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Fig. 1 The composition of intelligent excavator
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Fig. 2 The excavating trajectory of excavator
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Fig.3 Excavator working process

UNTEL 4 ez o 47 5 i b A TR HLAG AR T B

Fay 11 32 2l S o s — 59 3 Dk
B B3R

FE3 AT LU oy

gl tE€ 10,2t
ZE (tug 7tg7tdg)

Aglyg s
— ghug?
Vg (tug slyg ,ag)*

Aot (ty—1)

- $0€ [ Ly —lag 2Ly ]
(D
a.ts t€[0,2.. ]
Aglyss ASECIN et ¥

U (Lyg slgs sas) =
W;IEEL_L;”L]

(2)
A : v, coo 2000 R HE LA L B2 T HLAG 1% i
JE 5 tug ~tag 53 90 R HE R AILAG 00 sl B 8] 5 @,
He ARG IR BE 5 ¢, N HE ML IZ A7 I 8] 5 200 2,
53 ) R B LA fn B L Vs I R 5 SR 4R LAY
TR B s, AR HLAY I AT B [

v/(m+s™)

o t, 1y t/s

B4 ZEAAEE &

Fig. 4 Speed curve of excavating device
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Fig.5 Parameter relation in the process of excavating
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Fig. 6 Excavating volume schematic
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Fig. 7 Force analysis of excavating process
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Fig. 8 Excavating resistance decomposition diagram
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Tab.1 Parameters used in the calculation of resistance
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Fig. 9 The hoist and crowd force changes with time
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Tab.2 Main working parameters of WK-55 excavator
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Tab.3 Comparison of optimization parameters
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Fig. 12 The curves of speed.,trajectory,energy consumption of trajectory programming
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Optimal trajectory planning for intelligent excavators

SUN Wei, LI Eryang, WANG Xiaobang, GUO Zhenggang. LI Xudong, SONG Xueguan®

( School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract: In order to realize the intelligent excavation and the automatic trajectory control of the
excavator, an energy minimization based optimization method for the excavating trajectory of the
excavator is proposed. The excavating resistance acting on the dipper while excavating the materials is
studied. Besides, the gravity of the ore, the friction between the dipper and ore, the relative
excavating speeds and the flanks of the dipper are all taken into account to establish a new dynamic
prediction model for the excavating resistance of big miner excavator. By the newly built prediction
model of the excavating resistance and taking different pile angles into account, the energy
minimization based trajectory optimization model is built. This optimization takes both the structure
and performance into consideration by setting the objective function to minimize the energy
consumption per unit mass of the whole excavating process. WK-55 excavator is selected as a case
study and the optimal excavating parameters with respect to different pile angles are obtained. Results
show that the optimal excavating parameters can be always obtained to ensure the energy-minimum
excavation by meeting the requirement of the excavating efficiency under different pile angles, which

provides theoretical reference for the research and development of intelligent excavators.

Key words: intelligent excavator; excavating resistance; energy consumption



