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Fixed-pole induction machine suffers at high-speed
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Co-design and control of variable-pole induction machine and
drive for an EV.

High voltage dc bus
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Stator winding and power electronics co-design is required to
vary the induction machine pole count.
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Vision: electromagnetic and thermal co-design of variable-pole
Induction machine and power electronics.
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Why variable-pole IM?
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High torque until base speed
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Wide high efficiency region
p.d
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Torque capability of 6-pole drops significantly beyond base speed
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Lower pole counts improve high speed torque capability.
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How do we select the pole count at point B?
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Why variable-pole IM?
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Lower pole counts improve partial loading efficiency

Power Losses *

(kW)

POETS

? T T T T T T
) -Pole
6 F == =4-Pole /-
6-Pole ’
7/
51 8-Pole ’/' ]
R
i 7’ i
,-"—> 6- to 8-pple
f"#
3 I ,° .
,f‘
2 A -
R
.7 > 4-to6-pole
1t s 1
* ”
0 QL»' = 2-to 4-pole | | |
0 10 20 30 40 50 60 70

Torque (Nm)

E. Libbos, B. Ku, S. Agrawal, S. Tungare, A. Banerjee, and P. T. Krein, “Loss minimization and maximum torque per ampere
operation for variable-pole induction machines,” IEEE Transactions on Transportation Electrification, (Accepted).

17



Lower pole counts improve partial loading efficiency
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Variable-pole machine meets the ideal torque speed
requirement.
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Why variable-pole IM?
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Low pole counts are the best choice for light load and high speed.
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Experimental loss minimization using pole count.
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Experimental stator current minimization using pole count.
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Lower pole count improve high-speed efficiency.
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1) Currently building a new power-electronics GaN-based 18-phase drive

2) Smooth online pole count transition

3) Possibly building a high-power (100 kW or more) prototype
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Thank you |

Questions
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