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Abstract: - The objective of this paper is to present a method for determination of the equivalent circuit 
parameters of a switched reluctance machine (SRM), when the data for the magnetic-circuit material and 
geometry are unavailable and there is no magnetic coupling between the phases. The parameters of this circuit 
are: the phase resistance, the phase inductance and the iron loss resistance per phase. The phase inductance is 
dependent on the rotor position and phase current. The iron loss resistance is dependent on the iron loss current, 
rotor position and switching period of asymmetric power converter transistors. Both the phase inductance and 
iron loss resistance are nonlinear. Determination of these two parameters is independent of the phase resistance 
whose value is considered constant in the proposed SRM model. Experimental results obtained for one phase of 
the SRM at different rotor positions are presented.  
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1 Introduction 
Switched reluctance machines (SRMs) have 
advantages over conventional machines due to their 
attractive characteristics as follows: simplified 
construction with rotor only consisting of laminated 
steel, phase windings concentrated only on the stator 
poles, absence of permanent magnet which results in 
low manufacturing cost, and low inertia due to 
absence of windings or magnets in the rotor.  SRMs 
are capable of operating both as generators and 
motors, depending on the adjustment of firing 
angles of the power converter transistors.  

A switched reluctance motor is a good candidate 
for various general-purpose adjustable-speed drives. 
The list of companies which deliver products with 
switched reluctance motors can be found in [1]. As 
opposite to the motor applications, to the best 
knowledge of the authors, there is no any 
commercial application with switched reluctance 
generator. 

The conventional equivalent resistor-inductor 
circuit of the SRM does not include leakage fluxes, 
the mutual coupling between the phases and iron 
losses. An accurate analysis of an SRM requires 
knowledge of the iron losses. However, the 
calculation of the SRM’s iron losses is especially 
complex due to the nonsinusoidal flux waveforms. 
In the paper [2], the authors have shown that the 
iron losses contribution can be up to 50 % of the 

total losses, depending of the operating regime. In 
high-speed applications of the SRMs with single-
pulse control, the iron losses may even become 
dominant. It therefore becomes necessary for motor 
and converter designers to know how significant the 
iron losses in the motor are or can be. Determination 
of the iron losses can be based on measurement or 
calculation [3]. In the thesis [4], an overview of the 
current state-of-the-art iron loss modeling of the 
SRM is presented in detail.    

This paper presents the parameter-based 
representation of the iron losses in the equivalent 
circuit. In the paper [5], a similar approach is 
suggested, but no simulation or experimental results 
are provided. The parameter-based representation of 
the iron losses has already been applied for a linear 
switched reluctance motor [6]. However, in this 
paper, this method is applied for the first time for 
the rotary SRM, for both the rising and falling flux 
regions. A novel SRM model is presented in which 
the iron loss resistance is represented as variable 
with respect to the magnetizing current, switching 
frequency and rotor position. 

A cross section of the 8/6 SRM whose 
parameters are determined is shown in Fig.1. 
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Fig.1 A cross section of the 8/6 SRM 

 
 
2 Proposed Equivalent Circuit of 
SRM  
To account the iron losses, a new branch with the 
iron loss resistance Rm, connected in parallel with 
the phase inductance L, can be included in the 
equivalent circuit, as shown in Fig.2. Both Rm and L 
are identifiable from static measurements carried on 
the actual SRM. 
 

LRRii 
Fig.2 Per-phase SRM equivalent circuit with 
switching elements of the asymmetric power 

converter  
 

The parameters L and Rm are nonlinear 
multivariable functions. It is well-known that the 
phase inductance depends on the rotor position and 
phase current, i.e. ),( ϑ= fiLL . The iron loss 
resistance can be expressed as a function of the flux-
linkage, rotor position and transistor switching 
period. In this paper, the magnetizing flux influence 

on the iron losses is expressed by means of the 
corresponding iron loss current, iRm. Thus, the iron 
loss resistance is expressed as ),,( ϑ= TiRR Rmmm . 
 
 
3 Determination of Equivalent 
Circuit Parameters 
The phase resistance R is measured by the 
voltmeter–ammeter method. The phase flux-linkage 
L is measured at various rotor positions and phase 
current values, by the DC excitation method. The 
rotor is locked in a desired position between 0º and 
30º while making the measurements for different 
values of the phase current. 

The schematic diagram of the flux-linkage 
measurement system is given in Fig.2, where a DSP 
is used to capture both the phase current and 
induced electromotive force.  
 

LR
DSP

 
Fig.3 Setup for flux-linkage measurement 

 
When the switch is closed, the DC supply 

voltage is increased slowly until the required current 
flows in the phase winding. When the switch is 
opened, the energy stored in the winding is 
dissipated as heat in the phase winding resistance 
and the iron loss resistance. Then, the flux linkage is 
calculated by measuring and integrating the induced 
electromotive force of the search coil placed in a 
phase by the following equation: 
 

                     ∫−=ϑψ
st

f dttei
0

)(),(                      (1) 

 
where t = 0 corresponds to the time of opening the 
switch (the current having the constant value 
determined by Udc and R), ts corresponds to the time 
when the current reaches zero and e is the induced 
electromotive force. The negative sign is used on 
the right hand side of the equation as change in the 
flux-linkage would be negative when the current 
decays to zero. It should be noted that the method 
assumes that the search coil links all flux produced 
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by the main phase coil. The measurements were 
taken at rotor position intervals of 1º between 0º and 
30º, and at phase current intervals of 1 A, up to 9 A, 
as suggested in [7]. 

To determine the equivalent iron loss resistance, 
several periodic experiments need to be performed. 
During each experiment, the transistors (shown in 
Fig.2) are switched on during the time interval T1 
(rising flux region) and switched off during the time 
interval T2 (falling flux region), whereas T is the 
period of the experiment equal to T1+T2 (Fig.7). 
During the experiments, the voltage uf is kept 
constant.  
The iron loss resistance is calculated as follows: 
 

                               
Fe

m P
ER

2

=                                (2) 

 
where E is the RMS value of the induced 
electromotive force in the search coil and PFe is the 
iron-loss power per phase. The iron loss power is 
given by [6]  
 

                          ∫=
T

fFe edti
T

P
0

1
                           (3) 

 
where T is the period of the experiments and if is the 
phase current. 

Note, the iron loss power can be calculated by 
integrating the product of two directly measurable 
quantities: if and e. 
 
 
4 Experimental Results 
To experimentally determine the parameters of the 
proposed equivalent circuit, the laboratory setup 
was designed. The main components of the 
laboratory setup are as follows: switched reluctance 
machine (with parameters provided in Appendix); 
DS1104 R&D controller board, manufactured by 
dSpace, used for the transistor switching and data 
acquisition; an incremental rotary encoder, type 
XCC 1510PS50X, manufactured by Telemecanique, 
used for identification of the rotor angle; a current 
transducer, type LA 55-P, manufactured by LEM, 
used for acquisition of the phase current; a voltage 
transducer, type LV 25-P, also manufactured by 
LEM, used for acquisition of the induced 
electromotive force in the search coil. The sample 
frequency for both captured signals is 25 kHz. The 
DC voltage uf = 36 V is ensured from automotive 
batteries. The search coil has 8 turns and it is 
mounted over the stator pole as shown in Fig.4.  

 
Fig.4 Photo of the stator windings with the search 

coil 
 

The phase inductance profile and the flux linkage 
profile, obtained by the method described in 
Section 3, are shown in Figs 5 and 6. 
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Fig.5 Phase inductance profile with respect to 

phase current and rotor position  
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Fig.6 Flux-linkage profile with respect to phase 

current and rotor position  
 

Waveforms of the electromotive force and phase 
current measured in the aligned position at 
switching period of 0.5 s, obtained for different 
maximum values of the phase current, are shown in 
Fig.7. Captured electromotive force and phase 
current are then multiplied and integrated upon 
Eq. (3).    

Fig.7a shows that the phase inductance is greatly 
influenced by the phase current value because the 
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phase current waveform is nonexponential. On the 
contrary, the waveforms shown in Fig.7b look as 
they are obtained for the RL circuit with constant 
parameters. Similar waveforms are obtained for 
other switching periods, rotor position and phase 
current maximums.  
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Fig.7 Measured induced electromotive force and 
phase current in the aligned position for switching 

period 0.5 s and maximal phase current 10 A (a) and 
2.5 A (b) 

 
When the iron losses are determined upon 

Eq. (3), and RMS value of the electromotive force is 
calculated, then the iron loss resistance can be 
calculated upon Eq. (2). The obtained iron loss 
resistance calculated for three different rotor 
positions and three different switching periods is 
shown in Fig.8. This figure shows that the iron loss 
resistance significantly depends on both the 
switching period and iron loss current. At a certain 
rotor position, lower switching period (higher 
switching frequency) results in higher iron loss 
resistance for the same value of the iron loss current. 
In addition, for the rotor positions 15º and 20º, 
higher value of the iron loss current results in lower 
value of the iron loss resistance for the same 
switching period. At the aligned position, the iron 
loss resistance slightly deviates from this rule, as 
shown in Fig.8a, i.e. there is not a smooth change in 
the iron loss resistance value at lower values of the 
iron loss current. These deviations are only noted to 
the left of the peak of the iron loss resistance 
characteristic. Typically, in this region, the induced 

electromotive force is the lowest and the phase 
inductance has a nearly constant value, i.e. the 
machine operates at the low level of flux density. 
For SRM applications this region is out of interests.  
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(c) 

Fig.8 Iron loss resistance versus iron loss current for 
various switching periods and at three rotor 

position: 0º (a), 15º (b) and 20º (c) 
 

When the rotor is locked in the positions 25º and 
30º, then the iron loss resistance reaches values 
higher than 10 kΩ and it can be considered as an 
infinite resistance. 
 
 
5 Conclusion 
This paper presents the experimental method for 
determining the phase inductance and iron loss 
resistance of an SRM. Both the parameters are 
successfully shown as nonlinear and multivariable. 
Phase inductance profile and the iron loss resistance 
characteristics in the form of lookup tables can be 
used as input data for the SRM simulations. In 
particular, accurate modeling of an SRM is of vital 
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importance when designing an SRM control system 
in order to achieve satisfactory control performance. 

To determine the iron loss resistance dependence 
on the switching frequency and iron loss current at 
lower switching periods (higher switching 
frequencies), additional experiments are required. 
This is especially important for the high-speed 
single-pulse operating regimes of SRMs in which 
the phase current is produced by high-speed 
switching of the converter transistors. 
 
Appendix 
Parameters of the four-phase 8/6 SRM 
1.1 kW, 6 A, 2000 r/min, stator outer diameter 
135 mm, stator inner diameter 80 mm, rotor 
diameter 79.5 mm, stator arc 22º, rotor arc 24º, air 
gap length 0.25 mm, number of windings per phase 
300. 
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