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Structural optimization design of excavator bucket based on

improved depth surrogate model
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710064, China)

Abstract: In order to optimize the design of excavator bucket structure and reduce the excavation energy

consumption, this paper builds a joint simulation and optimization platform based on SOLIDWORKS,
ADAMS, EDEM and MATLAB, and establishes a global optimization method for a medium-sized

backhoe hydraulic excavator, which takes the maximal excavation load and strength of the bucket as the

constraints, and the quality of the bucket and the unit excavation energy consumption as the optimization

objectives. Through combined simulation of multibody dynamics and particle dynamics, load characteristics

of the excavator during operation under different working conditions were obtained. Pearson correlation
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coefficients show a very strong correlation between experimental and simulated loads on the key hinge
points of the bucket rod and boom, confirming the feasibility of using combined simulation to replace actual
excavation operations. Multilayer perceptron (MLP) is used as the surrogate model and the parameters and
hyper—parameters of MLP are optimized using Adam, Hyperband algorithm. The coefficients of
determination R* of MLP for bucket mass, maximum excavation load, excavation mass and excavation
energy consumption are 0.999, 0.943, 0.933, 0.984 for Case I ; the R* of MLP are 0.999, 0.944, 0.918,
0.925 for Case V. The optimized MLP is combined with the NSGA- I algorithm to iteratively optimize
the bucket structure. The results show that the optimized bucket achieves a mass reduction of 7.06 % and a
unit excavation energy consumption reduction of 6.47 % under the premise of meeting the requirements of
the maximum excavation load and strength.
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Fig. 1 Excavator structure composition
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Table 1 Bucket and soil granular material parameters
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Table 2 Soil contact parameters
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Fig.4 Excavator test program
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Fig.7 Measured cylinder pressure
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Fig. 10 Two—way joint calculation principle and flow chart
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Fig. 12 Load comparison of key hinge points of bucket rod and boom in working condition I
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Fig. 13 Load comparison of key hinge points of bucket rod and boom in working condition II
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Fig. 18 Prediction effect of working condition Il surrogate model
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Fig. 19 Prediction effect of working condition IV surrogate model
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Table 6 MLP evaluation index under

working condition II

R RS B R PN ok |+ 2 T ok ()08 R Fok (] 1-E
R* 0.999 0.942 0.933 0.984
RMSE  1.241 1732.905 21.034 18909
MAE 2.803 4975.78 40.900  4007.9
MRAE  0.0027 0.0529 0.040 0.018
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Table 7 MLP evaluation index under

working condition IV

VO R kR BRIz 2 2 EAE
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Fig. 20 Bucket optimization results
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Table 8 Bucket key size change
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Table 9 MLP prediction and simulation errors
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Table 10 Performance comparison of bucket structure

after optimization
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Fig. 21 Optimized bucket loading
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Fig. 22 Analysis of optimized bucket structure
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