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Abstract: Since the change of the radial electromagnetic force is a main cause of noise and vibration of the SRM, this paper

proposes a method to reduce the change of the electromagnetic force of an SRM. The technique is based on the control of the

current shape associated with each phase using switches of the converter to drive an SRM. And we analyze the relation between the

derivative of the radial electromagnetic force and the phase currents. A simulation is given to demonstrate our results.
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1. INTRODUCTION
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The switched reluctance motor is operated by a variable

reluctance torque. It is simple structure, and it has the high

power-to-weight and torque-to-weight ratios and a wide speed

range and excellent starting characteristics [1]. SRM has a lot

of advantages more than an existent permanent magnet type

electric motor, but there are disadvantages that torque ripple,

noise and vibration are serious. By those properties, it is

difficult to apply to electronic fields and company business, etc.
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where is the input DC voltage of the th phase,  is 

the flux linkage of the th phase, is the stator winding

resistance,

iV i i

i R

is the angular velocity of the rotor,  is the

load torque, is the total rotor and load inertia,

lT

J L  and 

are the self-inductance and the rotor position, respectively.

In SRM, causes of noise and vibration can be divided from 

electromagnetic, mechanical and air-dynamic parts. This paper

considers mainly the change of the radial electromagnetic force

which is happened when switches are changed to ON(or

OFF)[2]. Although we cannot avoid the sign change of its

derivative, it is possible to reduce its magnitude. So our aim is

to reduce the change of the radial electromagnetic force to

reduce noise and vibration of the SRM. To do this, we control

the shape of each phase current using switches of the converter

because the derivative of the radial electromagnetic force is

related to the phase currents.

The phase inductance )(L can be expressed as 

)}sin({)( rNbasL     (4)

where rN  and are the number of rotor poles and the

saturated flux linkage, respectively [4].

s

This paper is organized as follows: Section 2 reviews the

SRM model and the operation of the converter for SRM driver. 

In section 3, we review causes of the vibration and noise and

analyze the relation between the derivative of the radial

electromagnetic force and the phase currents. A simulation

result is given in section 4 to demonstrate our result and finally

we conclude the paper in section 5.

2. THE SWITCHED RELUCTANCE MOTOR

Fig. 1 illustrates the cross section of a 4-phase SRM. The

excitation is switched sequentially from phase to phase as the

rotor moves. When a phase is energized, a reluctance torque,

which tends to align the stator and rotor poles, is produced.

2.1 The model

The mathematical model of the SRM is a set of differential

equations which is obtained by using the standard electric

machine theory [3]. The differential equations of the SRM are 

Fig. 1. Cross-section of a 4-phase SRM. 
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3. NOISE AND VIBRATION IN THE SRM2.2 The operation of converter for SRM drive 

We examine actions of the driver circuit in this subsection.
3.1 Causes of noise and vibration Four operations of the converter circuit are illustrated in Fig. 2.

The causes of noise and vibration of SRM is similar to them

of general electric motor. Major causes of noise and vibration

happened in SRM can be divided from electromagnetic, 

mechanical and air-dynamic parts. In this paper, we consider

electromagnetic force of them because the noise and vibration

can be reduced by control algorithms. The radial

electromagnetic force is appeared by each phase current, self-

and mutual inductance, and the gap separation between the

stator pole and the rotor pole. In the present paper, we do not

consider mutual inductance for simplicity.
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If the motor is operated in its magnetically linear region, the

radial force rF can be expressed by

g
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where is the position angle of rotor, g is the gap

separation between the rotor and stator, and L  is the

self-inductance of the winding, and is the winding current

[2].

i

3.2 Analysis of the electromagnetic force

One of vibration sources is the change of the radial

electromagnetic force. The electromagnetic force is sum of the

tangential and the radial terms as Fig. 3. That is, rt FFF .

The magnitude of the radial electromagnetic force changes

according to the angle of rotor.
Fig. 2. Four operations of the converter for SRM drive.

(a) driving mode (b) free-wheeling mode

(c) demagnetizing mode (d) waiting mode 

2.2.1 Driving mode

Fig. 2(a) is the driving mode when both the upper and lower 

switches are ON. The circuit equation in this mode consists of a

winding resistance, a back electromotive force and a reactance

voltage drop as follows:

dt

di
L

d

dL
iRiinV )(

)(
    (5)

2.2.2 Free-wheeling mode 

Fig. 2(b) is the free-wheeling mode when the upper switch is

OFF and the lower switch is ON. The circuit equation in this

mode is 

Fig. 3. Electromagnetic force vector diagram.

At the position where stator and rotor are begun to overlap

each other, the radial electromagnetic force is small as Fig. 3(a).

The radial electromagnetic force is increasing during the rotor

moves from Fig. 3(a) to Fig. 3(c). Fig. 3(c) indicates the

position when the maximum of the radial electromagnetic force

is occurred. The radial electromagnetic force is decreasing after

the position of the rotor as Fig. 3(c).
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2.2.3 Demagnetizing mode 

Fig. 2(c) is the demagnetizing mode when both the upper

and lower switches are OFF. The circuit equation in this mode

is
Now, we describe L  and g as functions of  as

ollows:f

dt

di
L

d

dL
iRiinV )(

)(
    (7) )sin()( rNbaL (9)

)sin( rNdcg (10)

2.2.4 Waiting mode
Since the change of the radial electromagnetic force causes a 

vibration of the SRM, we need the time derivative of the radial

lectromagnetic force. That is, the derivative is

Fig. 2(d) is the waiting mode when the current is zero in the

demagnetizing mode. e
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Table 1. Characteristic of parameters at the current-rising

edge and at the current-falling edge.2)(

)cos()(2

2

1

)(
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g

rNrNcbad
i

g

L
iirF .    (11)

Current-rising

edge

Current-falling

edge

i Positive Negative

Inductance Small Large

Air-gap length Large Small

)cos( rN Positive Negative

rF Negative Positive

Its derivative is related to the phase current, the derivative of

the phase current, the inductance, and the gap separation

between the rotor and the stator. Fig. 4 shows the values of

inductance, gap, and the ratio of them. From the general 

method of driving the SRM, the parameters in (11) have

characteristic as Table 1. That is,  at the current-rising

edge and at the current-falling edge. The derivative of

the phase current and ON/OFF angles are available to reduce

the magnitude of , From Fig. 4 and Table 1, it shows easily 

that the magnitude of is bigger at the current-falling edge

than at the current-rising edge. So the duty of PWM is

necessary to be controlled such that the phase current is

smoother at the current-falling edge than the current-rising

edge. Fig. 5 shows the shape of the phase current according to

our strategy. The shape of the phase current in Fig. 5 is

generated by controlling the duty of the PWM.

0rF

0rF

rF

rF

Fig. 4. The waves of inductance, gap, and the ratio of them.

Fig. 5. The phase current and PWM of the proposed method. 

4. SIMULATION

4.1 Simulation Setup

The proposed method for the SRM is simulated in Matlab

and the corresponding block diagram of the SRM drive system

is shown in Fig. 6.

Fig. 6. Block diagram for SRM simulation
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4.1.1 Controller Part 

The input of the controller is the error of the angular velocity

of the SRM and its output is connected into the converter. The

SRM is simply controlled by P control.

4.1.2 PWM Controller Part

The PWM controller receives the angle of the rotor as an 

input and generates the duty of PWM to make the phase current

mooth.s

Fig. 7. PWM controller.

4.1.3 Converter Switching Part

The inputs are the reference current, the phase current, the

angle of the rotor, and the output of the PWM controller. This

part controls the phase current by comparing the reference

current.

4.1.4 SRM Modeling Part

The SRM model is shown in Fig. 8. 

Fig. 8. SRM model for simulation.

4.2 Simulation Results

In the simulation, the reference angular velocity is 500rpm. 

Fig. 9 shows the simulated results of the angular velocity,

phase current, torque, radial electromagnetic force and change

of electromagnetic force according to inverter operation. As

shown Fig. 9(a), the output angular velocity is following well 

the reference, but the torque ripple is occurred in the transient

period. Fig. 10 and Fig. 11 show the results of the proposed

method and the general method in the case of no load and full 

load, respectively. The proposed method gives the change of

the electromagnetic force smaller than the other.

5. CONCLUSION

This paper has proposed a method to reduce the change of

the electromagnetic force of an SRM because the change of the

radial electromagnetic force is a main cause of noise and

vibration of the SRM. Based on the control of the current shape 

(a) Angular velocity

(b) Phase current

(c) Phase current

 (d) Torque
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(e) The enlarged torque 

Fig. 10. The change of the radial electromagnetic force with no

load.

(f) Radial electromagnetic force 

Fig. 11. The change of the radial electromagnetic force with

full load.

associated with each phase and the analysis of the derivative of

the radial electromagnetic force, ON/OFF angles of switches of

the converter have been decided. Finally we have simulated to

demonstrate our results.
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(h) Change of radial electromagnetic force

Fig. 9. Simulation Results. 
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