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A Study on the Hydraulic Simulation of Automatic Excavation System
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Abstract

Hydraulic excavators have been one of the most popular devices in the various industries for
construction, forestry and agriculture etc. Because the excavators generally work in poor environment,
the various organizations study to automate those. In this paper, a hydraulic simulation for evaluation
of automatical excavation system is presented. It is using the AMESim based on the 1.5 ton excavator
with fixed displacement pumps, and operated by signals those control pilot pressure to spools of the
main control valve. The main control valve is regarded that only consists of boom, arm and bucket.
This simulation program is expected to apply to evaluation of the controller for automatic excavation
system and to estimate of effect in accordance with change of some components or parameter.
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Fig. 1 Circuit diagram of boom valve

Fig. 2 Stroke-open area characteristics
of boom valve
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it J/5 angular disp. is bigger than 0, signal iz 1

Port A (J/'S =0)

p—

Port B (J/S =0)

if J/5 angular dizp. iz less than 0, signal is 1

Fig. 5 AMESIim modeling of joystick
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Fig. 6 Coordinate system of attachment
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Fig. 8 Attachment modeling using AMESIim
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Table 1 Specification of cylinders

Boom Arm Bucket
Piston diameter 55mm 55mm 55mm
Rod diameter 30mm 30mm 30mm

Length of stroke | 0.38m 0.39m 0.3m
Free length 0.62m 0.62m 0.52m
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Fig. 9 Circuit diagram of simulation program
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Pressure(MPa)

Pressure(MPa)

Pressure(MPa)

T
4

Time(sec)

Fig. 10 Cylinder pressure in single operation

Table 2 Input signal-moving direction characteristics

Boom Arm Bucket
+ (positive) up in in
- (negative) down out out

—— Recycle — — Non-recyclei

Stroke(m)

8 1
Time(sec)

Fig. 11 Effectiveness of recycle line
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Fig. 12 Input signal for complex operation
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Fig. 13 Cylinder pressure
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Fig. 14 Cylinder stroke
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Fig. 15 Relative angular positions

Fig. 16 A scene of animation
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