
TECHNICAL TRANSACTIONS
ELECTRICAL ENGINEERING

1-E/2015

CZASOPISMO TECHNICZNE
ELEKTROTECHNIKA

PIOTR BOGUSZ, MARIUSZ KORKOSZ, JAN PROKOP*

ANALYSIS OF THE INFLUENCE OF WINDING 
CONFIGURATION ON THE PROPERTIES OF A SWITCHED 

RELUCTANCE MOTOR

ANALIZA WPŁYWU KONFIGURACJI 
UZWOJEŃ BIEGUNÓW NA WŁAśCIWOśCI 

SILNIKA RELUKTANCYJNEGO PRZEŁĄCZALNEGO

A b s t r a c t 

In this paper, the series configuration of pole winding connections in each phase of a three-
-phase 12/8 switched reluctance motor was analyzed. Based on the simulation model, the effect 
of magnetic couplings on motor properties was determined. Static characteristics were obtained 
for NNSS and NSNS configurations. Voltage, current, and electromagnetic torque waveforms 
were determined. Simulation results were verified through laboratory tests.
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S t r e s z c z e n i e

W niniejszym artykule analizowano konfigurację szeregową uzwojeń biegunów każdego pasma 
trójpasmowego silnika reluktancyjnego przełączalnego 12/8. Na podstawie modelu symulacyj-
nego określono wpływ sprzężeń magnetycznych na właściwości silnika. Dla konfiguracji NNSS 
i  SNS zostały wyznaczone charakterystyki statyczne. Wyznaczono też przebiegi czasowe napięć, 
prądów oraz momentu elektromagnetycznego. Dokonano weryfikacji laboratoryjnej.
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1. Introduction

With increasing the number of poles per phase in a switched reluctance motor (SRM), 
the number of possible configurations of the connection of winding poles also increases. In 
the standard version of the switched reluctance machine, two pole winding configurations, 
(serial and parallel) are possible [1]. At the same time, the presence of a higher number of 
poles per phase and a higher number of phases results in the multiplication of the number of 
possible ways of particular pole windings supply [2–5]. 

The purpose of the paper is to present the results of the analysis on the influence of con-
figuration on poles windings connected in series in a 12/8 switched reluctance motor on its 
static properties and current waveforms.

With the serial connection, there are two basic configurations possible for each of the 
phases, NNSS and NSNS. For each of these phase configurations, a number of variants 
is available in which individual pole windings can be supplied. For selected pole wind-
ing supply configuration, simulations were carried out aimed at the evaluation of the ef-
fect of magnetic couplings between individual motor phases from which voltage, current, 
and electromagnetic torque waveforms were determined. In laboratory conditions, current 
and voltage waveforms were registered under specific motor supplying conditions for a se-
lected pole winding supplying configuration. Finally, example mechanical characteristics 
of the motor were determined. 

2. Motor parameters and poles windings configuration

A physical model of the switched reluctance motor was developed in the course of an 
earlier research project [6]. It allows the obtaining of any configuration of windings. Table 1 
summarizes selected parameters of the motor prototype constituting the subject of the tests. 

T a b l e  1

Selected parameters of the examined motor

Number of phases 3
Number of stator poles 12
Number of rotor poles 8

Rated power 1 kW
Rated voltage 300 V
Rated speed 30 000 rpm

Magnetic material M470-50A

Assuming that pole windings of each phase in a 12/8-pole three-phase SRM are connected 
in series, two basic configurations of pole windings can be distinguished, NNSS and NSNS. 
Figure 1 shows both pole winding supply configurations considered here in the basic version 
of types NNNNNNSSSSSS (Fig. 1a)) and NNNSSSNNNSSS (Fig. 1c)). Additionally, Figs. 
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1b) and d) depict configurations in which input terminals of individual phases are shifted with 
respect to each other, i.e. configurations NSSNNSSNNSSN and NSNSNSNSNSNS, respec-
tively. The phase denoted as Ph1 comprises poles A1–A4, while phases Ph2 and Ph3 include 
poles B1–B4 and C1–C4, respectively. 

Fig. 1. The considered pole winding supplying configurations in the three-phase 12/8-pole SRM

3. Simulations – determination of static characteristics

The numerical model of the SRM has been developed in a computer program based on 
the finite element method [7]. Figure 2 presents plots of electromagnetic torque average value 
Teav as a function of current I in one of the motor phases for the analyzed winding supplying 
configurations, i.e. NNSS and NSNS.

The analyzed configurations (NNSS, NSNS) don’t have much effect on the produced 
electromagnetic torque value in the motor design considered herein. The main flux ψ11 de-
termined as a function of the rotor position θ is shown in Fig. 3, while the coupled fluxes ψ12 
and ψ13 are plotted in Figs. 4 and 5, respectively.
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Fig. 2. The electromagnetic torque Teav as a function of rotor position θ at I = var for configurations 
NNSS and NSNS

Fig. 3. The main flux ψ11 as a function of rotor position θ at I = var for configurations NNSS 
and NSNS

Fig. 4. The main flux ψ12 as a function of rotor position θ at I = var for configurations 
NNSS and NSNS
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Fig. 5. The coupled flux ψ13 as a function of rotor position θ at I = var for configurations 
NNSS and NSNS

The main flux ψ11 depends only in a small degree on the pole winding configuration type. 
In the case of configuration NSNS, a slightly larger value of the coupled flux is obtained in 
any aligned position of the rotor. Nevertheless, it can be stated that both the electromagnetic 
torque and the main torque do not depend on the phase pole configuration scheme.

The issue looks slightly different in the case of coupled fluxes ψ12 and ψ13. In the case of 
configuration NSNS, significantly higher magnetic coupling occurs between individual phases.

4. Simulations – determination of current and electromagnetic torque instantaneous 
values

To determine waveforms of the electromagnetic torque and currents in individual phases, 
a field-circuit model was employed. Calculations were carried out with the following as-
sumptions: supply voltage Udc = 60 V; turn-on angle θon = –1.25°; turn-off angle θoff = 15°; 
speed n = 3000 rpm; winding temperature T = 70°C; full magnetic and electric symmetry of 
all motor phases. For all configurations depicted in Fig. 1, the electromagnetic torque Te and 
phase currents iph were determined as functions of the rotor position θ. Figures 6 and 7 show 
plots of the electromagnetic torque Te as a function of the rotor position θ for configuration 
NNSS (Fig. 6) in two variants, NNNNNNSSSSSS and NSSNNSSNNSSN, and for configu-
ration NSNS (Fig. 7) in variants NNNSSSNNNSSS and NSNSNSNSNSNS. 

Phase currents iph as functions of the rotor position θ are shown in Figs. 8 and 9 for config-
uration NNSS in variants NNNNNNSSSSSS and NSSNNSSNNSSN and for configuration 
NSNS in variants NNNSSSNNNSSS and NSNSNSNSNSNS, respectively.

For configuration NNSS in variant NSSNNSSNNSSN and configuration NSNS in variant 
NSNSNSNSNSNS, the obtained functional dependence of the electromagnetic torque and 
phase currents on rotor position were very close to each other. At the same time, configura-
tion NSNS is much more sensitive to the scheme of phase placement along the stator mag-
netic circuit. This is confirmed by values of flux couplings between individual motor phases 
determined in Section 3 above. At the same time, configuration NNSS is more resistant to the 
effect of mutual magnetic couplings in the case of variant NNNNNNSSSSSS.
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Fig. 6. Electromagnetic torque Te as a function of the rotor position θ at rotor speed n = 3000 rpm 
for configuration NNSS in two variants

Fig. 7. Electromagnetic torque Te as a function of the rotor position θ at rotor speed n = 3000 rpm 
for configuration NSNS in two variants

Fig. 8. Phase currents iph as functions of the rotor position θ at speed n = 3000 rpm for configuration 
NNSS in two variants
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Fig. 9. Phase currents iph as functions of the rotor position θ at speed n = 3000 rpm for configuration 
NSNS in two variants

5. Laboratory tests 

Laboratory tests were carried out in two stages. In the first stage, static characteristics 
(torque and flux) were determined for both examined configurations. Figure 10 presents 
a plot of the electromagnetic torque average value Teav as a function of current I for both 
configurations, i.e. NNSS and NSNS. 

Fig. 10. Electromagnetic torque average value Teav as a function of current I for configurations 
NNSS and NSNS

As can be observed, the motor torque characteristics obtained in laboratory conditions are 
almost independent from the configuration type (either NNSS or NSNS). Similar results were 
obtained on the grounds of the numerical model.
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In the second stage of the test, mechanical characteristics of the tested motor were de-
termined and waveforms of its selected parameters were registered. The laboratory setup is 
shown in Fig. 11.

In view of limitations imposed by the maximum rotation speed of the incremental enco-
der, the supply voltage value was much lower than the motor’s nominal voltage. In the mea-
suring and data acquisition system, the Yokogawa WT1600 six-channel digital power meter 
equipped with MOTOR module was used. A PC was used for data acquisition and control of 
the load torque applied to the motor. 

At the supply voltage Udc = 60 V, turn-on angle θon = –1.25°, and turn-off angle θoff = 15°, 
mechanical characteristics of the motor were determined for configuration NNSS in variant 
NNNNNNSSSSSS and configuration NSNS in variant NSNSNSNSNSNS (Fig. 12). 

Fig. 11. A view of the laboratory setup 

Fig. 12. Rotor speed as a function of load TL for configurations NNSS (variant NNNNNNSSSSSS) 
and NSNS (variant NSNSNSNSNSNS)
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As can be observed, mechanical characteristics obtained for these two configurations 
(in selected variants) do not coincide. Configuration NSNS in variant NSNSNSNSNSNS 
offers higher value of torque on the motor shaft at the same rotor speed with respect to 
configuration NNSS in variant NNNNNNSSSSSS. This confirms results of simulations 
obtained earlier for the similar motor operation condition. In an obvious way, this trans-
lates into noticeably higher efficiency of the motor than has been observed in laboratory 
conditions (Fig. 13). 

The maximum obtained motor efficiency was 64.5% (at n = 5057 rpm) in the case of 
configuration NNSS and 67% for configuration NSNS (at n = 5120 rpm). The registered 
waveforms of phase currents iph, the mechanical characteristics of which are presented in 
Fig. 12, are shown in Fig. 14 (NNSS) and Fig. 15 (NSNS) at the motor speed n = 3000 rpm. 

Fig. 13. Motor efficiency as a function of load torque TL for configurations NNSS (variant 
NNNNNNSSSSSS) and NSNS (variant NSNSNSNSNSNS)

Fig. 14. Phase current waveforms iph at the motor speed n = 3000 rpm for configuration NNSS 
in variant NNNNNNSSSSSS
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Fig. 15. Phase current waveforms iph at the motor speed n = 3000 rpm for configuration NSNS 
in variant NSNSNSNSNSNS

In general, the obtained waveforms of currents iph confirm results obtained from simu-
lations. However, it should be clearly stated that the differences occurring in waveforms of 
even a single configuration result not only from the presence of magnetic couplings. A quite 
important effect is in this case related to the magnetic asymmetry that was not taken into 
account in the simulation model.

6. Summary

In this paper, results of a study on a three-phase 12/8 switched reluctance motor were pre-
sented with various configurations of pole winding connections of individual phases. The wind-
ings were connected in series in all cases. From the point of view of static characteristics, the 
pole winding configuration type (either NNSS or NSNS) does not make any practical differ-
ence. Both torque characteristics and flux characteristics almost coincide. Fundamental differ-
ences occur in values of magnetic fluxes representing couplings between individual phases. The 
configuration of NNSS type is characterized by values of magnetic couplings that are several 
time lower. Simulations performed with the use of a field-circuit model proved that configura-
tion NSNS is more susceptible to the effect of magnetic couplings. This is noticeable especially 
in the case where, for example, the NNNSSSNNNSSS variant was used. Configuration NNSS 
is less susceptible to the effect of magnetic couplings. At the same time, in the case of the NNSS 
configuration, slightly lower values of phase currents and the produced electromagnetic torque 
were obtained. Laboratory tests confirmed results of simulations in scope of both static charac-
teristics and phase current waveforms. Undoubtedly, the most favourable case is configuration 
NSNS in the NSNSNSNSNSNS variant. However, only slightly worse results were obtained 
in the case of the NNSS configuration in variant NSSNNSSNNSSN. Phase current waveform 
patterns are influenced not only by magnetic couplings from neighbouring phases but also by 
the way in which the phases are arranged with respect to each other. Moreover, laboratory tests 
revealed quite a significant effect of magnetic asymmetry between individual phases. This phe-
nomenon is clearly visible in Figs. 14 and 15.
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