
 

 

 

CHAPTER – 3 
SWITCHED RELUCTANCE MOTOR 

DESIGN 

 

 

 

 

 

 

 

 



3.1 DESIGN PROCEDURE FOR AGRICULTURAL 

APPLICATIONS 

Switched reluctance motor considered here for agricultural applications consists 

of six stator poles and four rotor poles. The design specifications for the SRM 

comprise of the desired power output, speed N in rpm, allowable peak current in 

amperes and ac peak voltage Vp of the system. Knowledge of the speed and power 

output can mechanically fix the force to be developed by the machine. 

3.1.1 FOR 5 HP, 200 VDC, 1500 RPM 6/4 POLE SWITCHED RELUCTANCE 

MOTOR FOR AGRICULTURA 

3.1.2 L APPLICATION 
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 Therefore, Torque required          

3.1.3 FOR 2 KW, 200 VDC, 2000 RPM 6/4 POLE SWITCHED RELUCTANCE 

MOTOR FOR AIR-CONDITIONER APPLICATION 
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3.2 GENERAL EXTENT OF 6/4 POLE SRM DRIVE 

In the preliminary style method of SRM, initially the values of voltage and 

current, i.e., power rating of the machine should be specified. Then by having the 

speed, stack length or stator core length, the preliminary style method is started for 

6/4 SRM. After fixing outer diameter, stator and rotor poles, the design procedure is 



started, in that, initially stator pole arc, stator yoke breadth is calculated [12]. The bore 

diameter is assumed to be up to the frame size. The stack length is chosen to be up 

to the space between the mounting holes in an exceedingly foot mounted machine. 

With the choice of preliminary values of Do, L, D,    the planning method is 

sustained.  

For the design process the following are considered: 

Electrical loading, AS = 35000 AT/m 

Magnetic loading, BS = 1.62 wb/m
2
 

Stack length, L = 114 mm 

The power output equation of a rotary SRM is given by: 
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Where,                  (3.7) 
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   since the salience ratio lies between 0 and 10. 

 Therefore, K1 = 0.9  

      

   ⁄  = 0.082246703  

Efficiency,    = 0.85        (3.9) 

Duty cycle,                        (3.10) 

Therefore,                  

K = 0.9 * 0.082246703 * 0.85 * 1                 (3.11) 

K = 0.062918728.        (3.12) 

Power equation can be written as 
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3.2.1 DIMENSIONS FOR AGRICULTURAL APPLICATION 

Table 3.1 General Dimensions of SRM for Agricultural Application 

Sl. No. Parameter Value 

1 Power (P) 5 HP 

2 Voltage (V) 200 Vdc 

3 Current (Ip) 18.6 A 

4 Torque (T) 23.6 Nm 

5 Electrical loading (As) 35000 AT/m 

6 Flux density (Bs) 1.62 Wb/m
2
 

7 Speed (N) 1500 rpm 

8 Stack length (L) 114 mm 

9 Efficiency (Ke) 0.85 

10 Duty cycle (Kd) 1 

11 Air-gap Length 0.3 mm 

12 Shaft Diameter 28 mm 

13  Inner diameter (Din) 78.08 mm 

14 Outer diameter (D0)  156.17 mm 

 

For power rating of 5 HP, 200Vdc with 1500rpm speed,  

Bore diameter can be written as,     [
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Let the ratio,  
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3.2.1.1 DESIGN OF STATOR FOR 6/4 SRM 

(1) Stator pole arc, 
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(2) Stator pole width, 
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(3) Stator pole area, 
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 *114 = 2330.3 sq.mm  (3.22) 

(4) Stator yoke width, 

     
   

 
 ,         (3.23) 

Where,     
   

 
 = 1165.15 sq.mm     (3.24) 

Hence, SYW = 10.22 mm      (3.25) 

(5) Stator pole height, 
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     28.825 mm                 (3.27) 

3.2.1.2 DESIGN OF ROTOR FOR 6/4 SRM 

(1) Rotor pole arc,  

βR>βS                   (3.28) 

 Here βR = 32
0
                  (3.29) 



 

(2) Rotor pole width, 
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(3) Rotor pole area, 
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(4) Rotor yoke width, 

 RYW = ARY / L        (3.36) 

Where, ARY = ASP / 1.6 = 2330.3/1.6 = 1456.43 sq.mm  (3.37) 

Hence, RYW = 12.77 mm      (3.38) 

(5) Rotor pole height, 
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3.3 MAGNETIC CIRCUIT ANALYSIS FOR INTENDED 

AGRICULTURAL APPLICATION 

Switched Reluctance Motors (SRM) is like linear induction motors or 

permanent magnet synchronous motors. They have concentrated windings on 

the mechanical device or translator, they are ruggedly created and that they have low 

expected manufacturing prices and a high fault tolerance. They have been  recently 



planned as a propulsion system for railway vehicles or vertical elevators. LSRMs are 

the counterpart of rotary switched reluctance motors and thus it is vital throughout the 

design stage to predict the flux linkage-current-position characteristics and also 

the magnetization curves, particularly within the aligned and unaligned positions. This 

is often not a simple task owing to the extremely nonlinear behavior of the motor. A 

technique to resolve this downside is to use Finite Element (FE) analysis. 

Such remedial would take a comparatively durable as a result of quite a variety of 

solutions would be required at numerous translator positions and excitation 

levels. Another choice is to develop remedial analytical model supported geometrical 

dimensions and also the B-H curve of the magnetic material used. This 

lumped parameter magnetic circuit technique could be a smart and quick approach 

for getting magnetization curves within the aligned and unaligned position. 

 

Fig.3.1 Schematic Circuit for Magnetic Circuit Analysis 

The above Fig.3.1 indicates the total reluctance offered by the circuit and is 

the algebraic sum of reluctance offered by stator pole, rotor pole, air gap, stator yoke 

and rotor yoke respectively. 
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Reluctance of stator pole, 

     
                

                   
 ; Where            and    for iron is 800 
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Therefore,                         (3.46) 

Reluctance of rotor pole, 

     
               

                  
 ; Where            and    for iron is 800 
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Therefore,                         (3.50) 

Reluctance of air gap (Ag), 
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Now,    
              

                 
; Where            and    for iron is 800. 
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Therefore, 2Rg = 2.4888 AT/Wb      (3.56) 

Reluctance of Stator yoke (Stator back iron), 



     
               

                     
 ; Where            and    for iron is 800
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Reluctance of Rotor yoke (Rotor back iron), 
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Therefore, 
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Table.3.2. Design Parameters for 6/4 Pole SRM 

Sl. No. Parameter Value 

1 Stator pole arc (βs) 30
0
 

2 Stator pole width 20.44 mm 

3 Stator pole area 2330.3 mm
2
 

4 Stator yoke width 10.22 mm 

5 Stator pole height 28.825 mm 

6 Rotor pole arc 32
0
 

7 Rotor pole width 21.63 mm 

8 Rotor pole area 2466.56 mm
2
 

9 Rotor yoke width 12.77 mm 

10 Rotor pole height 11.97 mm 

11 Total Reluctance of stator pole (Rsp) 246.0864 AT/Wb 

12 Total Reluctance of rotor pole (Rrp) 96.5456 AT/Wb 

13 Total Reluctance of air gap (Rg) 2.4888 AT/Wb 

14 Total Reluctance of stator yoke (Rsy) 43.625 AT/Wb 

15 Total Reluctance of rotor yoke (Rry) 43.6085 AT/Wb 

16 Total Reluctance (Ψ)          AT/Wb 

 

3.4 PARAMETERS OF THE MACHINE FOR AGRICULTURAL 

LOAD 

3.4.1 INDUCTANCE CALCULATION 
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 Therefore,      
            

 
     (3.70) 

    
         

       
       (3.71) 

                    (3.72) 

3.4.2 CALCULATION OF RESISTANCE 

We know,    
 

 
       (3.73) 

Assuming, current density J = 5A/mm
2
, 

J = Iph/A        (3.74) 

A=Iph/J = 18.6/5 = 3.72 mm
2
     (3.75) 

And,               for copper conductor 
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3.4.3 CALCULATION OF INERTIA CONSTANT 

The inertia constant H (in s) is the ratio of energy stored (E) in the rotor at 

nominal speed over the nominal power (P) of the machine [3]. 

So:   
   

 
 and    

 

 
 

Where   
   

  
                                              

The inertia constant H=3.525 sec[13] also has certain characteristic values and 

sometimes in the absence of the specific knowledge about inertia constant H, we can 

assume some characteristic value and do our calculations, manufacturers specify or 

provide the value of H on the MVA rating of the machine. The inertia constant H has 

the desirable property, in  that, its value unlike that of M, does not vary greatly with 



the rated MVA and speed of the machine but instead has a characteristic value or set 

of values for each class of machines. 

3.4.4 COEFFICIENT OF FRICTION 

Friction is "the resistance an object encounters in moving over another". 

A coefficient of friction is a value that shows the relationship between the force 

of friction between two objects and the normal force between the objects. It is a value 

that is used in physics sometimes to find an objects normal force or frictional force, 

when other methods aren't available. 

The coefficient of friction is given by       [14]. In that equation, f is 

the frictional force, µ is the coefficient of friction, and Fn is the normal force.   can be 

two different things. It can be  , or it can be   .    is the coefficient of static friction. 

The coefficient of static friction is the friction force between two objects when neither 

of the objects is moving.    is the coefficient of kinetic friction. The coefficient of 

kinetic friction is the force between two objects when one object is moving, or if two 

objects are moving against each other. 

The coefficient of friction is dimensionless, meaning it does not have 

any units. It is a scalar, meaning the direction of the force does not change 

its magnitude. 

The coefficient of friction depends on the objects that are causing friction. The 

value is usually between 0 and 1. A value of 0 means there is no friction at all 

between the objects. This is only theoretically possible. All objects in the real world 

will have some friction when they touch each other. A value of 1 means the frictional 

force is equal to the normal force. Some people think that the coefficient of friction 

can never be more than 1, but this is not true. A coefficient of friction that is more 

than one just means that friction is stronger than the normal force. An object such 

http://simple.wikipedia.org/wiki/Friction
http://simple.wikipedia.org/wiki/Normal_force
http://simple.wikipedia.org/wiki/Physics
http://simple.wikipedia.org/wiki/Friction
http://simple.wikipedia.org/wiki/Dimensionless_quantity
http://simple.wikipedia.org/wiki/Unit
http://simple.wikipedia.org/w/index.php?title=Scalar_quantity&action=edit&redlink=1
http://simple.wikipedia.org/wiki/Magnitude
http://simple.wikipedia.org/wiki/Theoretical_physics


as silicone rubber, for example, can have a coefficient of friction much greater than 

one. 

The frictional force between two objects is not constant, but increases until it 

reaches a maximum value. When the frictional force is at its maximum, the body in 

question will either be moving or will be on the verge of moving. 

The coefficient of friction is a number which represents the friction between 

two surfaces. Between two equal surfaces, the coefficient of friction will be the same. 

The symbol usually used for the coefficient of friction is µ.Since, the material is made 

of steel, Coefficient of friction, µ = 0.16. 

Table.3.3 Machine Constants 

Sl. No. Parameter Value 

1 Inductance (L) 0.47 H 

2 Resistance (R) 0.44 mΩ 

3 Inertia constant(H) H=3.525 sW/VA 

4 Frictional constant(µ) 0.16 

 

3.5 SRM EXTENT FOR INTENDED AIR-CONDITIONER 

APPLICATION  

For power rating of 2 KW, 200Vdc with 2000rpm speed,  

Bore diameter can be written as, 
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Let the ratio,  
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Table.3.4 General Dimensions of SRM for Air-Conditioner Application 

Sl. No. Parameter Value 

1 Power (P) 2 KW 

2 Voltage (V) 200 Vdc 

3 Current (Ip) 10 A 

4 Torque (T) 12.7 Nm 

5 Electrical loading (As) 35000 AT/m 

6 Flux density (Bs) 1.62 Wb/m
2
 

7 Speed (N) 2000 rpm 

8 Stack length (L) 114 mm 

9 Efficiency (Ke) 0.85 

10 Duty cycle (Kd) 1 

11 Air-gap Length 0.3 mm 

12 Shaft Diameter 28 mm 

13  Inner diameter (Din) 49.58 mm 

14 Outer diameter (D0)  99.17 mm 

 

3.5.1 DESIGN OF STATOR FOR 6/4 POLE SRM 

(1) Stator pole arc, 
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(2) Stator pole width, 
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(3) Stator pole area, 
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*114 = 1479.72 sq.mm   (3.87) 

(4) Stator yoke width, 
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Where,     
   

 
 = 739.86 sq.mm      (3.89) 

Hence, SYW = 6.49 mm       (3.90) 

(5) Stator pole height, 
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- 6.49       (3.92)  

   18.3 mm         (3.93) 

3.5.2 DESIGN OF ROTOR FOR 6/4 POLE SRM 

(1) Rotor pole arc,  

βR>βS                   (3.94) 

Here βR = 32
0
         (3.95) 

(2) Rotor pole width, 
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(3) Rotor pole area, 
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(4) Rotor yoke width, 

 RYW = ARY / L        (3.102) 

Where, ARY = ASP / 1.6 = 1479.72/1.6 = 924.8 sq.mm   (3.103) 

Hence, RYW = 8.11 mm       (3.104) 

(5) Rotor pole height, 
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3.6 MAGNETIC CIRCUIT ANALYSIS FOR INTENDED AIR-

CONDITIONER APPLICATION 

Reluctance of stator pole, 
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Therefore,                         (3.111) 

Reluctance of rotor pole, 

    
               

                  
 ; Where            and    for iron is 800 
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Therefore,                        (3.115) 

Reluctance of air gap (Ag), 
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Now,    
              

                 
; Where            and    for iron is 800 
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Therefore, 2Rg = 3.929 AT/Wb      (3.122) 

Reluctance of Stator yoke (Stator back iron), 

    
               

                     
 ; Where            and    for iron is 800 
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Reluctance of Rotor yoke (Rotor back iron), 
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Table.3.5 Design Parameters for 6/4 Pole SRM 

Sl. No. Parameter Value 

1 Stator pole arc (βs) 30
0
 

2 Stator pole width 12.98 mm 

3 Stator pole area 1479.72 mm
2
 

4 Stator yoke width 6.49 mm 

5 Stator pole height 18.3 mm 

6 Rotor pole arc 32
0
 

7 Rotor pole width 13.67 mm 

8 Rotor pole area 1559.27 mm
2
 

9 Rotor yoke width 8.11 mm 

10 Rotor pole height 2.38 mm 

11 Total Reluctance of stator pole (Rsp) 24.60377 AT/Wb 

12 Total Reluctance of rotor pole (Rrp) 3.0366 AT/Wb 

13 Total Reluctance of air gap (Rg) 0.3929 AT/Wb 

14 Total Reluctance of stator yoke (Rsy) 4.3628 AT/Wb 

15 Total Reluctance of rotor yoke (Rry) 4.36157 AT/Wb 

16 Total Reluctance (Ψ)          AT/Wb 

 



3.7 PARAMETERS OF THE MACHINE FOR AIR-CONDITIONER 

APPLICATION 

3.7.1 CALCULATION OF INDUCTANCE (L) 
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Therefore,      
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3.7.2 CALCULATION OF RESISTANCE (R) 

We know,    
 

 
        (3.138) 

Assuming, current density J = 5A/mm
2
,     (3.139) 

J = Iph/A         (3.140) 

A=Iph/J = 10/5 = 2 mm
2       

(3.141) 

And,               for copper conductor    (3.142) 
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Note: Inertia constant and friction constant are taken as explained in the previous 

agricultural application. 

 

 

 

 



Table.3.6 Machine Constants 

Sl. No. Parameter Value 

1 Inductance (L) 0.86 H 

2 Resistance (R) 0.41 mΩ 

3 Inertia constant(H) H=3.525 sW/VA 

4 Frictional constant( ) 0.16 

 

 

 

3.8 CONCLUSION 

 A new design procedure of SRM drive system is carried out through different 

design parameters like stator/rotor laminations, winding details, pole number; by 

using power output equation. The design procedure of domestic PFC air-conditioner 

and irrigation applications has been discussed which is correlated by axial 

length/diameter of the stator poles of similar classical machines. For attaining greater 

efficiency, the optimal material is chosen for stator yoke and rotor poles. The 

prominent view of aligned/un-aligned position of rotor, the phase inductance value 

has been evaluated and modeled for SRM by using MATLAB/Simulink software. 

Measurement of inductance, coefficient friction, inertia constant, magnetic circuit 

analysis for 6/4 pole SRM drive for several intended applications are explained. The 

dynamic analysis is carried out for 6/4 SRM drive system with explored application 

schemes by using various mathematical notations under open loop and closed loop 

topologies using effective simulation tool and results are presented in next chapter. 


