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Flux-based Torque Control Strategy using FEA in Wireless Tram with
Independently Rotating Wheelsets
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Abstract Wireless trams with independently rotating wheelsets require fast and precise torque control performance.
In order to achieve this, torque control using flux-based 2D-LUT is most suitable. This makes it possible to easily con-
vert the torque command into a current vector, and it is possible to perform stable torque control even if the battery volt-
age fluctuates greatly, such as in a wireless tram. In this paper, flux-based 2D-LUT generation method and torque
control using FEA are studied. The validity of the proposed method is verified through simulation.
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Where, L, Lg: d- and g-axis inductance
ig, ig: d- and g-axis current
w,: electrical angular speed of the rotor
Amax: allowable linkage flux amplitude

V4 dc bus voltage
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(a) Speed-based torque control (b) Flux-based torque control
Fig. 1. Torque control using 2-D LUT.
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(a) Decreasing battery voltage (b) Increasing battery voltage

Fig. 2. Trajectory of the current vector information considering battery voltage.
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Table 1. Specifications of the [PMSM.

Parameters Specification Unit
Number of poles/Slots 4/18 -
Battery nominal voltage 750 \"
Current limit 180 Apeak
Rated torque/power 333/48.5 Nm/kW
Base speed/Max speed 1,390/4,449 RPM
Cooling method Air-cooling

Fig. 3. Analysis model for the FEA.



3l=2% 213 M15 (20183 2E)

A .
LEEE Obain .y g, T(Torque)

Wkl —
Wenldly FET (hymms ho)
| s — [
Determine A4/ A/T Table
quq - =
; d-axis Create Flux based 2-D LUT

(a) Current vector diagram of IPMSM (b) Flow chart

Fig. 4. Process of LUT creation.
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(a) d-axis current information. (b) g-axis current information

Fig. 5. Current vector information in the flux-based 2-D LUT.
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a
Torque
[Nm] .
360 1776 . 266 1789 . 34.7 Current Magnitude, Current Angle(f)
330 1623 ,25.5 1643 ,339 | 177.1,47.1 1
300 147.1 ,24.6 1489 ,326 | 1621 ,469 I
270 1322 ,233 1337, 312 147 , 469 165.2 , 56
240 1173 ,213 1187 ,298 | 1322,469 | 1509,568 | 172.2,63.1
210 102.6 , 19.9 1038 ,27.7 | 1173 ,469 | 137.5,579 | 159.1,644 | 1788 ,689
180 88,178 889 ,25.4 1029 ,472 | 1234,589 | 1458 ,658 | 168.7,703
150 735,157 741,226 889 ,48.1 111, 609 1333 ,67.7 | 1566 ,721 | 1789 ,753
120 589,13 593,187 75 ,49.6 986 ,63.5 1221,703 | 1467 ,746 | 1706 ,713
90 443,102 446,158 618,53 88 ,67.5 133,739 | 1375,715 | 1614,798
60 29.7 ,68 299,134 502 ,59.7 787 ,73.1 1061 ,785 | 1314,812 | 1559 ,829
30 149 ,34 151,139 414,719 734,809 101.7,839 | 1272,854 | 1518,863
0 0, 90 25,90 379,90 703,90 99.7 ,90 1255, 90 1507 , 90 R
0 0.725 0.675 0.625 0.575 0.525 0.475 0.425 | )\,max|
1,825 1,960 2,117 2,301 2,520 2,786 3,113 | SPEED@500V
0 2,737 2,940 3,175 3,451 3,780 4,178 4,670 SPEED @750V
3,650 3,921 4,234 4,602 5,041 5,571 6,227 |SPEED@1000V
Fig. 6. FEA Results of 2D-LUT.
Table 2. Results of linkage flux magnitude.
30Nm 90Nm 150Nm 210Nm 270Nm 330Nm
Ist [Wb] 0.624 0.624 0.624 0.624 0.623 0.622
Harmonic
Ord 3rd [Wb] 0.005 0.014 0.022 0.030 0.036 0.041
racr
S5th [Wb] 0.001 0.002 0.002 0.003 0.003 0.002
Table 3. Results of induced phase voltage.
30Nm 90Nm 150Nm 210Nm 270Nm 330Nm
Ist [V] 41536 415.23 415 415.04 414.4 413.81
Harmonic
Ord 3rd [V] 10.20 27.92 44,58 59.43 72.31 82.63
racr
5th [V] 3.66 591 7.77 9.03 8.78 8.04
4962 RPM —@— 4411 RPM —©— 3970 RPM
3609 RPM —@— 3176 RPM —@— 2738 RPM

Torque Error = Torque Ref. — FEA Result

0.5

Torque Ref.
[Nm]

Torque Error [Nm]
o

Fig. 7. Results of torque.
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