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Abstract: This paper presents an Electromagnetic and 

Thermal analysis under transient conditions of a 8/6 pole 

Switched Reluctance Motor (SRM) using 2D finite 

element method (FEM). SRM uses reluctance torque 

which comes from the change of the reluctance of 

magnetic circuit can be thought of as a type of 

synchronous motor. However, compared with a regular 

synchronous, no field winding, slip ring and brushes are 

used in addition, instead of using a permanent magnet as 

a rotor. Recently, following the developments of power 

electronics, the interest in SRM has risen year after year. 

Electromagnetic & Thermal simulations of SRM are done 

by using the design software ANSYS. Finite Element 

Analysis plays a vital role in designing of 8/6pole SRM 

model which completely eliminates the manual 

calculations. ANSYS is a complete Finite Element 

software package. For solving numerical based problems 

in FEM, ANSYS is a general purpose finite element 

modeling package for numerically solving a wide variety 

of engineering problems. Plane 53 is chosen for 

Electromagnetic analysis and Plane 55 for Thermal 

analysis of SRM model. The simulation results for various 

rotor positions are obtained. Most of the analysis are 

carried out in 6/4 pole SRM but in the proposed method, 

Electromagnetic & Thermal simulations are obtained 

under transient conditions for 8/6pole SRM model 
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 1.  INTRODUCTION 

 

Since 1969, a variable reluctance motor has 

been proposed for variable speed applications. The 

origin of this motor can be traced back to 1842, but 

the “reinvention” has been possible due to the advent 

of inexpensive, high-power switching devices. Even 

though this machine is a type of synchronous 

machine, it has certain novel features. It has wound 

field coils of a dc motor for its stator windings and 

has no coils or magnets on its rotor.  

Both the stator and rotor have salient poles, 

hence the machine is referred to as a doubly salient 

machine.  

The rotor is aligned whenever diametrically 

opposite stator poles are excited. SRM is an 

electrical machine in which the torque developed by 

means of variable reluctance principle. In this paper, 

8/6 pole SRM model is chosen for analysis. 

Electromagnetic and thermal analysis plays an vital 

role in designing the SRM model. The simulations 

are carried out by using 2D finite element method. In 

FEM, the design is modeled using discrete building 

blocks called elements. The elements have a finite 

number of unknowns, named finite elements. 

Complete FEM software package used by engineers 

are ANSYS which is useful for structural analysis, 

transient analysis, thermal analysis, circuit coupling 

and Electromagnetic Analysis.  

 

 

 



1. DESIGN OF SRM 

  Using the design software called “ANSYS” , 

the model of the Switched Reluctance Motor is 

designed. The design model of 8/6 SRM is as shown 

in fig. 1. In general, the machines are designed from 

their output Equations. In SRM, output Mechanical 

energy can be determined from their ‘flux linkage’ 

Vs ‘current’ characteristics.  

 

Fig. 1 8/6 pole SRM model 

The area enclosed between aligned position and 

unaligned position curve in the chart denotes output 

Mechanical energy of the machine for one stroke.  

Power developed in SRM is given by 

                   P d = k c k d V I m                   (1) 

 Where , V and I  are peak phase values; k d = 

Duty cycle; k c = Efficiency; m  = No. of phases 

               

                                                 

                      

            

 

 

 

Fig.2 Unaligned characteristics 

The aligned and unaligned magnetization 

chracteristics analysis of SRM shows the mechanical 

power output of the machine which as shown in fig. 

2 and fig.3. 

 

 

      

 

Fig.3 Aligned characteristics 

a)  Dimensions of an SRM  

 Number of stator/rotor poles  8/6 

 Power rating : 5KW, 110 turns/phase 

 Voltage/current : 220V, 15A 

 Speed : 1000 RPM 

 Stator diameter outer / inner (45*2) / 

(37*2)mm 

 Rotor diameter outer/ inner (1 6.6*2)/(8.3*2) 

mm 

 Shaft diameter                  16.6mm 

 Stack length (Lstk)            45mm 

 Overall length (Le)            73.6mm 

 Air gap                               0.5mm 

 

b)  Derivation of Output Equation 

 

          The output equation relates the bore diameter, 

length, speed and magnetic and electric loadings to 

the output of a machine. The output equation for 

SRM will make its design systematic. Moreover, the 

experience of the machine designers can be 

effectively used in the design of these new 

machines, as they could use the commonality 

between these and the conventional machines to start 

with. While the output equation of SRM will be 

significantly different from that of the conventional 

machine, the emphasis here is placed on their 

similarities. The flux linkage and voltage 

relationship for a flat-topped current I is obtained by 

neglecting resistive voltage drop as  
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Where LS
a is the aligned saturated inductance per 

phase, Ln  is the unaligned inductance per phase, V is 

the applied voltage and t is the time taken for the 
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rotor to move from the unaligned to aligned position. 

That time cab be expressed in terms of the stator 

pole are and rotor speed as: 

                                     t = 
m

s




                           (3) 

Where βs is the stator pole are in rad, and m is the 

rotor speed in rad/s we define.
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Lµ
a is the aligned but unsaturated inductance, 

substituting Eqs, the applied voltage becomes : 
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The power developed then is 

 

Pd = ke kd Vim                                         (2.5) 

 

Where V and i are peak phase values, kd is 

the duty cycle defined ,and ke is the efficiency. The 

duty cycle can be expressed as : 

                               Kd = 
360

P. rqi                          (6)
 

Where 1 is the current conduction angle for 

each rising inductance profile, q is the number of 

stator poles phases given by PS /2, PS is the number 

of stator poles, and Pr is the number of rotor poles. 
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Where Nr is the rotor speed in revolutions 

per minute(rpm). Can be rearranged to resemble that 

of the conventional output equation of ac machines 

and is given by: 

                  Pd = KcKdK1K2BAsD2LN            (8) 

 

The torque can be obtained from and expressed as : 

         T=kdkck1k2  BAs D2L                              (9) 

Where                          

                  K3=
4


                                           (10) 

 

Thus the torque output are proportional to the 

product of specific electric and magnetic loadings 

and bore volume given by ( D2L)/4. k2 is the only 

variable dependent on the operating point of the 

motor and is determined by the stator phase current, 

magnetic characteristics of the core materials and 

dimensions. For that matter, the flux linkages vs 

current for the aligned and unaligned positions are to 

be estimated for various values of stator current for 

kd =1, the power developed is maximum for a given 

stator current. It is usual to find that the maximum 

possible duty cycle is less than one. 

Furthermore torque and power control are 

exercised by the duty cycle similar to a chopper-

controlled dc motor. The speed is controlled by the 

frequency of switching of the phases resembling that 

of a synchronous motor. 

c) Material used 

 Silicon steel is undoubtedly the most 

important soft magnetic material in use today. It can 

be mostly used in generators, motors, and 

transformers. Continued growth in electrical power 

generation has required development of better steels 

to decrease wasteful dissipation of energy (as heat) 

in electrical apparatus. The earliest soft magnetic 

material was iron, which contained many impurities. 

Resistivity, which is quite low in iron, increases 

markedly with the addition of silicon. Higher 

resistivity lessens the core loss by reducing  the eddy 

current component.  



 

Fig. 4 BH curve of M19 steel 

Researchers found that the addition of silicon 

will lower magnetostriction, increased resistivity, 

decreased hysteresis loss, increased permeability, 

and virtually eliminated aging. Relay steels contain 

1.25 to 2.5% Si, and are used in direct current 

applications because of better permeability, lower 

coercive force, and freedom from aging. Important 

physical properties of silicon steels include 

resistivity, saturation induction, magneto-crystalline 

anisotropy, magnetostriction, and Curie temperature. 

Relay steels, used widely in relays, armatures, and 

solenoids. Table 1 shows the BH values of M19 

steel which are used for the analysis. As the 

saturation in the magnetic circuit increases, the 

losses will also get increased. So the B-H curve 

analysis of the material is very important in the 

analysis of the switched reluctance motor because 

the material property can entirely change the 

performance of the switched reluctance motor. Also 

the saturation of the material is found from the B-H 

curve of the material used.  

II. NUMERICAL 2D FINITE ELEMENT 

ANALYSIS 

 

a) Conductor dimension of SRM in FEA analysis: 

 

 In finite element analysis the conductor 

dimension plays the important role.  Fig.5 shows the 

conductor dimensions of SRM drive. Since we are 

giving the excitation to the conductor by means of 

current density ,it is very essential to maintain the 

correct surface area and volume of the conductor.  

 

                     Fig: 5 Dimensions of SRM   

 

                                                                                          

       

 

  Fig. 6 Conductor Dimensions 

 

Using the volume formula given below the 

hc and bc values are predicted for the switched 

reluctance motor. 

Volcu = 2.hc.bc.Lstk.Ns 

b) Excitation method: 

 

 The excitation method for the two 

dimensional finite element analysis is applying 

current density as excitation load. The current is 

given in the form of current density. We know that 

the current density (J) is equal to the number of turns 

of the conductor (N) multiplied by the current (I) 

divided by area of the conductor region (A).it can be 

mathematically expressed as, J = (NI)/A. For our 

switched reluctance motor dimension the current 

given is 15 A, the number of turns is 110 turns and 

the area is 0.000072 mm2 so we can obtain the 

J=22916666.6 A/mm2.  



 

Fig. 7 Excited model of 8/6 SRM 

           In FEM analysis for the switched reluctance 

motor we can excite the upper half of the one phase 

conductor area  by (J) and another lower half of the 

same phase conductor area by (-J). 

c) Boundary condition: 

 

                   We are giving magnetic boundary 

condition for the switched reluctance motor at the 

boundary of the stator outer periphery as vector 

potential AZ = 0(i.e. the magnetic flux will not flow 

outside that boundary. The following assumptions 

are made in finding the magnetic field distribution 

inside the motor using finite element analysis. 

Magnetic vector potential(A) and current density(j) 

has only Z-directed  Magnetic materials of stator and 

rotor are isotropic and the magnetization curve is 

single valued. The outer periphery of the stator can 

be treated as a zero vector potential line with the 

magnetic field outside the stator is negligible. End 

effects are neglected. Then the solution is done to 

obtain the analysis results. The inductance profile 

obtained at the operating current indicates that the 

electromagnetic torque in SRM is a function of 

variation of excited phase inductance with the rotor 

position and is expressed mathematically as 

              T =( i2 /2) *dL(Ɵ)/dƟ; i = constant         (11) 

The average Electromagnetic torque equation is 

given as, 

                              (12) 

Where,     Ti - Instantaneous torque  

                   n - Number of rotor position   

 

III. ELECTROMAGNETIC ANALYSIS 

               

 The requirement for finding the performance 

characteristics of the SRM is to generate the 

relationships between the flux linkages Vs rotor 

position as a function of the machine phase currents. 

This section develops a procedure for analytically 

deriving the machine characteristics given the motor 

dimensions and excitation conditions along with the 

number of turns per phase. Notably, the non linear 

characteristics of the lamination material are 

preserved in this method to get a meaningful 

characterization of the SRM.  

                In the organization of CAD packages, the 

system may be regarded as having three identifiable 

modules as follows in ANSYS.  

1.A Pre-processor that enables the user to 

define the problems geometry and specify boundary 

condition and excitation sources.  

 

Fig.8 Aligned meshed model of SRM 

Mesh generation is conceptually a pre-

processing operation and, at this stage, the number 

of sub- division of primitives and tolerances are set 

and materials properties are specified. The meshed 

model of the machine is as shown in fig5& 6. 

2. A Solver for constructing the system of 

algebraic equation, which model the physical 

situation mathematically, and produces solutions. 

Solutions are usually given as a set of nodal 

potentials. 

3. A Post-processor that allows the retrieval 

and analysis of results. At this stage, it is possible to 

visualize and manipulate the fields and to calculate 



important design parameters such as Torque, 

Inductance and losses. 

 

 

Fig.9 Aligned meshed model of SRM 

             The area enclosed between the curves ‘λ’ Vs 

‘I’ for unaligned and aligned positions of the rotor 

poles gives the maximum work done for one stroke 

of the motor. The calculation of torque and work 

done appears to be simple, the data generation for 

their calculation is a complex process. The data 

required for this procedure are the flux linkages Vs 

stator excitation currents for discrete positions of the 

rotor. The aligned position corresponds to the centre 

of the stator and rotor poles coinciding, and the 

unaligned position with the midpoint of the 

interpolar rotor gap facing the stator pole. It is 

possible to calculate the flux linkages for the aligned 

position analytically due to the fact that the leakage 

flux is negligible in the aligned position. The same is 

not true for the unaligned position; because the 

leakage paths are not known a priori, it is not easy to 

calculate the leakage flux analytically. 

 

 

 

Fig.10 Aligned flux plot of SRM 

             Finite elements analysis techniques are used 

to estimate the flux linkages. 

 

Fig.11Unaligned flux plot of SRM 

             The above Fig.7 &8 shows the flux plots 

under different rotor positions of 8/6 pole SRM 

respectively. It is clear from the fig.7, that the flux 

paths in the aligned position are very typical to 

predict, thus the complexity of the steady state 

performance evaluation. It is usual to use finite 

element analysis techniques to map the flux in the 

unaligned position and for positions in between the 

aligned and unaligned stator and rotor poles. The 

flux leakage in the aligned position is practically 

negligible for the 6/4 SRMs, respectively. Therefore, 

the analytical calculation of the stator flux linkage at 

the aligned position is very accurate. The accuracy 

usually is within 2% of the finite element solution. 

a) Flux density evaluation 

Consider the complete unaligned position 

and flux path to illustrate the procedure for 

evaluating flux densities in various parts of the 

machine. The flux paths are equi-flux lines. The flux 

distribution is symmetric with respect to the center 

line of the excited stator poles.  

 

                                        FFiigg::  1122  FFlluuxx  DDeennssiittyy  CCoonnttoouurr  PPlloott  

The flux in each segment of the machine is 

known and accordingly the flux densities for these 

segments are evaluated. Let the area of cross section 

of the flux path in the stator. pole, air gap, rotor back 

iron, and stator back iron be ASP1., Ag., Ary., and 

Asy respectively. If the stator flux density is Bsp then 

the flux in path in the stator is found. A simple 

magnetic flux density model of the machine 

representing the vector sum of the flux density is as 



shown in the fig. 8. The flux path encloses one 

quarter of the stator pole are therefore, the area of 

the cross section is given by  

ASP1 = (1/4) *(Stator pole area) = (1/4) (D/2*βs-L) 

=(1/8)*(DL)*βs                                                    (13) 

where ‘D’ is the inner stator diameter 

          ‘βs’ is the stator pole arc 

           ‘L’ is the stator iron stack length. 

 

b) Evaluation of MMF 

 

                The mmf for each segment of the flux 

path is evaluated by finding the magnetic field 

intensities from the flux densities of the segments 

using the B-H Curve of the lamination material and 

average length of the flux path in the segments. The 

B-H curve analysis of the material is very important 

in the analysis of the switched reluctance motor 

because the material property can entirely change 

the performance of the switched reluctance motor. 

 

FFiigg::  1133    MMMMFF  CCoonnttoouurr  PPlloott  

Also the saturation of the material is found 

from the B-H curve of the material used. Usually the 

mmf error is not attempted in practice due to the 

large number of iterations; therefore, the mmf error 

is reduced to a lower tolerance limit. Figure 9 shows 

the MMF contour plot for the SRM. 

 

 

 

 

IV. THERMAL ANALYSIS 

 

a) Steady-State Thermal Analysis 

 

    The ANSYS Multiphysics, ANSYS 

Mechanical, ANSYS FLOTRAN, and ANSYS 

Professional products support steady-state thermal 

analysis. A steady-state thermal analysis calculates 

the effects of steady thermal loads on a system or 

component. Engineer/analysts often perform a 

steady-state analysis before performing a transient 

thermal analysis, to help establish initial conditions. 

A steady-state analysis also can be the last step of a 

transient thermal analysis, performed after all 

transient effects have diminished. 

 

         Steady-state thermal analysis is useful to 

determine temperatures, thermal gradients, heat flow 

rates, and heat fluxes in an object that are caused by 

thermal loads that do not vary over time. Such loads 

include the following:  

 

Convections, Radiation, Heat flow rates, 

Heat fluxes (heat flow per unit area), Heat 

generation rates (heat flow per unit volume), 

Constant temperature boundaries. A steady-state 

thermal analysis may be either linear, with constant 

material properties; or nonlinear, with material 

properties that depend on temperature. The thermal 

properties of most material do vary with 

temperature, so the analysis usually is nonlinear.  

 
 

Fig. 14 Thermal flux Plot 

 

Including radiation effects also makes the 

analysis nonlinear. Thermal plot of SRM model is as 

shown in fig.10 The procedure for performing a 

thermal analysis involves three main tasks:  

Build the model, Apply loads and obtain the solution 

& the last one is review the results. Thermal-Electric 

Analysis in the ANSYS Multiphysics product can 



account for the following thermoelectric effects: 

Joule heating - Heating occurs in a conductor 

carrying an electric current. Joule heat is 

proportional to the square of the current, and is 

independent of the current direction. Seebeck effect - 

A voltage (Seebeck EMF) is produced in a 

thermoelectric material by a temperature difference. 

The induced voltage is proportional to the 

temperature difference. The proportionality 

coefficient is know as the Seebeck coefficient (α) 

Peltier effect - Cooling or heating occurs at the 

junction of two dissimilar thermoelectric materials 

when an electric current flows through the junction. 

Peltier heat is proportional to the current, and 

changes sign if the current direction is reversed (b) 

Thomson effect - Heat is absorbed or released in a 

non-uniformly heated thermoelectric material when 

electric current flows through it.Thomson heat is 

proportional to the current, and changes sign if the 

current direction is reversed. Nodal temperature 

curve of SRM model is shown in fig.11 

 

 
 

Fig. 15 Nodal temperature curve at Transient 

conditions 

 

CONCLUSION 

This paper has reported the Electromagnetic 

& Thermal analysis under transient conditions of a 

8/6 pole SRM model using two dimensional Finite 

element methods. Simulated results at various rotor 

positions such as aligned, unaligned & intermediate 

positions are obtained for electromagnetic and 

thermal analysis. Existing methods are replaced with 

8/6 pole SRM model. Future work, circuit and FEM 

domains are coupled and simulated. 
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