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a b s t r a c t

In this paper a sensorless speed detection method of induction squirrel-cage machines is

presented. This method is based on frequency determination of the stator neutral point

voltage primary slot harmonic, which is dependent on rotor speed. In order to prove

method in steady state and dynamic conditions the simulation and experimental study

was carried out. For theoretical investigation the mathematical model of squirrel cage

induction machines, which takes into consideration actual geometry and windings

layout, is used. Speed-related harmonics that arise from rotor slotting are analyzed

using digital signal processing and DFT algorithm with Hanning window. The

performance of the method is demonstrated over a wide range of load conditions.

& 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Estimators, observers, and spectral analysis methods are the frequently used techniques for sensorless speed estimation
[1]. Sensorless speed estimation can provide robust, field-oriented torque control of an induction machine without a
tachometer [2]. Most sensorless control schemes rely on estimation of the back EMF from stator voltages and currents, but
the performance of speed estimators depends on the accuracy of the machine model and parameter estimator. Observers
for speed estimation have a relatively long delay time that can limit speed detection during a transient.

In order to improve the robustness of sensorless speed estimation, parameter-independent magnetic saliency
harmonics can be used to generate an accurate rotor speed signal, which can then be used to tune the parameters of a back-
EMF-based observer. Saliency harmonics, which arise from rotor slotting and eccentricity, provide robust speed estimation
because they are independent of time-varying motor parameters [3]. Digital signal-processing techniques can effectively
extract saliency harmonics from the stator current, but they often require complex filtering techniques. Moreover,
prior to digital sampling, an analog notch filter must be applied to reduce the spectral component of the fundamental
frequency [2,8].

In this paper, a new method of determining rotor speed from the neutral point voltage of the induction machine is
presented. The stator winding must be star connected and must have the neutral point accessible. Voltage is measured
between the neutral of the machine and virtual null point realized by means of ideally balanced three resistors. In such way
fundamental power supply harmonic is eliminated from measuring voltage signal and the strongest harmonic in that signal
is the rotor slot harmonic. As the neutral point voltage has a value of only about 1 V, the voltage transducer is not necessary.
Applying digital signal-processing techniques to neutral point voltage signal the frequency of speed-related harmonic is
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calculated. The proposed method has been demonstrated to work reliably for most standard induction squirrel-cage
machines over a full range of load conditions.

2. Mathematical model of machine

A mathematical model of squirrel-cage induction machines with wye-connected stator windings was derived as
theoretical background for speed detection using neutral point voltage signal [5–7]. In this model the saturation effects
were negligible and uniform air-gap was assumed. Although stator neutral point voltage could be obtained as a sum of
three phase voltages in the stator windings’ equivalent circuits without a neutral line, in the derived model the neutral
point voltage is calculated as voltage drop on the equivalent big resistor, which is set in a neutral line. Neutral point voltage
calculation was chosen by reason of numerical stability problems in a simulation procedure. Schematic representation of
the stator windings is shown in Fig. 1 where ‘ssg is the leakage inductance, ‘asas, ‘bsbs, ‘cscs are magnetizing inductances of
stator windings and ‘asbs, ‘bscs, ‘csas are mutual inductances.

The voltage equation for stator phase as can be written as

uas � uz ¼ Rsias þ
dcas

dt
(1)

where uas is the stator voltage of phase as, uz is the stator neutral point voltage, ias is the current in phase as, Rs is phase
resistance and cas is the flux linkages of phase as. The stator voltage equation in the matrix form can be written as

us ¼ Rsis þ
dcs

dt
; Ws ¼ Lsis þ Lsr ir (2)

where us ¼ [(uas�uz) (ubs�uz) (ucs�uz)]
T, is ¼ [ias ibs ics]

T, Ws ¼ [cas cbs ccs]
T, Rs ¼ diag[Rs Rs Rs], ir is the subvector of rotor

current, Lsr is the submatrix of mutual inductance, and Ls is the submatrix of stator inductance.
In general, a mutual inductance function of two windings can be described by means of coil function z(gs), which

describes stator winding along the stator inner surface [7]. The approach based on the winding functions makes no
assumption as to the necessity for sinusoidal MMF and therefore include all the space harmonics in the machine. The coil
functions of stator phases for the analyzed machine are shown in Fig. 2.

A function of mutual inductance stator windings as and bs is given by

‘asbs ¼
m0

d
d

2
le

Z 2p

0
zasðgsÞ zbsðgsÞ dðgsÞ (3)

where m0 is the permeability constant, d the average air-gap radius, le the length of stator stack, and d the equivalent
air-gap.

The rotor cage can be viewed as Qr identical and equally spaced rotor bar. For that case, there are 2Qr nodes and 3Qr

branches. Therefore, the current distribution can be specified in terms of Qr+1 independent rotor currents. These currents
comprise the Qr rotor loop currents (im), plus a circulating current in one of the end rings (ier) [7].

Fig. 3 shows the schematic representation of the rotor cage where m ¼ 1, 2,y, Qr is the loop number, rrb the rotor bar
resistance, rer the rotor end ring segment resistance, ‘srb the rotor bar leakage inductance, ‘ser the rotor end ring segment
leakage inductance, ‘rr the magnetizing inductance of rotor loop, and ‘mr the mutual inductance between two rotor loops.
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Fig. 1. Schematic representation of the stator windings.
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