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Abstract-A novel control scheme for a Switched Reluctance
Motor{(SRM) drive is described. The control scheme which is
to increace torque, to decrease torque ripples and casy to
commutate is suggested. The conditions for high torque drive
which includes flat~topped phase current and voltage control
are analyzed and adopted in this control scheme. Flat-topped
current is achived via de-link voltage control, The suggested
control system was tested to verify this suggestion.

Keywords SRM,
current, P-1 control

DC-link voltage control, Tlat-topped

1. introduction

Recently, SRM is rescarched more for its advantages such
as simple and robust construction, high efficiency, excellent
reliability, high
characteristics.[1] However, these machines also have some
high torque ripple, high
non-lincarity, current commutation difficulty during high speed
opcration,

So, to reduce torque ripple and to develop high torque,
flat-topped phasc current is desirable{1] And to achicve casy
commutation, commutation angle is predicted and/or calculated

speed capability and good thermal

disadvantages such as rclative

from the motor conditions.

In this paper, novel control scheme for high torque drive is
proposed, The conditions for high torque drive which includes
flat-topped phase current control are analyzed and adopted in
this control scheme. Flat-topped current is achived via de-link
voltage control. And this scheme has casy commutations

characteristics in a wide speed range.

II. Suggestion of novel control scheme

In gencral, the torque-speed charateristics for SRM are

similar to DC scrics motor and changable by the control

method. To get a high efficiency, high torque, low torque
ripple and easy commutation, flat~topped phase current and
appropriate switching angle calculation is essential[l1] It's
because that the curent shoule be flat-topped for low torque
ripple and the effective torque is not developed during current
build-up and tail region.

The switching angle for flat-topped current is derived as
followings.
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Flg. 1. Phase current in 2 SRM

Voltage equation for a phase in a SRM is as Eq.(1).

di . dL(0,) dO

V=Ri+L( O’i)_ciT Dy dt (9]

where R is winding resistance,
L is inductance.

If magnetic saturation and winding resistance arc neglected
for simple analyis, the flat-topped phase current is as eq.{2).

b= @

__dr( 9.1
Where k= T

—485—



And to build up this current as flat-topped phase current
at the end of minimum of inductance profile, the advance

angle 0 -0 is derived from cquation (1) as follow
L i
0 p-on= 50 &)

And this flat-topped current is to be benished within a
maximum period of inductance profile not to gencrate negative

torque. This maximum turn off angle @ g-of is

_ |4
Os-of = Lumax Kiv, 4)

Where Vs is applied voltage during demagnetization.

So, the developed torque by this flat-topped current is as
eq (5).

dL{ 0,0 y?
dt (R+k 0%

dl.(d?.z) 2= )

T(0)=+ +

From above analysis and cquations, appropreate applicd
voltage and switching angle are enables to drive a motor with
the flat-topped phase current and the reduced torque ripple
drive. Eq.(2) shows the similar charactristics to the
V/F=contst. speed control of ac motors.

II. Experiments and Resuits

To verify this proposed control scheme, control system is
constructed for 1 HP 8/6 pole SRM. The inverter with chopper
circuit is as Figure 2,

Fig. 2 Proposed power converter circuit

(a) Hardware design

The power converter used in this experiment is classic

inverter with chopper. The chopper is to control dc-link
voltage for flat-topped phase current by equation(2), The
classic inverter is to maintain DC link level demagnctizing
voltage. So, in this configuration, switching angle is almost
constant in variable torque, variable specd control operation.
Other inverter
magnetizing/demagnetizing

configuration is difficult to maintain same
demands  the
calculation process to predict tum-off angle and degrade

voltage and it

driving performances.
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Fig. 3 SRM control scheme

(b) Software design

The closed-loop speed control system for SRM drive is
controled by digital computer. From Eq.(3), (4), switching=-on,
-off angle could be fixed and DC link voltage is controlled via
chopper.

The speed control loop is excuted by software, The speed is
controlled by P-1 controller which regutate DC-link voltage.

Using proposed control scheme, phase current is as Figure
4. But the smoothing reactor is climimated and sustituted by
the phase winding of motor and hardware incomplcteness, the
phase currcnt is not completely flat-topped.  Step response of
speed control loop is shown in Fig. 5.

Fig. 4 Phase current(upper) and gate signal(lower)
(Ver. ; 2A/Div., Hor, : 2mscc/Div.)
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Fig. 5 Step response of SRM drive system
(Ver. ; 500rpmy/Div. Hor. : 0.5scc/Div.)

IV. Conclusion

This paper describes novel control scheme for a SRM
drive. The control scheme which is to decrease torque ripples
and to increace torque is suggested. The voltage and
switching angle for the flat-topped phase current is derived
and this technique is advantages to reduce torque ripple, to
maximize torque and easy to commutate.

Some considerations including saturation effect, winding

resistance are take into. account for the industrial application.

References

[1] P.J.Lawenson, J.M.Stephenson, P.T.Blenkinsop, J.Corda,
N.N.Fulton " Variable-speed swiched reluctance
motors” IEE Vol.127, Pt.B, No4,July,pp.253-265, 1980

[2] Jin-Woo Ahn, G.S. Gong, Y.M. Hwang,Predicting the
Torque Characteristics of Switched Reluctance Motor
by using Nonlincar Inductance Profile” IEEE-TENCON
Conf. pp 580-584, 1993

[3] S.Vukosavic, R. Stefanovic, " SRM Inverter
Tropologies : A Comparative Evaluation”, IEEE Trans.
VolIA-27 pp. 1034-1047, 1991

[4] B.K. Bose, T.J.E. Miller, P.M. Szczesny, W.IL
Bicknell,” Microcomputer Control of Switched
Reluctance Motor” IEEE Trans. Vol.IA-2. N0.4, pp.
708-715, 1986

[5] J. W. Ahn, Y. B. Choo, Y. M IIwang " A Design
Method for High Efficiency SRM Drive” IMPEC'94
Jun, 1994

—487 —



