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Speed Estimation Method Using Slot Harmonics on d-Axis
and Its Application to Vector-Controlled Induction Motor

Masahito Onaka, and, Toshihiko Noguchi (Nagaoka University of Technology)

Abstract

This paper describes a rotor speed estimation technique of an induction motor, which utilizes
slot harmonics on the d-axis caused by permeance variation across the air gap. The frequency
of the slot harmonics is a multiple of the actual rotor speed, and is proportional to the number
of rotor slots. In order to extract the slot harmonics, an adaptive band-pass filter incorporating
coordinate transformation is proposed, which is effective to estimate the rotor speed from 400
to 2000 (r/min). This rotor speed estimation is applied to a field-oriented controller as well
as a speed regulator. Feasibility of the proposed technique is confirmed through several tests,

using a prototype experimental setup.
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Fig.1. Wound rotor type induction motor without
skewed slots.
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Table 1. Parameters of test motor.

Rated Power 2.2 (kW)
Rated Rotor Speed 1500  (r/min)
Number of Pole Pare p 2 (pare of poles)

Number of Stator Slots N, 36 (slot)

Number of Rotor Slots N, 24 (slot)
Stator Resistance H, 1.15 (52)
Stator Inductance L, | 0.0414 (H)
Rotor Resistance R, 6.51 (22)
Rotor Inductance L, 1.06 (H)
Mutual Inductance M | 0.201 (H)
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Fig. 2. Slot harmonics in motor current.
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Fig.3. Slot harmonics observed in synchronous
reference frame.
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Fig.4. Generation mechanism of slot harmonics.
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Fig.5. Relationship between rotor speed and slot
harmonics frequency.
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Fig.6. ‘Adaptive BPF using coordinate transfor-
mation.
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Fig.7. Bode diagram of adaptive BPF.

ENTES, fitd S MR nG,.,, Tz EEE R
THIEIZED, BUKRBRTHS A0y FHEREICE
TIENTES, T, POEAEEN nd,,, TEEH
ITZEEX N5 BPF ERICEMEICHNEL, ZOR— F&
B (51 %R ZH®7I105R7. ZOLS1Z, BPF O
BH I LPF O NS AEED 2 ETHRESD, T
NZESBETAEICEDERERS A0y MEREEZ
FEMMTAZEMNTES. KWL T LPF OIS
Mtk #E 5 (Hz) & L7z

(3-2) EGEFEEHTERE  AHRoO@EE BPF ZH
WTHIH L7220y FEiEs o B %R, S ZER-
LT THRTBCEICLVEEETHEZ RS Z &
NTES, BT HEEHERO7Oy7HER 8ITRT.

Time

Counter B 1

Zero Cross _I @E‘FNV E: input

Aigy —n‘ BPF Detector

TR 2] Orm
0 naw,, . n=24

X8 [T RERETE S

Fig.8. Rotor speed estimator.
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Fig.11. Speed estimation result in acceleration
and deceleration.
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Fig.12. Speed estimation result in sudden load
change.
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Fig.14. Experimental result of torque control
with nominal parameters in controller.
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Fig.15. Calculation result of torque control with
nominal parameter.
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Table 2. Parameters of induction motor obtained

by result of torque control test.

Rotor Resistance R, | 7.25 [0]
Rotor Inductance L, | 1.17 [H]
Mutual Inductance M | 0.185 [H]
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