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Abstract: In this paper, a real-time simulation model of an excavator using Amesim was proposed, considered the

operation of functional valves with the main control valve (MCV). The hydraulic system models including the

pump and MCV have been developed. The kinematic and dynamic models of the manipulator have also been

developed, to confirm the behavior of the excavator. The MCV model includes various functional valves such as

the regenerative valves, holding valves, swing and boom priority valves, and regen-cut valves so that simulations

similar to real excavators can be performed. Additionally, to obtain the real-time calculation performance, the parts

with no major influence on the dynamic behavior were simplified, high frequency factors were removed, and

parameters were optimized. The models were compared with each other through the numerical analysis with

variable time-step and fixed time-step, and the results were verified by comparison with the results of the actual

vehicle tests
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Table 1 Parameter of engine and pump

Parameter Value
T Variable displacement
ype !
piston pump
Displacement 2 x 117 cc/rev
Pump Max. pressure 350 kgflem®
Related flow rate 2 x 117 L/min
Rated speed 1900 RPM
81.6 kgf'm
. Max. torque (at 1500 RPM)
Engine
Rated power 182.6 Hp
(at 1950 RPM)
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Table 2 Parameter of engine and pump

Parameter Value
. Boom @ 120x @ 85%1290 mm
Cﬁ;fr Arm  140% & 100x1510 mm
Bucket @ 120x @ 85x1290 mm
Cracking
pressure 350 kgflem®
[Cylinder]
Relief Overload
valve pressure 400 kgflem®
pressure | [Cylinder]
Cracking
pressure 265 kgf/em’
[Motor]
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Table 3 Actual vehicle test conditions for model

verification
Operating Load . .
Condition | Condition Specific Motion
Boom Up
No Load Arm Crowd
Single Bucket Crowd
Motion Boom Up
Load
Arm Crowd
(540 kgf)
Bucket Crowd
Boom Up + Arm Crowd
Complex + Bucket Crowd
} No Load
Motion Boom Up
+ Swing Left 180

Intel i5-8400 CPU7} “&2Hel & PC
ZF &2 REo]| i 7hd
(Variable) ¥ 11 A|ZF A (Fixed time step ; Euler
method, step size : 7e-5 sec)o.Z AlEFo]AHS Y
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Table 4 Accuracy of variable time step simulation

Operating and Load Disp. Accuracy Pressure
Condition (%) Accuracy (%)
Boom 99.25 94.40
Single No |-\ 1y 96.80 91.65
Load
Bucket 98.25 81.37
Boom 99.29 95.06
Single
Load Arm 95.89 91.31
Bucket 97.32 88.72
98.91 (Boom) | 92.54 (Boom)
Boom, Arm,
Complex and Bucket 97.41 (Arm) 91.44 (Arm)
No Load 98.35 (Bucket) | 76.02 (Bucket)
Boom, and 99.10 (Boom) | 90.57 (Boom)
Swing 96.31 (Swing) | 67.87 (Swing)
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Table 5 Accuracy of fixed time step simulation

Operating and Load | Disp. Accuracy Pressure
Condition (%) Accuracy (%)
Boom 99.00 94.11
Single
Arm 96.37 91.59
No Load
Bucket 98.25 81.34
Boom 99.28 94.73
Single
Arm 95.76 90.35
Load
Bucket 95.9 87.31
98.84 (Boom) | 92.22 (Boom)
Boom,
Arm, 97.36 (Arm) 91.31 (Arm)
and Bucket
Complex B 98.34 (Bucket) | 75.52 (Bucket)
No Load
Boom, and 98.92 (Boom) | 90.45 (Boom)
SWing | 9593 (Swing) | 67.81 (Swing)

Table 6 Real-time performance of simulation

Operating and Load Real-time performance index
Condition Variable Fixed
Boom 0.8422 0.4266
Single No
Arm 0.9714 0.4349
Load
Bucket 0.7875 0.4188
Boom 0.9406 0.4859
Single
Arm 0.9978 0.5016
Load
Bucket 0.8922 0.4859
Boom, Arm,
0.8438 0.5313
Complex | and Bucket
No Load Boom, and
. 1.7875 1.0875
Swing
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