2ol Lehd 4 9ok

V<=2 (@ ey |12 +2a,0,, (P, e, | (34)

d— min max(

AGBHCERE,  ¢,2 AFEeR  Zasld 7

2a /\max (P)dma\ =
B,. = ed‘ H €4 H = 4)\7(@ Q_I'_Q.E EO'IQ]' %‘7:1] B,(\:)_}Oﬂ

HEEL. &

4, NEHOIH A

RO A|01719] Hi] F5 Hdsg g5 fIsto] AlEH 0]
Hg +3EI9on, B 12 AlEH oA ] /\}%E Hae Zhe LIEL
U, "ot Aoj7|9t ofefel Ze Adut PIDA|0]7](Case 1),
med A3t Ao (Case 2)9F 1 ’S%% | 0 SHATE.

M7l e MR AlAmel 8|MY elet 2ET| JlutEl Sy M E st X of

E 1 AlEgoldo AMgHE

Trans. KIEE. Vol. 64, No. 2, FEB, 2015

Fl W g

Table 1 EHS and Controller Parameters

M 2 A
M=10 kg K=50 N/m
B=1000 Ns/m G =06

A,=4812x10""m’

B, =1.8x10°N/m?

V, =6.2x10"°m?

G, =2.48815x10""* m*/Ns

G, =1.666>x10"“m’/Ns

w=52x10"" m

p=2840 kg/m? k,=1.33x10">m/mA
P, =12.0x10° N/m? 1, =150
k, = 1.5696 < 10" k, =3.3x10°
ky = 1.576 > 10° k; =660

Position [mm]

—FL |
FL w/ DOB

Time [sec]

a) 91X F5 ds

o
»n =

=
o
T

Position error [mm]
<

FLw/DOB|J
T

3 4 5 6 7 8
Time [sec]

b) 9IA =5 @A

Current [mA]

FL w/ DOB

3 4 5 6 7 8
Time [sec]

o Ao g

I8 3 Case 1(PID), Case

2(FL)I AQHe Aol (FL w/

DOB)9] 1K Ao] d&
Fig. 3 Position tracking performance of the Case 1(PID),
Case 2(FL), and proposed method (FL w/ DOB)
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