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Bucket tip load equivalent model and experiment on loader working device
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(1. Key Laboratory of Road Construction Technology and Equipment of Ministry of Education, Chang’an
University, Xi’an 710064, Shaanxi, China; 2. Engineering Machinery Research Institute, Xuzhou
Construction Machinery Group, Xuzhou 221004, Jiangsu. China)

Abstract: In order to obtain external load time history of loader working device in shoveling
process, load spectrum compilation and fatigue bench test was carried out, and calculation
method through bucket hinge hole loads to equal bucket tip load was proposed. The moving
coordinate system was established on the bucket. The transformation relationship between the
moving coordinate system and the geodetic coordinate system was obtained by the D-H(Denavit-
Hartenberg) matrix. The operating postures of loader were determined according to the

displacement of cylinder. Theoretical solutions of the equivalent loads at bucket tip were obtained
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by mechanical force model of the bucket under fixed stance. A pin axis sensor was designed, and the
linear function relationship between external load and output voltage of the bridge in all directions was
obtained through the calibration test. The multi-parameter load synchronous test system was established
which include pin axial force, lateral force, pull rod force, boom structural stress, boom cylinder and
bucket cylinder displacement. Through the shovel loading test, the basic load parameters in coordinate
system fixed on the bucket such as pin force, structure measuring point stress and oil cylinder
displacement were obtained. Based on the basic load parameters, finite element analysis of the working
device was carried out with the equivalent load of bucket tip as outside load. The results show that the
equivalent load time history can be obtained through the measured load parameters and the bucket tip
load equivalent model which can reflect the real force characteristics of the bucket tip in the loader
working device. The bucket tip load time history exhibits marked periodic variations. The large
load appears at the time of shoveling and unloading particle material. The maximum relative error
between the simulated value and the measured value of the boom structure is 9. 07%. The pin
load with continuous change in size and direction is equivalent to the bucket tip under the fixed
coordinate system with the bucket in fixed stance, which provides the basis for the load spectrum
compilation and fatigue test of loader working device. 3 tabs, 10 figs, 18 refs.
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Fig. 1 Load measuring system of working device
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Fig. 2 Pin axis sensor structure
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Fig. 3 Device of calibration test of pin axis sensor
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Fig. 4 Prototype of experimental loader
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Fig. 5 Small stone shovel measured results
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Fig. 6 Coordinate systems of hinge points of working device
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Fig. 7 Force model of bucket in horizontal attitude
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Fig. 8 Pin forces in geodetic coordinate system
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Fig. 9 Equivalent load time history of bucket tip
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Tab.2 Bucket tip equivalent load at

different working attitudes

) e e e | ™ M M/

#wE ' (kN *m) | (kN +m) | (kN+m)
1 |—19.58] 8.76| 0.04| —0.74 0.04 | —21.21
2 |—18.01| 7.09| 0.15| —2.08 0.06 | —17.72
3 | 78.28/115.79|—0. 96 8.34 | —11.60 |—199.54
4 |—70.37| 11.42]|—0.56 5.76 13.94 | —109.47
5 | —7.22 10.23|—1.03 | —1.57 6.82 | —50.87
6 | 49.74| 7.29/—0.62| —1.93 —2.01 —8.47
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Fig. 10  Finite element analysis result of

working device under the third attitude
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Tab.3 Relative stress errors between simulation

values and measured values
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1 54.66 | 57.61 | 5.13 63.35 | 66.46 | 4.69
2 54.49 | 56.67 | 3.87 58.41 | 60.68 | 3.75
3 220,90 | 242.93 | 9.07 |283.30 |310.47 | 8.86
4 112. 60 120. 70 6.72 122.50 | 131.60 6.53
5 62.31 | 65.75 | 5.24 77.49 | 81.47 | 4.88
6 52.92 | 55.69 | 4.98 63.54 | 66.75 | 4.81
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