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The Optimization of Powertrain Sizing for Electric Trucks Based
on Taguchi Methods
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ABSTRACT

In light of frequent climate change and limited energy resources, in the industrial transportation field,
the proportion of carbon dioxide amount in the traffic sector is at high level of 23%. Among this
percentage, the passenger transport and freight vehicles contribute 69%, which is 15% of global
greenhouse gas emission. Thus, the electrification of those commercial vehicles will effectively reduce
the carbon dioxide emission as well as help achieve the goal of ‘Net Zero Emission.” This study aims at
the electrified truck up to 12 tons weight with the specifications of climbing 30% inclined road at the
speed of 15 kilometers per hour (kph) and top speed of 100 kph. In order to satisfy the above performance
requirement, 5 different types of the traction motors, 5 different ratios of the gearboxes and 5 different
differential gearboxes are chosen to assemble the powertrain of such trucks. By using Taguchi methods,
the optimal powertrain assemblies can be selected in terms of the minimal experiments. In the end, 27
sets of power combinations were selected and analyzed to meet the vehicle’s maximum speed
requirement of 100kph. For the electrified power system of commercial large trucks, a larger motor
power is selected and a lower comprehensive reduction gear ratio is selected. Such a power combination
can improve the speed performance of the vehicle and maintain the climbing performance of the vehicle.
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@ To columns of the array as specified below

" To allow estimation of selected interactions

Facto Name Level Values Column
A |Motor 1670 1542 1433 995 952 1 :]
B |Differenti 5.134.564.13.733.31 2 :] 5
C |gearbox g 7.05 6.75 5.782 4.83 3.529 3
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7_|1542| 4.56 | 5.782 [ 40656 | 38.90 | 38.80 | 38.73 | 38.57 | 38.41 | 38.08 | 38.24 3171606073
8 |1542| 4.1 | 4.83 [30536] 30.64 | 30.52 | 30.44 | 30.23 | 30.02 | 29.60 | 29.81 29.50189476
9 |1542|3.73 | 3.529[ 20298 | 18.92 | 18.72 | 18.59 | 18.25 | 17.90 | 17.18 | 17.54 25 16636441
10 |1542] 3.31 | 7.05 [ 35983 35.33 | 35.22 | 35.15 | 34.97 | 34.79 | 34.42 | 34.61 30 86160572
11_|1433] 5.13 | 5.782| 42505 40.22 | 40.13 | 40.07 | 39.91 | 39.75 | 39.43 | 39.59 | 3201258434
12 |1433]| 4.56 | 4.83 [31562] 31.58 | 31.46 | 31.38 | 31.17 | 30.97 | 30.56 | 30.77 | 29ssi0157
13 |1433| 4.1 |3.529[20734] 19.57 | 19.37 | 19.24 | 18.91 | 18.58 | 17.88 | 18.23 | 2548304546
14_|1433]| 3.73 | 7.05 [ 37683 | 36.66 | 36.56 | 36.49 | 36.32 | 36.15 | 35.80 | 35.97 | 3110215635
15 |1433]3.31] 6.75 [32017] 31.98 | 31.86 | 31.78 | 31.59 | 31.39 | 30.98 | 31.19 | 29953108
16 | 995 | 5.13 | 4.83 | 24654| 24.60 | 24.45 | 24.34 | 24.08 | 23.82 | 23.29 | 23.56 | 276067005
17 | 995 | 4.56 | 3.529[16012] 10.72 | 10.36 | 10.12 | 9.48 | 8.79 | 7.21 8.04 1907656685
18 | 995 | 4.1 | 7.05 [28760] 28.95 | 28.82 | 28.73 | 28.51 | 28.29 | 27.84 | 28.07 | 29083697
19 | 995 | 3.73 | 6.75 [25052] 25.06 | 24.90 | 24.80 | 24.55 | 24.29 | 23.77 | 24.03 | 2777364693
20 | 995 [ 3.31 [5.782[ 19043 16.94 | 16.71 | 16.56 | 16.18 | 15.78 | 14.96 | 15.38 | 2400000571
21 | 952 | 5.13 | 3.529[17235] 13.58 | 13.30 | 13.11 | 12.62 | 12.11 | 11.02 | 11.57 | 218505579
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25 | 952 | 4.1 | 6.75 [26347] 26.48 | 26.34 | 26.24 | 26.00 | 25.76 | 25.26 | 25.51 28 27667572
24 | 952 | 3.73 | 5.782[20532] 19.27 | 19.07 | 18.94 | 18.61 | 18.26 | 17.56 | 17.92 | 2533911992
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1502 a1 s7sa] 4000 330 )| 144.8108
1433 5.3 705 3s00] 13 | 101275
1433 513 675 3s00| 13 1| 101275
1433 s3] s7s2|  3se0] 135 | 101275
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