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Optimization design method for electric construction machinery
powertrains considering manufacturing cost
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Abstract: To improve the operational performance of electric construction machinery, accelerate industry
electrification, and reduce carbon emissions from non-road mobile equipment, a powertrain optimization design
method considering manufacturing cost is proposed. The pure electric wheel loader is selected as the research
object, and suitable components are first identified using the fuzzy TOPSIS method. Then, operating costs under
customer demand conditions, power performance under loader turnaround conditions, and narrowly defined
manufacturing costs are simultaneously optimized using an improved multi-objective Jellyfish search algorithm.

Finally, the proposed method is verified on a Matlab/Simulink platform. Results show that the improved algorithm
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outperforms benchmark approaches. Motor efficiency increases by 0.214%, 0.190%, and 0.150% under different
working conditions; the acceleration time from 0 to maximum speed is decreased by1.798 s, 2.231 s, and 1.006 s;
and manufacturing cost is reduced by 3.129%, 5.043%, and 3.946%. Overall, both power performance and
operational comfort are significantly enhanced.

Keywords: electric construction machinery; powertrain; manufacturing cost; Jellyfish search algorithm; parameter

optimization
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Fig.1 Powertrain structure of pure electric loader
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Table 1 Parameters of a model of pure electric loader
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Table 2 Broad cost indicators and expert evaluation results
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Fig.2 Main steps of the fuzzy TOPSIS method
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Table 3 Fuzzy language evaluation conversion rules
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Table 4 Evaluation of custom widget optimization solutions
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Table 5 The proximity ranking of custom widget optimization solutions
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Table 6 Alternative motor model parameters for a manufacturer
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Table 7 A manufacturer's alternative drive axle model parameters
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Table 8 Statistical data on the weighting ratio of customer demand materials %
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Fig.3 Shoveling operation test results
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Fig. 4 Basic flowchart of the improved MOJS algorithm
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Table 9 Comparison of four evaluation indicators between improved MOJS and original MOJS

Bk it an G itHE ZDT1 ZDT2 ZDT3 ZDT4 ZDT6

Mean 0.006 720 0.004 955 0.019 750 0.004 789 0.264 500

1op Std 0.004 920 0.000 463 0.015 690 0.000 753 0.753 600

Mean 0.000 402 0.000 143 0.001 293 0.000 139 0.196 000

ek 1 P Std 0.000 530 0.000 059 0.001 431 0.000 100 0.105 400
MOJS Mean 0.716 600 0.443 900 0.597 600 0.719 300 0.316 100
i Std 0.006 355 0.000 573 0.013 370 0.000 884 0.100 300

Mean 0.008 911 0.007 572 0.013 140 0.007 564 0.030 910

> Std 0.002 031 0.001 028 0.005 103 0.000 866 0.066 170

Mean 0.091 410 0.128 700 0.147 600 0.216 200 3.595 000

1op Std 0.095 340 0.189 000 0.085 030 0.210 200 1.952 000

Mean 0.009 724 0.013 760 0.012 600 0.022 460 0.459 400

JE A P Std 0.012 260 0.017 640 0.008 821 0.022 680 0.158 000
MOJS Mean 0.602 500 0.327 800 0.538 500 0.485 300 0.040 160
i Std 0.124 100 0.146 700 0.063 110 0.203 400 0.109 100

Mean 0.015 680 0.014 180 0.018 410 0.008 695 0.064 190

> Std 0.006 775 0.008 202 0.012 280 0.001 605 0.078 530

B 9 T LIS, el /5 19 MOJS 16 4 PR RE 48 b5 h 3 LU AF O D035 T8 r 48 A 2 F I 1 — N80
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Fig. 5 Algorithm optimization results
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Table 10 Optimized parameters of each part of the powertrain

R oK Z, Z, Z, Z, m, m, b, b, P i i i

max 1 2 g

flefbnt  RXATHR 22 19 57 48 6.5 6.0 55000 50.000 180 3.139 0.842 22.547

KPl 38 24 46 41 55 5.0 43.092 40926 180 2.906 0.891 22.547
ks B2 29 18 42 38 6.0 5.0 47511 35563 180 2.933 0.904 22.547
B3 35 24 38 33 55 55 44914 39364 180 2.929 0.865 22.547

3 ERIESE

BT Z AT R S 9 TR LR B AR GE O BRI i S T AN 6 BT i 14 L 2l 3 AL Simulink £
HABM T et 4

SRR A A SERHLSOCIHE
C; \ W —
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QO—

R
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Fig. 6 Electric loader simulation model
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Fig.7 SOC consumption and motor operating point distribution map
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Fig.8 Comparison of powertrain performance before and after optimization
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