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Abstract: In the conventional SRM with multi-rotor 
teeth the air gap must be very small to drive the SRM 
in the saturation region that is necessary for high 
output torque. But that leads to the problem of 
overheating particularly in the small size SRM. So the 
paper addresses the design and analysis of a new type 
of SRM which is the rolled rotor SRM, this new type 
needn’t more than one region of very small airgap. 
That solves the overheating problem in the small size 
SRM. Moreover, using the rolled rotor instead of the 
conventional toothed rotor grades the air gap; that 
gives smooth variation of the reluctance consequently 
smooth current and torque shapes which is required in 
many applications.    
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1 Introduction 
The electric motors used in the drive applications are 
the induction motors, permanent magnet motors and 
the switched reluctance motors. The permanent magnet 
motors have the problem of expensive magnets and the 
induction motors have the problem of high copper 
losses in both the rotor and the stator. So the motor 
designers focus on the SRMs because of their 
advantages particularly they have high specific output 
torque (torque/volume) and the absence of any kind of 
copper windings or permanent magnets on the rotor 
[1]. 
 

               

 
Fig. 1   6/4 SRM and the Flux-Linkage 
Characteristic under Voltage Control 

 
Fig.1 shows cross section of 6/4 short pitch SRM and 
the Flux-Linkage trajectory under voltage control. The 
area between the aligned and the unaligned positions is 
proportional to the output torque. The SRM must work 
in deep saturation region to deliver much output 
torque. So the air gap must be very small; it can be said 
the minimum possible airgap (the mechanical 
considerations put limitation on minimizing the air gap 
length). That can cause overheating to the SRM 
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consequently stands against the use of the SRM in 
many applications or to load it less than its full 
capacity to avoid overheating. From this point of view 
the paper introduces a new design of the SRM has less 
areas of narrow airgaps but the same performance of 
the conventional toothed-rotor. The rolled rotor SRM 
has only one small region of airgap.  

   
a 
                  

    
b 

Fig. 2 Shows the Regions of the Narrow Airgaps in 
both the Designs 

 
Fig. 2.a (as an example) shows the regions of narrow 
airgaps, in 12/8 conventional toothed-rotor SRM; there 
are four regions of narrow airgap in the aligned 
position but on the contrast the rolled rotor SRM (Fig. 
2.b) has only one region of narrow air gap. Also in the 
rolled rotor SRM the airgap is graded. That can avoid 
the problem of overheating. In addition, the rolled rotor 
has smooth variation in the reluctance consequently 
smooth shape of current and torque when the switching 
on angle is selected properly [2-3].   
 
3 Theoretical background 

If one phase of the stator of the rolled rotor SRM is 
switched on the rolled rotor moves from any position 
to align itself with this energized phase because the 
aligned position is the only stable position of the rotor 
(maximum inductance position). The unaligned 
position is the position of minimum inductance. If the 
rotor rotates from the unaligned position to the aligned 
position this is half mechanical cycle.  
 
The diameter of the rotor is directly proportional to the 
output torque. But large diameter of rotor minimizes 
the gap between the maximum inductance and 
minimum inductance consequently decreases the 
output torque. In addition, large rotor diameter makes 
the rotor weight heavy and increases the rotor iron 
losses. Small rotor diameter makes the SRM delivers 
few torque but the rotor is light that means it can 
rotates with high speeds with low iron losses. From this 
point of view there must be optimum diameter of the 
rotor or at least best rotor diameter. This section is 
dedicated to determine the best diameter of the rolled 
rotor SRM. 
 
Before starting the analysis and design of the rolled 
rotor SRM it is important to mention here that the SRM 
generally is high non-linear electric motor so accurate 
prediction of the magnetic circuit parameter and static 
torque characteristics of this motor need two 
dimensions finite element [4-7]. 
 
A twelve teeth stator is used here. Six teeth are wide 
teeth carrying the main flux of the machine and the rest 
are return flux paths. The width of the main flux tooth 
is double the return flux tooth width. 

 
Fig. 3 The Stator of the Proposed New SRM 

 
Fig.3 shows the stator of the new SRM, the width of 
the main flux tooth is double the return flux path in 
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order to increase the flux crossing from the stator to the 
rotor cylinder in the aligned position. The stator bore 
diameter is about 60% the stator outside diameter as 
the conventional SRM. 
 
The rotor of this new SRM is cylindrical iron rotor. It 
has outside diameter less than the stator bore diameter. 
Its centre shifted from the centre of the stator. That 
makes the air gap length varying (narrow in some 
regions and wide in other regions). Consequently the 
reluctance is varying that produces reluctance torque.  
 

 
Fig. 4 Windings Distribution 

 
Fig. 4 shows the windings distribution in the stator. 
The proposed rolled rotor SRM has three phases in the 
stator each phase fills four stator slots. In Fig. 4 the 
rotor diameter is 0.6 the stator bore diameter. 
 
4 Determination of the Best Rotor Diameter    

 
Fig. 5 Rotor Diameter = 0.68 Stator Bore Diameter 

Aligned Position 
 
 
Initially the rotor diameter is assumed to equal 0.68 the 
stator bore diameter. When one stator phase is 

energised all the rotor positions will be unstable except 
one position which is the maximum inductance (the 
aligned position), the rotor rotates to stand in front of 
the wide tooth of the stator energized phase because 
this is the minimum reluctance position.    

 
Fig. 6 Rotor Diameter = 0.68 Stator Bore Diameter 

Unaligned Position 
 
The unaligned position is the position of minimum 
inductance which is on the opposite diameter of the 
main energized pole.  
The area between the aligned position and the 
unaligned position in the Flux-Linkage/Current 
characteristic of the SRM is proportional to the output 
torque. So the area enclosed between these two lines 
gives indication about the output of any design of the 
SRM. For different rotor diameters these areas are 
compared to find the best diameter of the rotor. 

 
Fig. 7 Rotor Diameter = 0.95 Stator Bore Diameter 

Aligned Position 
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Fig. 8 Comparing the Characteristics of Different 

Rotor Diameter 
 
Fig. 8 shows comparison between the aligned and the 
unaligned positions for different designs of the rolled 
rotor SRM. All SRMs have the same stator dimensions 
the only thing changed is the rotor diameter. 
The small rotor diameter delivers few torque (the area 
enclosed between the aligned and the unaligned 
position is proportional to the output torque). 
Increasing the rotor diameter increases the area 
between the aligned and the unaligned position until 
the ratio between the rotor diameter to the stator bore 
diameter equal 0.8. Increasing the rotor diameter more 
than this ratio increases the area enclosed slightly. So 
the best rotor diameter =0.8 stator bore diameter. To be 
clear more than this ratio increases the torque slightly 
but increases the weight of the rotor much and also 
increases the rotor iron losses that is the reason for 
selecting this rotor diameter.  
 
5 Complete Details of the Proposed New Design 
From the previous section the selected rotor diameter 
equals 0.8 the stator bore diameter.   
 
5.1 Aligned Position 
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Fig. 9 Aligned position for the New Design 

 
Fig. 9 shows the aligned position for the new design of 
the rolled rotor SRM and the adaptive mesh. The 
magnetic flux plot, the flux density and the saturation 
all are shown at 3000MMF per slot. In the aligned 
position the cylindrical rotor moves from any position 
to align itself with the energised phase. 
 
5.2 Unaligned Position 
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Fig. 10 Unaligned Position for the New Design 

 
Fig. 10 shows the unaligned position of the proposed 
new design and the adaptive mesh. The magnetic flux 
plot, the flux density and the saturation all are shown at 
3000MMF per slot. The unaligned position when the 

rotor in a position of maximum reluctance with respect 
to the energised phase. 
 
6 Determination of Flux-Linkage Characteristic 
 
Different models are built using 2D finite element for 
different rotor positions to determine accurately the 
magnetic vector potential characteristic. 
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Fig. 11 New Rolled Rotor Models for a Rang of 
Rotor Positions 
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Fig. 12 Magnetic Vector Potential for the Rolled 

Rotor SRM for different Rotor Positions 
 
7 The Flux-Linkage Characteristic and the Static 
Torque Characteristic 
The flux linkage characteristic can be obtained from 
the magnetic vector potential characteristic assuming 
the number of turns. There are six coils two for each 
phase. Assume number of turns of each coil 300 so 150 
conductors per slot. 

 
Fig. 13 Flux-Linkage Characteristic for the New 

Rolled Rotor SRM 
Assume 150 conductors per slot 

 
Consequently the static torque characteristic can be 
obtained from the following equation 

 

 
Fig. 14 Static Torque Characteristic of the New 

Rolled Rotor SRM 
 
8 The Performance of the New Rolled Rotor SRM 
The machine performance has been predicted 
analytically from the fundamental equation of the 
terminal voltage of any machine  

t
ψR.iv
∂
∂

+=
 

Then by solving one of the following 1st order 
differential equations [8-11]: 

 
A numerical approach to the simulation of SRMs has 
been introduced in [12-14].  The flux-linkage can be 
determined from this equation 

 
The torque can be obtained indirectly from the co-
energy  
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Fig. 15 Block Diagram of SRM Simulation 

 
Fig. 15 is the block diagram of the SRM simulation 
package.  The flux linkage characteristic data is taken 
from an adaptive finite element solution of the 
magnetic characteristics; it is stored in tables (one for 
the flux-linkage characteristic and one for the torque), 
then loaded in to a simulation of the SRM using 
Matlab/Simulink [15-20].  
8.1 Simulation Results Speed 500 rpm 

 
Fig. 16 Torque versus Position  

Switching on angle before the unaligned position by 
60 degrees 

 
Fig. 17 Torque versus Position  

Switching on angle after the unaligned by 10 
degrees 

 
8.2 Simulation Results at Speed 1500 rpm 

 
a) Torque versus Position 

 
b) Voltage versus Position 
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c) Flux-Linkage versus Position 

 
d) Current versus Position 

 
e) Flux-Linkage Trajectory 

Fig. 18 Torque versus Position Switching on angle 
after the unaligned by 10 degrees 

 
 
 
 

9 Torque Speed Envelop 

 
Fig. 19 Torque speed Envelop for the Rolled Rotor 

SRM 
 

Fig. 19 shows the torque speed envelop for the new 
rolled rotor SRM. The new SRM has excellent 
torque/speed envelop; the machine can deliver much 
output torque at very high speed  

 
10 Changing the Connection of the two Coils of 
Each Phase 

             

 
Fig. 20 Changing the Connection of the two Coils of 

Each Phase 
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Fig. 20 shows the polarity of the second coil in each 
phase is changed. 

 
Fig. 21 The Aligned and the Unaligned Positions for 

the different connections 
 
Fig. 21 shows the aligned and the unaligned position 
for the two different connections (the dimensions of 
each one similar to the second one). The aligned 
position came up when the connection changed. 
Consequently the output torque increased slightly [21-
28]. 
 
11 Conclusion 
The paper introduces the design, analysis and 
simulated results of a new type of SRM which is the 
rolled rotor SRM to overcome some problems in the 
conventional toothed-rotor SRM. 
The stator of the SRM was selected to have wide teeth 
as main flux teeth and thin teeth as return flux teeth in 
order to concentrate the flux on the cylindrical rotor. 
The diameter of the rotor was selected not very wide to 
be able to run at high speeds and to avoid the high 
value of rotor iron losses; and not very small diameter 
to enable the motor to deliver much output torque. 
Complete analysis was done to study the new design 
entirely. Different models for different rotor positions 
were built to obtain the characteristic precisely. 
Simulated results for different operating conditions 
were introduced. The torque/speed envelop shows 
excellent characteristic as the machine keeps its torque 
capability at very high speeds on the contrast of the 
conventional SRM. So the new design can be used 
instead of the conventional design of the SRM to solve 
many problems. 
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