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Dynamic Analysis of an Excavator Using Experimental Data
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Abstract

This paper presents dynamic analysis of a hydraulic excavator based on experimental data. A

three dimensional multibody model of a hydraulic excavator is modeled for the computer simula-

tion, The hydraulic pressures acting on the cylinders are measured from experiments, and the
forces exerting on the cylinders are calculated from the measured pressures. Using these forces,
the dynamic analysis of the excavator is carried out to regenerate the motion in the computer

simulation. A proper operation scheme is assumed to match the computational result and the
experiment. The DADS program is used for the dynamic analysis.
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RJ*: Revolute joint*
UJ*: Universal joint*
SJ*: Spherical joint*

TJ*: Translational joint*

[1] Frame
[2] Boom
[3] Arm

[4] Bucket

[5] Yoke

[6] Connecting-rod
[7] Boom cylinder
[8] Arm cylinder
[9] Bucket cylinder
[10] Ground

Fig. 1 Configuration of an excavator
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Table 1 Inertia properties of an excavator

Body Name Mass ‘ Moment of inertia (Kg/m?) Center of mass (m)
(Kg) | Ixx | Iyy lzz | Ixy | Ixz | Iyz X Y z
Frame 15000 | 8653 |24333 |18992 | 1469.4 | —215.8| —4611 1.52 0.53 0.0
Boom 2366 618.6 | 9218.9| 9621.6| 2955 ~-0.7 0.4| —4.06 133 0.0
Arm 11015 96.4 | 1691.2| 17459 1839 —0.0 00| —7.72 | —0.47 0.0
Bucket 968.4 | 461.2 29911 353.1| —66.2 0.0 43| —7.86 | —3.49 0.0
Yoke 1 31.2 0.1 23 2.3 0.0 0.0 00| —810 | —2.17 0.1
Yoke 2 31.2 0.1 23 2.3 0.0 0.0 00{ —-810 | —2.17 —0.1
Con. Rod 1 62.4 0.2 4.4 44 0.0 0.0 00| —838 | —2.47 0.1
Con. Rod 2 62.4 0.2 44 44 0.0 0.0 0.0| —8.38 | —247 —0.1
Boom Cyl.1 159.3 1.0 53.1 53.1 0.0 0.0 00| —2.42 0.92 0.1
Boom Cyl.2 154.8 1.0 50.8 50.8 0.0 0.0 0.0 —3.11 1.48 0.1
Boom Cyl.3 159.3 1.0 53.1 53.1 0.0 0.0 00| —2.42 0.92 —0.1
Boom Cyl.4 154.8 1.0 50.8 50.8 0.0 0.0 0.0 -311 1.48 —0.1
Arm Cyl.1 199.3 1.0 81.6 81.6 0.0 0.0 00 —5.74 1.79 0.0
Arm Cyl.2 227 1.0 94.7 94.7 94.7 0.0 00| —6.73 1.55 0.0
Bucket Cyl.1 105.8 1.0 275 275 0.0 0.0 00| —829 | —0.56 0.0
Bucket Cyl.2 135.8 1.0 33.9 33.9 0.0 0.0 00| —839 | —1.45 0.0
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Fig. 2 Joint selection among frame, boom and boom
cylinder
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Table 2 Experimental data for boom operation

Operation Case 1 Case 2 Case 3
Pressure Pressure Pressure
Part | Motion (T;mf (kg/cm?) (ngje (kg/cm?) (Tsl:cl;-' (kg/cm?)
C
Supply | Drain Supply | Drain Supply | Drain
Elevation| 3.8 115 5 120 15 3.6 125 25
Boom
Descent 2.8 120 60 2.72 100 40 3.1 130 80
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Fig. 3 Length of the boom cylinder (boom elevation)
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Table 3 Boom cylinder forces for boom operation

Operation Case 1 Case 2 Case 3
Part Motion Time Force Time Force Time Force
(sec) (N) (sec) (N) (sec) (N)
Elevation 38 220875 3.72 219510 36 218144
Boom
Descent 238 169054 2.72 152090 31 166322
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Fig. 9 Angular velocity of the boom cylinder (boom
descent)
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