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A Study on the Bucket Tip's Position Control
for the Intelligent Excavation System
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Abstract: For the bucket tip position control of the excavator, a traditional hydraulic excavator system was
exchanged into an electro-hydraulic one. EPPR valves are attached to the traditional MCV and hydraulic
joysticks are replaced by electronic ones to develop the electro-hydraulic system. To control the electronic

pump with a good performance, the control logic for the pump is deduced from the AMESim simulation and

the experimental method on the test bench. To get a good position control performance of the excavator bucket
tip, PI+AntiWindup controller is selected as a position controller. The experimental results showed the good

controllability for the electro-hydraulic excavator system on the test bench.
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was changed
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Fig. 6 Block diagram of Pl + AntiWindup controller
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Fig. 7 Test result of Pl, PI-Anti-Windup controller
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Table 1 Test result of basic performance test

Spool Hys.[mm] Flowrate Hys.[lpm]
T ENEREAEEErNE
Boom1 0.602 | 0.28 53.5 13.8 2.8 79.7
Boom2 0.488 | 0.174 | 64.3 37.2 3.5 90.6
Arm1 1.11 0.752 | 32.3 22.2 5.4 75.7
Arm2 1.143 | 1.046 8.5 211 7.7 63.5
Bucket 0.427 | 0.283 | 33.7 20.9 3.6 82.8
Swing 1.434 | 0.625 56.4 27.2 9.8 64.0
Trevel Left | 0.461 0.2 56.6 18.8 10.9 42.0
Trevel Right | 0.404 | 0.131 67.6 18.7 4.3 77.0
Avg 0.758 | 0.436 | 42.5 22.5 6 73.3
WA Bz AR Aols AEW BUR
A

EPPRVZ A|oj7} B2.& Hysteresis?t £,
Z3} Y3 WY O F Hysteresiss AAT 4 Utk
¥ 4-2% B2 Hysteresis /A d3E Yehd)
A} Hx o] Hysteresist Hd %4[%] 74T

Table 2 Test result of the pump performance

Pump Angle[deg]
7|E WM Diff.
Pump 1 1.059 0.037 96.5
Pump 2 1.098 0.094 91.4
Avg 1.078 0.065 94.0
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Fig. 9 Test result of bucket tip's X position
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Table 3 Steady-state error when bucket
position was changed

tip's

steady-state rate[ %] working range
error [mm] [mm]
X direction 1.6 0.02 7,240
Y direction 1.5 0.01 12,630
Boom Cyl. 0.1 0.01 1,040
Arm Cyl. 0.3 0.03 1,085
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