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A Study on Stability of Excavator using ZMP
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Abstract —

The hydraulic excavator has been a popular research object for automation because of its multi-workings and economic
efficiency. When it works crane tasks, most of disasters happen. The stability of the excavator having crane function has
a close relation with excavator's posture, motion and load. In this paper, the stability of tipping-over has been analysed
using Zero Moment Point(ZMP),
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Fig. 1 Coordinate system of hydraulic excavator
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Xy = Llsin (91 (1)

z,= L,cos 6,

x2=x1+Lgsin(91+02) (2)
29 = 2y + LzCOS (61 + 62)

x3 = xy+ Lysin (6, + G, + 63) 3)
23 = 22+L3COS(01 + 02+63)
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xlg=llsin(6’1—81) (4)
z21,={ cos (6,—8,)

x2g=x1+lzsin(01+02—62) (5)
Zzg=21+ 12005(01+02“82)
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Fig. 2 Schematic diagram of attachment
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Fig. 3 Definition of Vectors for System
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Table 1 Parameters of hydraulic excavator used in
computer simulation

Para. Value Para. Value
mg 8950 fkg] L, 5.68 [m]
my 8889 [kg] L; 292 [m]
m; 2152 [kgl Ls 1.46 [m]
m; 879 fkg] I 2.7 [m]
m; 830 [kg} 1 0.623 [m]
Xa -1 [m] I3 0.553 [m]
Za 1.69 [m] J1 12.4 [deg.]
Xp 0 [m] J2 13.8 [deg.]
zp 0.65 [m] ds3 26.2 [deg.]
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