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Trajectory Control of a Hydraulic Excavator using Adaptive-Robust Control Method

Choi Jong-Hwan™*, Kim Yong-Seok™", Kim Seung-Soo™, Yang Soon-Yong ™"

{ Abstract }

This paper proposes a combined controller frame of the adaptive robust control(ARC) and the sliding mode control(SMC)
for the trajectory tracking control of the excavator to preserve the advantages of the both methods while overcoming their
drawbacks, namely, asymptotic stability of adaptive system for parametric uncertainties and guaranteed transient performance
of sliding mode control for both parametric uncertainties and external disturbance. The suggested control technique is applied
for the tracking of a straight-line motion of end-effector of manipulators, and through computer simulations, its trajectory
tracking performances and the robustness to payload variation and uncertainties are illustrated.
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Fig. 2 Schematic diagram of boom circuit

- 187 -



Fig. 2& 23N 247] Bof gidt f4si2=g Y
BT glon, o, B3l BE FU% 12 E 2=t oy B
o H2E YNt & AAE] Y3te] §E(head)E
o] 1gto] =ui, o3}t WAl H Lo ZE(rod)Zo| LYol
Het d)20] YA o) 9Jdto] AF WYo) i3t Hat A
AY HE2 9 2EZ 8% Qu, Qut A1), ()2 2ol
239

D 22094
Qb =kgp Xy (B — Puv) 0))
Q2 =kgb xv |[(P2y - Pr)

@ x,¢<09d
Quw=kgb xy |J(P1s - P+ ) )
Qb =kgp xy \J(Ps — P2p)

A7H x, & ABEY, P9 P, S 22 TRYUD
Beid, P9 Pyt 22 AUd a3 2E2 g,
kot SFAREA ky=co0f L otk o714 ok
BY AZ9 2ABA $A4, 0k UH ZEY BuY
Fol, o= 255 US 52 epuct, A5Rof o
2299 o) 253 342 A0), (49} 22, 4Ud £F
4442 A(S)9 2T,

. Vi
Q1 ~ Cp(Pis — Pas) = Ay %» +22 Py

Be 3)
b)), . Vib ;
=4 6y + 2L p
16 a(xs) b+ B th
~ Q2+ Cp(Pis — Pop) =~ Aapis + Yoy P
Pe “)
86p) 5 | Vb 4
= — Ay —227 6, P
A2 ) s + B 26
mii + Dy = (A Pio ~ A P )+ Fa ()

A7N4 m, = £ 7 2%, x, v AUY Y, DS
C, & Add W didAset FhAs, 8 = AXGAA =,
ApSt Ay AYdY ¥39 £35 99%, Vi, 9 Ve

gay F29 43, 0,= 29 2ug, 2% L uoaz
axb

A, Foe A8HAY 93 32 47 veidch

2.2 2A7) B 2Y

Fig 32 247) 2931 AFES vehieh. 240) &
PAL 2, &, WALZ o|2H 3A4E HYEHolH
geg 3a glon, 4 9L 49 WRE AAYS 758
hom3 IE 2 $RY %3 w4 SUES vehis,
6t 2 UH AT, L, 1, 5 £& 24 BAE vfe}
2ol 2ol ¢ 2= 4ol

Fig. 3 Schematic diagram of excavator attachment

F47) AGYAY £FYHUE Lagrange Y44 A8
o fzatd Ae) 2o

J(O)8 +C(6,0)6 + G®) = %(A;P; —A2P3) ©)

+Ty(¢t,6,0)

A7 KO e R = BAFOEAM g2l %9 A
golu, C(8, 8)e R¥ & 32|-&(Coriolis)g} Y4
o dat 3, GOHerR” & FYIE 47 Uehid.
0=10,,60,. 61" 7 BFY Zzdgoly,
P =[Py, P, Pul”, Py= [Py, Py, Py]" %
A =diagl Ay, Ay, AlT, Ay=diagl Ay, A Ayl ™
+ 47 AARA 5 AdYY i 2229 oty
got gz gdolct. T,e R¥ &= AUYAA 2UEA
o n¥ 5% LS I EIE gl £ 8 B
O g FETY AEFe) g8 FAHE Ay BIE
myol2ta Aostd, A(6)9 FF Ko, (6, o),
GO E mypol TTF FE= YUY () 2t

J@)=Jc @)+ IL(O)mys (N

- 188 -



C@,6)=C.(0,6)+CL(@ ,0)mL
G(6)=G:(6)+GL@)ms

017]k] ]c(e): ]L(6)9 Cc(&, 6), CL(@, 6)9
G0, GL(6) 5 0% 8o A= 7|13 YE&
e

3. Hioi7| 2H|

2 dFoMe f5F 24719 wA 28 A 2FA 0
AolA metuly EEAGH 2UY 24 F& ZE{ste 3
7 A7} getolg BE A7 S B A&
st Alof718 Ak Fig. 4ol AL A28 72
£ uetdn ok vl 29 71 A dste] 22HE
71& BAAEG HedEe dA #HGEY A7 A
of7| & At Yt FEYS TR, FUFA
setolg RE A7 S AHEste] 247 AARA o 28
dbe FalEe Yote FoHPoR FFIEF 3o ¥l
g9 A% FEAE FYUH

a

|

Allach, 9.
System

Hydrow, | L1t

Bystem

Fig. 4 Structure of the proposed control system
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Table 2 Parameters of excavator for simulations

Para Value Para. Value
A, | 00266 i [m?) my | 1260 [kg]
B| 4, | 00138 [m?)] 5, | 31000 [kgm?]
g Z | 172 [m I, | 564 [m]
M| S | 144 [m] L | 309 [m]
ks | 2.7x104 ) 108 [deg]
A, | 00154 [m?] m, | 638 [k
A |4 | 00075 [m?] L | 2060 [kgn?]
R| Z | 204 i[m] I, | 303 [m]
MES T 167 m) L, | 089 [m]
k, | 1.7x104 & 144 [deg]
B | 4 | 00133 [m?) m, 562 [kg]
U [ 4, | 00083 :[m?] L 675  [kgm?)
I(é z 1.66 [m] L 129 [m]
E| S | 105 [[m] I8 072 [m]
Tk, | 1x0 5 30 [deg]
D 3300 [Nsm] | p 711 [N.s/m‘]
g |1 o) | B | 150 (W]
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