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Trajectory Control of Excavator with Experimental Estimation of Cylinder Output Force
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Hydraulic excavator is one of the most widely used heavy machines in construction sites
including dismantling. In the dismantling sites, the excavators equipped with crusher or breaker
carry out dangerous operations, so drivers are always exposed to unexpected danger. For safety
operation, remote control of the hydraulic excavator has been studied using proportional control
valve, which requires an appropriate motion control of its bucket tip. In this case, kinematics and
dynamics analysis have to be preceded through modeling of excavator. However, it is difficult to
acquire reasonable results from the analysis due to insufficient information of physical parameters
such as mass of each links and locations of mass centers, efc. This study deals with the
trajectory control of bucket tip, which is based on experimental estimation of cylinder output force.
The estimated forces are fed into the control of each cylinder in order to compensate gravitational
and frictional effects in the cylinders. The control was applied to horizontal trajectories that are for
flattening work.

Key Words: Hydraulic Excavator (7 2F =471}, Gravity Compensation (58 24, Trajectory Control (# ZH 01}, Remote
Control (REXE)
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E = cylinder length of boom

a =cylinder length of arm

a = cylinder length of bucket

X, =x-axis of each link (i =0, 1, 2, 3)

Y = y-axis of each link (i =0, 1, 2, 3)

Z, = rotational axis of each link ( =0, 1, 2, 3)
6,= rotational angle of each link (i =1, 2, 3)

P = position vector of bucket tip
P, =x - coordinate of bucket tip

P =y - coordinate of bucket tip

6. = rotational angle of mass center ( =1, 2, 3)

L, o, = length of boom
L 0,0, = length of arm
Ly, o, = length of bucket

LO G;

M, = mass of each link (i =1, 2, 3)

V' = Coriolis and centripetal effects of each joint

G,= gravitational term of each link (i =1, 2, 3)
g = gravitational acceleration

= torques acting at each joint

= distance between joint and mass center (I

=1,2,3)



2L B33 x| A 287 135 pp, 48-55

January 2011 / 49

AY@t AARIIN wg Thre
o FguSel Agel 37 WEAL AP 4
NN e oA s glrk 3 FolA

A OPN

© rO o Of o @ 3o i odl

5
3 P
323}

2o

J

Zo
2lE FEdEdE B g 2 I8
o, vF Al ZgAY BEeA B
OYH £52 g ety F A}
At Aot A g FaNE o
APete A AR AF FA '/
9L 37 WP SAAn 59 Hdd
=EHo 9Ju}. olE BRIV s I B9
2a7)e] YAz Fd #% IJ77F Hirabayashi,’
Sasaki® Z# 3 Kim® o] 93] ®o] Pt
221719 47 AolE fiNT ¢4 vidAoY
BE o]&3la] Az wel Fay) 7+ g39
AYY FFol WA o]Fojzel dm, o]& ol&
gt} 2471 F2YL AldE 77 Quang® §
ol ofs) Wol X gt oy d FHY 21101
7} AFB o] FoiA 7] HAME FAve ndH
S % V7EA, 983 4o wEA "W
shoh. SHAIRE diREE e AL FAv] a3 FA
A A 4% Tl ﬂrﬂ @A #5E A
3] 4R R A9V 2ol &9 A&sa
A FHYL Ao 77t oH )

&
&

T 2 A

d

o] EXAME dA BT A Zol FEF B
23& 37 o A% FEEAIY A¥y &
H g dE 4Ed FA4L ;A S47] 9
o 2 "E AHAle] st A dia] oETh ol
£ HaAM 4 24719 7178 24 % NE=E
stel 249 JPsta, 9% B FH F
HARAS YT F PI Ao E F3 Z% REL

Fig. 1 Kinematics and dynamics modeling of excavator
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