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[ Abstract] As the trend toward more-electric and all-electric aircraft accelerates, multi-electric engines have become a key technolo-
gy. A coaxial high-torque permanent magnet synchronous motor based on a new type of rotary cylinder disc engine was designed to
achieve the integration of the engine and the motor. Firstly, based on the relationship between the engine performance parameters and
the drive shaft, the coaxial structure and motor dimensions were determined. Secondly, the inhibitory effect of the number and size of
the flat wire winding layers on copper loss was analyzed through the finite element soft analysis. Meanwhile, the motor topology was op-
timized by using the rotor segmented inclined pole, auxiliary slot and Taguchi algorithm to reduce the cog-slot torque, rated torque rip-
ple, stator iron loss and air-gap magnetic flux density distortion rate of the motor, significantly improving the electromagnetic perform-
ance. Finally, the various working conditions of the motor were simulated, the driving and power generation efficiencies were calculat-
ed, and it is verified that the motor does not demagnetize under the condition of large current. Results indicate the motor delivers 200
N-m of torque at a rated speed of 6 000 r/min, with a peak torque of 400 N+m and a maximum power output of 250 kW in high-speed
generation mode, meeting all design specifications.

[ Keywords] permanent magnet motors; swashplate engine; coaxial structure; Taguchi algorithm; electromagnetic properties
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Fig. 1  Configuration of the plating engine
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Fig. 2 Plating engine shaft and motor shaft
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Table 1 Main parameters of DK single
diaphragm coupling

HERHE/ (N-m) 238
BREEH/ (Nom) 476
B/ (romin ™) 13 000
¥FE %/ (N-m) 16.5
2 M 2%/ mm 0.12

Mm%/ (°) 1
B % 22/ mm 1.2

K3 IR LRSE

Fig. 3 Coaxial configuration motor system
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Table 2 Motor initial data
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Table 3 Primary parameters of motor
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Fig.5 AC loss coefficient curve
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Fig. 6 Total copper loss and aspect ratio
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Fig. 7 Motor stator winding model
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Fig. 9 Peak torque of auxiliary groove and tooth groove
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Fig. 10 Influence of 6, on peak torque of tooth groove
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Table 4 Parameter optimization level
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Table 6 Mean analysis

A7 KFE1 KFE2 KFE3 kF4 KES

ALR T KA Tw/% Py/W T.,/(mN-m) THD/%

cog

d,/mm 1.4 1.6 1.8 2 2.2 1 3.642 667.7 392.5 24.04
o/mm 0.7 0.8 0.9 1 1.1 2 3.548 670.6 303.7 25.31
By/mm 1.5 2 2.5 3 3.5 d, 3 3.89 673.6 576 24.96
Cyy/mm 4 4.5 5 5.5 6 4 4.12 676.7 584.2 25.49
Cys/mm 0.75 0.8 0.85 0.9 0.95 5 4.252 680 624.3 25.95
1 4. 664 717.8 800.7 28.43
x5 EXHEBERER 2 4.222 694.5 614. 1 25.99
Table 5 Orthogonal matrix and results o 3 3.774 672.5 454.8 24.8
—— 4 3.474 652 338.1 23.79
W AR T/ Pr/ T/ THD 5 3.318 631.8 273 22.74
dy o By Cy Cyy % W (mNem) % 1 3.278  691.6  211.9  19.65
1 1 1 1 1 1 3.60 736.31 334.24 20.95 2 3.338 680. 1 318.8 22.58
2 1 2 2 2 2 3.46 697.52 469.18 21.53 By 3 3.648 672.3 458.1 24.43
3 1 3 3 3 3 3.6l 66535 428.10 23.37 4 4.506 667.6 587.3 27.87
4 1 4 4 4 4 402 637.41 516.31 26.06 5 4.682 657 904.5 31.22
S 1 5 5 5 5 3.5 601.98 214.64 28.31 1 3.636 679.5 436.2 24.49
6 2 1 2 3 4 3.44 719.96 241.91 27.57 2 3.97 676.3 633 24.72
7 2 2 3 4 5 3.77 686.45 343.94 25.15 Cy 3 3.89 673.3 524.6 25.69
8 2 3 4 5 1 4.23 658.57 246.99 27.99 4 4.138 671.3 549.2 25.33
9 2 4 5 1 2 3.5 638.00 446.45 28.91 5 3.818 668.3 337.8 25.53
100 2 5 1 2 3 275 649.84 239.23 16.93 1 3.998 674.4 522.5 25.15
11 3 1 3 5 2 421 710.93 856.08 27.53 2 3.702 673.7 469.9 24.85
12 3 2 4 1 3 463 694.15 676.14 28.35 Cy, 3 4.148 674.4 604. 1 25.17
13 3 3 5 2 4 4.47 658.38 974.39 30.58 4 3.772 673.7 435.7 25.69
4 3 4 1 3 5 295 668.28 140.08 18.33 5 3.832 672.5 448.5 24.9
15 3 5 2 4 1 3.19 636.44 233.56 20.00
16 4 1 4 2 5 560 716.001047.54 30.66 F71 MUBEFHRUBERNAFESNE
17 4 2 5 3 1 540 681.1 1363.39 32.88 Table 7 Variance and weight of optimization factors
18 4 3 1 4 2 3.24 690.48 128.39 20.00 ™ o
19 4 4 2 5 3 328 656.75 153.41 21.75 ALES
20 4 5 3 1 4 3.08 639.26 228.16 22.17 Sa e S/WE R/ %
2005 1 5 4 3  6.47 705.691523.70 35.43 d, 0.072 10.1 18.862 1.73
2 5 2 1 5 4 3.8 713.25 217.68 22.06 o 0.245 33.99 920.776 84.39
22 5 3 2 1 5 3.32 689.82 496.15 22.06 Bg, 0.349 48.48 135.886 12.45
24 5 4 3 2 1 3.57 659.70 434.41 23.92 Cy, 0.028 3.82 15.095 1.38
25 5 5 4 3 2 4.05 631.72 449.37 26.28 Cys 0.026 3.64 0.483 0.04
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Table 8 Performance comparison
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Fig. 14 Air-gap flux density

Fig. 15 Line counter-electromotive force
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force harmonic analysis

- XXAV%’% %y%%’ XXYJ&UE $Yfitﬁ
e/ T e/ T PARME/V  FEE/V

1 0.867 0.766 1236.483  1002.236
3 0.034 0.129 0.019 0.179
5 0.047 0.036 13.498 15.706
7 0.014 0.007 1.583 1.834
9 0.004 0.074 0.021 0.287
11 0.103 0.094 9.088 1.235
13 0.028 0.064 1.092 3.072
15 0.024 0.032 0.061 0.466
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