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» Research Background and Objectives
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= Impact on Power Loss
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Research Background and Objectives

= Non-idealities in PMSMs * Related Research Topic
— Alimited number of stator and rotor core slots result in 1. Torque ripple reduction (Low speed)
non-uniform air-gap lengths causing machine - Optimal design of the stator and rotor [3]-[5]

parameters to have harmonic components [1] - Optimal current reference and its control [6]-[10]

— Non-uniform magnetic saturation causes cross-
coupling of inductance between d- and g-axes and
varying magnet flux linkage with motor current [2] 2. Harmonic loss reduction control [8]

— Nonideal characteristics become severe in low-cost or

medium voltage motor applications with full-pitch and

concentric coils 3. Position sensorless control




Research Background and Objectives

= Objectives
— Experimental identification of machine non-idealities
— Sinusoidal current control scheme
1) Efficiency improvement
2) Improvement in angle estimation performance in EEMF based

sensorless control




Nonideal PMSM Model

= Nonideal IPMSM Model

Vs = Rylgs + %)\ds (0,) — wAys (0;) As (0r) = Lq (0,) igs + Ly (6;) igs + Aapas (0,)

Vs = Raigs + %)\qs (6,) + whge (6,) A (6:) = Ly (6,) s + Loa (6,) s + Agonr (6,

Lq (8,) = Lao + Lascos60, + Lgiocos120, + - - - Lag (0:) = Lago + Lagssin60, + Lyji2sin126, + - - -
L,(0,) = Ly + Lyscos66,. + Ly12c08120, + - - - L (0,) = Lyao + Lgagsin60, + Lyg125in120, + - - -

Aapnr (0r) = Aaparo + Aaparecos60, + Agpas12c08126,. - - -

)\qPM (97“) — )\qPM.O + )\qu,ﬁsinGQT + )\qPM.125in129r ‘i

« The triplen harmonics are absent in a Y-connected balanced 3-phase circuit
« Other harmonics in order of (6n%1) in abc frame are presented as multiples of 61" order
harmonics in SRF




Nonideal PMSM Model

= Simplified Nonideal IPMSM Model

— == L,,0 + /quMa) Aipr = Aaparo T Aaprr 6 €08 00, + Ay, 1, 08120, -+

l
_p qs _ : :
vqs _ Rslqs + LqO dt + LdOldsa) + ﬂ“dPMa) AqPM - AqPM.6 Sin 691‘ + AqPM.lZ Sin 129?‘

3P[

¢~ 55 ﬂ“dPMlqs +ﬂ“qPM (LdO _Lq0>iqsids:|

 If the motor is manufactured with a high-coercive PM, the effect of the inductance harmonics
and mutual inductance is negligible compared to that of rotor magnet flux linkage harmonics

[6], [11]
* Assuming L,=L,, L, =L, L,=L,=0 A;,,=0




Harmonic ldentification of Back-EMF

= Offline Harmonic ldentification
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The saturation effect cannot be considered with offline method
Online identification is available in [12]
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Harmonic ldentification of Back-EMF

= Rotor Magnet Flux Linkage Representation in SRF
Vits.omf = /IqPMw ﬁ’dPM = ﬂ“dPM.O + /ldPMﬁ COS 6‘9;» + ﬁ’dPM.lz COSlz@r o

vqs .emf

=Lip @, Ay = Aypry s SIN60, + A 1, 8I0126, -
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Current Control of PMSMs with Non-sinusoidal Back-EMF

GO0kHz Moise Filter

= Conventional PI

£
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« Multiples of 6" harmonic components cannot 100% | 6044 | 1084 | 0874 | 0.114 | 0.034 | 023

be handled properly < Tested with various T, >




Current Control of PMSMs with Non-sinusoidal Back-EMF

* L] ] . -
« P d Controll PIR controller is available in [12
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« Harmonic voltage injection loop appears as a feed-forward term

« 6t and 12" harmonic voltages are injected




Impact on THD

J[2.00ms

T

= THD Improvement

GO0OkHz Moise Filter

i . I I I L 15D
25% 1.504 | 1.094 | 0904 | 0.094 | 0.024 0.94
50% 2984 | 1.104 | 0.894 | 0.094 | 0.024 0.48
75% 4494 | 1.104 | 0.884 | 0.104 | 0.034 0.31
100% 6.044 | 1.084 | 0874 | 0.114 | 0.034 0.23

< Conventional Pl >

Stop
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BO0kHz Moise Filter
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< Proposed Control >




Impact on Power Loss

Torque

VSI

Transducer

= Power Loss Improvement
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Impact on EEMF-Based Sensorless Control

= Angle Estimation Improvement

[13]
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Ongoing Research

Injecting optimal 61" and 12 harmonic currents to reduce torque ripple in low-

speed range [10]
Current control for minimizing cross-coupling effect [14]
Sensorless control for low-speed range

Experimental harmonic identification of self- and cross-coupling inductance
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