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Abstract: Switched Reluctance motors (SRM) enthralled many researchers due to their coherent structure and sturdy design switched 

reluctance motors are, robust, reliable, fault tolerated, efficient, and maximum temperature resistant when compared to other 

conventional motors. The drift in the power electronic converters enhances the usage of SRM, stator and rotor consisting of projected 

inward and outward poles the gap between the stator and rotor causes harmonics which cause torque ripples which are deteriorating SRM 

drives. In this paper, a ferrite rotor is considered which is composed by the different material like nickel, manganese, copper, ferric, and 

aluminum by maneuvering combustion of solution and gel method. By availing ferrite material magnetizing and demagnetizing can be 

done quickly which is essential for SRM rotor. 
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1. Introduction 

Switched Reluctance motor attaining more focus when compared 

to conventional motors due to its sturdy design and coherent 

structure the alluring attributes are robustness, highly reliable, 

fault tolerated, efficiency and maximum temperature resistant 

SRM are suffering from high torque ripples leading to high noise. 

The stator consists of poles outwards and the rotor consists of 

poles inwards, the stator is made up of a permanent magnet and 

the rotor is made of a solid laminations structure that does not 

have any windings since the structure is simple and the value of 

SRM became less which turned SRM supremacy based on 

structure of stator and rotor poles and they are differentiated by 

8/6 and 6/4. [1-3]The SRM motor consists of a stator/rotor pole 

8/6 simple construction is represented in figure.1.SRM works on 

the reluctance principle, its operation can be effectively improved 

by two methods one is by the proper mechanical design and 

another by considering righteous advanced controllers 

considering accurate amplitudes  of current, voltage, turn_on and 

turn_off angles. Srm motor character structure has the number of 

stator and rotor poles are not equal, magnetic flux is not pure Sine 

curve, mutual inductance in phase winding is very less, and the 

value of torque generated is self-contained of the polarity related 

to stator current. The windings inductance is so high that removal 

energy saved is needed restricting the maximum current to a low 

range. The Block diagram operation of SRM is represented in fig. 

2 of the rotor is sensed by a sensor represented by angle,‘ɵ ‘when 

ɵ=0 starting point phase A position is un aligned to midpoint of  

inter polar rotor-gap faces the stator pole.at this position there is 

no torque and the  current  is passing in phase A [4-7]. A torque is 

required to bring rotor position from unaligned to aligned where 

the stator and rotor pole centres coincide if the rotor position is 

ectopic to other side of the unaligned position, Unstable 

equilibrium characterizes the mis- aligned situation, since the 

rotor is in apposition of ace value of inductance when current is 

passing in an aligned position there is zero torque [12]-[18]. Here 

in this paper ,It is  mainly focused on rotor material 

.Conventional rotor material is generally made up of soft magnet  

like  iron-silicon alloys, nickel-iron alloys and iron.[8-12]The 

coercivity is less than the position 1000Am-1.   

2. Mathematical Equations of SRM 

Where ‘P’ Phase machine, stable equilibrium is obtained when 

rotor position is aligned. Stator poles are represented by P1 and 

rotor poles are represented by P2 no.of phase’s equation is given 

in Eqn (1) & (2) 

PhaseMachine   P =  P1/ (P1 − P2)            (1) 

Number of pole pairs =  P1/2P              (2) 

Expression for stator pitch and rotor pole pitch is given in Eqn 

(3), (4)  

StatorPitch Γs =  2Π/P2            (3) 

RotorPitch Γr =  2Π/P1                         (4) 

The shift change in phase is between flux linkages and stator 

phase and it is obtained in Eqn (5) as given below 

ΘPS =  (2Π/P2) ∗  (1/P)         (5) 

The stroke angle obtained from the difference of the stator pole 

pitch and rotor pole pitch is expressed in Eqn (6),  

Θsa =      Γs –  Γr          (6) 

For one phase switching frequency can be written by based on 

Eqn (7),   

 Pf =  P ∗  P2          (7) 

The conventional method of using SRM sends uni-directional 

current signals progressively to each phase coils this signal 

timing and amplitude might be used to limit it. Due to its unique 

design and lack of magnetic excitation current and no mutual 

inductance in coils the back emf is produced by the change in 
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phase excited by self-inductance. The count of stator poles and 

rotor poles and their physical dimensions are the number of 

phases in stator and, the intensity of phase current is the timing of 

the phase on off affect this power and mechanical torque Due to a 

significant angle between the poles of the stator and rotor, the 

SRM can have the greatest proportion between phase of aligned 

& unaligned inductance.  

3. Nano Soft Ferrite SRM Rotor  

Cubic spine structured ferrite contains good magnetic and 

electrical properties related to their method of preparation, 

temperature and time taken for preparation. Interaction between 

oxygen ions and metal electrons ferrites possess ferrimagnetism 

the resistivity of ferro-magnetism is low when compared to 

ferrite. Spinal class 

 

 

Fig.1 Flow Chart of Solution-Gel Auto Method 

ferrites and nickel ferrites gives good stability, saturated 

magnetization, high resistivity and high coercivity , stoned nickel 

ferrite & nickel ferrites are examined by many researchers 

because of their composed distinct elements. Ni-Mn ferrite 

material chemical formula is given by 1Fe2-xAlxO4 

Ni0.7Mn0.2Cu0. The value x ranges from 0, 0.05, 0.1, 0.15, 0.2, and 

0.25 with respect to composition & frequency. 

Ni0.7Mn0.2Cu0.1Fe2-xAlxO4 six samples are considered in the 

preparation of nano ferrites by using auto sol-gel method. 

Interpretive agents chemicals are introduced 

Ni(NO3)2.6H2ONitratesof Nickel greater than equal to 98%, 

Merck, Mn(NO3)2.6H2O Manganese equals to 99 percent  Merck  

, Cu(NO 3)2.3 H2O copper equals to 99%  Himedia, Fe(NO 3)3.9 

H2O  ferric  equals to 99 percent Himedia, Al(NO 3) 9 H2O 

aluminium equals to 99% Himedia) and citric acid C6H8O7 

(Merck) are used for obtaining  solution for synthesis process is 

converted into gel by high temperature for one quadrature hours 

at eighty degrees Celsius the powder is manufactured and pellets 

are coalesce at one thousand two hundred  degrees Celsius for 5 

Hrs,Himedia and Merck are the manufacturers of chemicals and 

reagents for research  the above flow chart describes the 

procedure for sampling synthesis  as shown in Fg.1. 

 

Fig.2. 8/6 SRM Structure 

Where A1A2, B1B2, C1C2, D1D2, are four phases of stator 

which represents 8 stator poles respectively and 6 rotor poles. It is 

clearly shown in Fig.2. The block diagram of proposed system as 

shown in Fig.3. 

 

Fig.3. Block diagram Representation of SRM 
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4. Results and Discussion 

The value  x ranges from  0, 0.05, 0.1, 0.15, 0.2, and 0.25 with 

respect to  composition and frequency synthesized nano ferrite 

dielectric is plotted with frequency as show in Fig.4  di-electric 

decreases with increase in frequency it is exponential and similar 

to Maxwell-Wagner space charge polarization in synchronization 

with koops phenomenon. Maxwell-Wagner explains when 

electric field is applied  high electrical displacement  of 

nanocomposite is resulted , and therefore enhances pristine 

polymers 

 

Fig.4 Ni0.7Mn0.2Cu0.1Fe2-xAlxO4 The value of   x ranges from 0, 0.05,  

0.1, 0.15, 0.2, and 0.25 with respect  to εr   & frequency . 

 

 

Fig.5. Ni0.7Mn0.2Cu0.1Fe2-xAlxO4 the value x ranges from 0, 0.05, 0.1, 

0.15, 0.2, and 0.25 with respect to tan δ & frequency. 

The dielectric decrease is due to the electronic exchange between 

ferrous and ferric ions at a particular frequency. The dielectric 

loss tan ⸹  is varied with frequency for every synthesized nano-

ferrite Ni0.7Mn0.2Cu0.1Fe2-xAlxO4( x =0,0.05,0.1,0.15,0.2 and 

0.25) is shown in fig.5  di electric losses decreases with increase 

in frequency, the response of dielectric loss can be explained with 

the help of Maxwell -Wagner interfacial polarization.. 

 

Fig.6 Ni0.7Mn0.2Cu0.1Fe2-xAlxO4 The value  x ranges from  0, 0.05, 0.1, 

0.15, 0.2, and 0.25 with respect to  resistivity  & frequency 

DC resistivity changes with frequency as shown in the fig.6 for 

Ni0.7Mn0.2Cu0.1Fe2-xAlxO4(x =0,0.05,0.1,0.15,0.2 and 0.25) nano 

ferrite material decrease in the resistivity is due to large ionic 

radius of Fe3+ when compared to Al 3+ in the ferrite current and 

aluminium swapping in iron. The reduction in the resistivity 

reduces the porosity as pores are unavailable to promoting for 

conduction which helps for resistivity. The resistivity decreases 

with porosity as the carriers on their way leads to pores. 

.

 

Fig.7 M-H Loop for Ni0.7Mn0.2Cu0.1Fe2-xAlxO4 The value  x ranges from  

0, 0.05, 0.1, 0.15, 0.2, and 0.25 

The magnetic behaviour when field is applied at room 

temperature for Ni0.7Mn0.2Cu0.1Fe2-xAlxO4 The value  x ranges 

from  0, 0.05, 0.1, 0.15, 0.2, and 0.25 is shown in the fig.7. SRM  

nano-ferrite rotor enhances the magnetic properties when 

compared to soft magnetic materials from the figure the 

magnetization value is stepped up with adapted magnetic field 

and attains the  maximum position at higher magnetic field with 

the help of M-H plot Magnetic saturation ,the magnetic moment 

and coercivity are obtained and tabled as below. 

Table.1 Magnetic Properties 

x-value 

Saturation 

magnetization (Ms)) 

(emu/gm) 

Magnetic 

moment                 

(ɳB) 

Coercivity 

(Hc) 

(Oe) 

g- value 

0 126.9806 2.9360 24 1.9629 

0.05 107.2839 4.4694 39 2.0526 

0.01 114.5964 4.7444 37 2.1140 

0.15 120.6067 4.9621 29 2.0625 

0.20 129.2215 5.2831 22 1.9820 

0.25 135.2318 5.4939 21 1.9758 
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The magnetic saturation and coercivity are obtained from the M-

H plot. From the above table.1, the values of coercivity state nano 

crystalline nature of synthesized nano ferrites. The value of 

coercivity decreases with increase in aluminium concentration 

.The coercivity of nano ferrites rely on crystalline anisotropy 

constant, grain size average, Lower value of coercivity results 

decrease in magnetic losses when x=0 coercivity is 24 and x=0.25 

coercivity is 21. The impregnation of aluminium in iron ferrite 

causes magnetic saturation, magnet on number, coercively and 

magnetic properties drop. The rotor made of nano ferrites has 

higher efficiency. The declination in coercively with increase in 

aluminium content size of the particle and saturation 

magnetization continuously increases. The magnetic saturation 

and magnetic ruminant are greatly dependent on sintering 

temperature nano ferrites size greatly depending on temperature 

sintering from all the above properties nano ferrites materials 

expose super magnetic behaviour. Fig.8 represents relation 

between initial permeability with frequency. Sintering is a heat 

treatment process where loose material is subjected to high 

temperature and pressure in order to compact it into a solid piece. 

 

Fig.8  Initial permeability with frequency for Ni0.7Mn0.2Cu0.1Fe2-xAlxO4 

The value  x ranges from  0, 0.05, 0.1, 0.15, 0.2, and 0.25 

Magnetic properties when compared to conventional soft 

magnetic material the results are analysed and displayed in 

exhibits good the graph and tables. Nano ferrites are synthesized 

with the help of the auto sol-gel combustion method the material 

obtained from this method is used for the rotor. 

5.Conclusion 

SRM Nano ferrite rotor Ni0.7Mn0.2Cu0.1Fe2-xAlxO4 The value  x 

ranges from  0, 0.05, 0.1, 0.15, 0.2,and 0.25 exhibits good 

magnetic properties and electrical properties which are observed 

from XRD analysis and sem.Results  are compared with 

conventional  magnetic material which s are analysed and 

displayed in the graph and tables.Nano ferrites are synthesized 

with the help of the auto sol-gel combustion method the material 

obtained from this method is used for the rotor to reduce torque 

ripples in switched relucatnce motor. 
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