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A Study on the Deviation of Bucket Behavior Considering the
Effect of Clearance in the Excavator
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Abstract: Bucket trajectory is crucial regarding precision work with an excavator. In general, the bucket trajectory
deviation is determined by the machining deviation of the frame, driving deviation of the driving hydraulic
cylinder, clearance in the joints, and deformation of the structure. This paper investigated the relationship between
the respective clearance in joints and the trajectory deviation of the bucket at the finishing work of the ditching for
a 20-ton excavator. As a result, the larger the clearance, the larger deviation is increased at trajectory. However, it
was found that the deviation of the rotation angle and displacement of the bucket was limited and the size of

clearance does not affect closely on the contact angle of the pin shaft.
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L; : Length between Two holes at the i™ cylinder =271 Z=%(Ditch) FAL E#AX|(Trench) 3AHh

Dg; : Rod diameter at the i" cylinder

Dy : Tube diameter at the i cylinder

dy;, dy : Hole diameter at the i cylinder

a : Contact angle of Pin Shaft at the i" cylinder
G : Clearance at the i® cylinder

Xpkr @ X-direction position of Bucket Tip

Yekr @ Y-direction position of Bucket Tip

agkr : Angle of Bucket edge
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Fig. 1 Ditching of Excavator(Hitachi)
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Fig. 2 Excavator System
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Fig. 3 Desired Trajectory
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Table 1 Clearance of Joint

Clearance Hole Shaft | Clearance
Class H7 g6 H7g6
[um] | [um] | [um]
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Fig. 5 Motion of Cylinders
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Fig. 6 Realized Bucket Motion
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Table 2 Comparison of Pin Shaft Motion with

Clearance
Clearance Qi, (=1,2,3) A(li, (i=1,23)

Class (degree) (degree)
No -4.884 0.000
BOOM Min -4.886 -0.002
Cyl.(a) Mid -4.888 -0.004
Max -4.892 -0.008
No 3.054 0.000
ARM Min 3.054 -0.000
Cyl.(ap) Mid 3.053 -0.001
Max 3.053 -0.001
No -1.606 0.000
BUCKET Min -1.610 -0.004
Cyl.(a3) Mid -1.617 -0.011
Max -1.627 -0.021
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Fig. 8 Difference of Pin Shaft Angle
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Table 3 Comparison of Bucket Tip Motion with

Clearance
Clearance Class Yoxr AYicr
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No -1233.62 0
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Table 4 Angle of Bucket edge angle and
Difference

Clearance apkr (degree) Aagpgr(degree)
Class | -6,000mm | -3,500mm | -6,000mm | -3,500mm
No -1.606 -1.581 0 0
Min -1.610 -1.582 -0.004 -0.001
Mid -1.617 -1.583 -0.011 -0.002
Max -1.627 -1.585 -0.021 -0.004
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