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ABSTRACT: 
The switched reluctance motor is a singly excited, doubly salient machine which can be used in the generation mode 
by selecting the proper firing angles of the phases. Due to its robustness, it has the potential and the ability to become 
one of the generators to be used in the harsh environment. This paper briefly discusses the energy conversion by a 
switched reluctance generator (SRG) when two switches per phase converter circuit and discrete position sensors are 
employed. It is well known fact that, as the generator’s speed increases by a prime mover and the shape of the current 
waveform changes in such a way that limits the production of generating voltage. At high speeds, it is possible for the 
phase current never reaches the desired value to produce enough back-EMF for sufficient voltage generation, 
therefore, the output power falls off.  In order to remedy this problem, the phase turn on angle is advanced in a way 
that the phase commutation begins sooner. Since one of the advantages of this type of generator is its variable speed 
then, the amount of advancing for the turn on angle should be accomplished automatically to obtain the desired output 
voltage according to the speed of the generator, meaning, as the generator speed increases so should the turn on angle 
and vice versa. In this respect, this paper introduces an electronic circuit in conjunction with time reshaping of the 
command pulses obtained from position sensors and the drive converter to achieve this task for a desired output 
voltage when a SRG feeding a resistive load. To evaluate the generator performance, two types of analysis, namely 
numerical technique and experimental studies have been utilized on a 6 by 4, 30 V, SRG.  In the numerical analysis, 
due to the highly non-linear nature of the motor, a three dimensional finite element analysis is employed to calculate 
some of motor parameters and then using these parameter, current shape and magnitude are computed, whereas in the 
experimental study, a proto-type generator and its circuitries have been built and tested using two-switch per phase 
converter. A linear analysis of the current waveform for the generator under different advancements of the turn on 
angle has been performed numerically and experimentally and the results are presented. 
 
KEYWORDS: SRG, SRM, Switched reluctance motor/Generator, Phase advancing. 
 
1.  INTRODUCTION 
SRG can be considered as one of the attractive options 
for the worldwide increasing demand of the electrical 
energy. It is low cost, fault tolerant with a rugged 
structure and operates with acceptable efficiency over a 
wide speed range. Due to the lack of windings and 
permanent magnets on the rotor parts, the high 
rotational speeds and high-temperature are possible. 
Furthermore, the absence of windings on the rotor 
causes the majority of the losses to show up in the 
stator, making the SRG relatively easy to cool. There 
have been many researches on the SRG characteristics 
utilizing asymmetry half bridge converter [1]-[3]. The 

SRGs utilizing has been proved to be functional and 
useful for some applications such as the 
starter/generator of the gas turbine of the aircrafts [4], 
[5] the wind turbine generator [6]-[8] and the 
starter/alternator electric cars [9], [10]. The solid 
structure of SRG is useful for an ultra-high speed 
generator such as a micro gas turbine generator [11]. 
In [12], a new performance criterion as the productivity 
of the generator is described, in this method, instead of 
the two phase commutation steps, which are on and off 
in single pulse mode, a freewheeling step is added. 
During this step, the phase is short circuited and the 
current increases due to back-emf voltage. This method 
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produces more power than the conventional method, 
for the same turn on period. 
The start and duration of the current pulses for each 
phase in a SRG are controlled and synchronized with 
rotor position by means of a direct or an indirect shaft 
positioning scheme. The performance of SRG can be 
greatly influenced by choosing the proper starting time 
for the phase turn on angle at different speeds [13]. The 
time duration τ available for the current in each phase 
winding is directly related to the speed of the generator. 
As the generator’s speed increases the amount of time, 
τ, decreases and at some point, it can reach a certain 
value such that, the control of the winding current for 
obtaining a desired value of the output voltage/power is 
impossible even by setting the width of pulses at its 
maximum value (i.e. duty cycle = 1) in order to havethe 
highest attainable field current. At high speeds, the 
current cannot rise quickly enough in the phase 
winding to reach the preferred level. Due to this reason, 
it is desirable to get current into the generator phase 
winding before the phase inductance reaches the 
generating mode. Hence, turn on and turn off angles 
can be defined as control variables, where, turn on 
angle is set to accomplish the output power and the turn 
off angle is selected to achieve optimal efficiency at 
each power level and speed. . In general, there are two 
methods to boost the current rise time namely varying 
the dwell angle and the use of the smaller number of 
turns during the excitation mode can be considered. 
These options will allow keeping SRG output voltage 
constant at high speeds where current control (PWM) is 
not a possible option anymore. 
 
2.  EXCITATION AND GENERATION MODES 
OF OPERATION 
In order to generate electrical energy by a SRGsome 
means of excitation are required. This excitation can be 
achieved by a converter circuit, one phase winding and 
its drive circuit shown in Fig. 1. 
 

 
Fig. 1. A 6 by 4 SRG, one phase winding and its two 

switches per phase drive circuit 
 

When the main switch, S1, is closed, the current builds 
in the SRG phase winding. Once the main switch is 
turned off, the more energy is returned to the source 
than that was provided for the excitation through the 
same winding. For the generator operation, the 

excitation generally begins near the aligned position for 
the relatively low-speed operation. The excitation is 
often advanced with increasing speed so that the 
excitation begins before the aligned position. This is 
analogous to the advance introduced in the control of 
the SRM [14]. At the start of the excitation phase, the 
phase current is zero and so is the back emf and it 
begins to build up as the phase currents goes up. The 
emf direction supports phase build up when a positive 
voltage is applied to the phase winding. When source 
voltage is turned off, the phase current build up is 
supported entirely by the emf. Power generation begins 
during the demagnetization when the generator phase 
winding is subjected to a negative source voltage or 
connected to a load. The phase current magnitude 
during this period depends on the magnitude of the emf 
and the supply voltage. A typical inductance and 
current waveforms of a SRG are shown in Fig. 2. 

onθ offθ endθ
θ

 
Fig. 2. The typical inductance and current waveforms 

of a SRG 
 

A stator phase winding is energized during the rising 
part of the inductance profile hence, the turn-on angle 
falls before the fully aligned rotor/stator poles positions 
and the turn off angle falls during the negative slope of 
the inductance profile which is located after the fully 
aligned position, during this period the machine 
generates power back into the supply or the load.  The 
excitation period begins from θon to θoff and that is 
when an external voltage supply is applied to the stator 
phase winding. The period from θoff to θend in which the 
energy stored in the stator winding is released through 
diodes or two-switch per phase winding till the phase 
current reaches zero is called the generation mode. 
 
3.  OPERATING THEORY OF SRG 
Although saturation plays an important role in 
obtaining the exact behavior of the SRG, and also is 
necessary for the detailed generator design but the 
analysis of the magnetically linear SRG can provide the 
useful and broad understanding of the influence of the 
many generator parameters. 
The equation for the SRG phase voltage shown in Fig. 
1 can be expressed as follows: 
 



Majlesi Jo
 

 

ܸ ൌ ܴ݅ 
 
Where ista
the flux li
current an
rewritten a
 

ܸ ൌ ܴ݅ 
 
For a give
a linear qu
as: 
 

ܸ ൌ ܴ݅ 
 
The last p
back emf
operation.
current, m
the back 
variation. 
the period
emf is neg
 
4.  FORM
GENERA
 
The soluti
result for t

s

d
dR

Vi
+

=

 
Where, I0 
 

τ dR

L

+
=

 
In order to
the param
experimen
reluctance
 
Stator core
Stator core
Rotor pole
Stator pole
Stack leng
Air gap  
Rotor core
Rotor shaf
Number o

ournal of Elec

 డఒሺθ,ሻ
డ௧

       

ands for the ge
inkage which 

nd rotor positio
as: 

 డఒ
డ

డ
డ௧

 డఒ
డఏ

en current, L is
uantity. Henc

 ሻߠሺܮ  ௗ
ௗ௧



art of (3) is th
f gives an im
 First, the bac

machine speed 
emf polarity

During the ge
d of the decrea
gative. 

MULATION A
ATOR/MOTO

ion to the equ
the current i: 

ω
θ

s I

d
dL

V
−+ [ 0

stands for the 

ω
θ
θ

θ

d
dL )(

)(           

o be able to plo
eters in (2) are

ntally for a 6 b
e generator wit

e outer diamet
e inner diamet
e arc  
e arc  
gth  

 
e outer diamet
ft diameter 
f turns per pol

ctrical Engine

                      

enerator phase
is a function 

on therefore, e

ఒ
ఏ

ௗఏ
ௗ௧

                

s a function of 
e equation (2)

 ݅߱ ௗሺఏሻ
ௗఏ

     

he back emf. T
mportant insig
ck emf is a fun

and phase ind
y depends on
eneration mode
asing phase ind

AND ANALY
OR 

uation (3) yie

ω
θ

s e

d
dLR

V −

+
]

initial current

                      

ot the current 
e found by eith
by 4, three pha
th the followin

ter  = 
ter  = 

 =3
 =2
 =3
 = 

er  = 
 = 

le  = 

eering            

                      

e current and λ
of both the ph
quation (1) ca

                      

f rotor position
) can be rewr

                      

The analysis of
ght into the S
nction of the p
ductance. Sec
n the inducta
e, which occur
ductance, the b

YSIS OF THE

elds the follow

τ
t

−
                  

t, and 

                      

profile for a S
her numericall
ase, 30 V switc
ng specificatio

72   mm 
62   mm 

32ο 
28ο 
35   mm 
0.25   mm 
39.5   mm 
10   mm 
75 

                      

  (1) 

λ for 
hase 

an be 

  (1) 

n and 
itten 

  (2) 

f the 
SRG 
hase 
ond, 
ance 
rs in 
back 

E 

wing 

  (3) 

  (4) 

SRG, 
ly or 
ched 
ns: 

In 
be
pa
mi
po
Fo
ele
va
pre
the
cu
co
ou
cu
the
ha
po
rot
ma
ali
tha
slo
str
mo
mo
co
the
eac
are

Th
as 
cu
pre
In 
(i.e
ful
 
 

                      

the numerica
en performed

ackage [15], w
inimization te

otential.  
or the finite ele
ement with 
ariation of fiel
esent study, it
e motor is ex

urrent. Also, 
nsidered for 

utside the moto
urve is single v
e magnetic vec

ave only z-dire
osition of a sta
tor pole such
agnetic struct
igned position
at when the ro
ot such that t
ructure is at it
oves from una
otor paramete
mputed. This 
e flux linkages
ch motor lami
e shown in Fig

 

 
a) The unali

Fig. 3. The Co

he so called “e
the ratio of e

urrent (λ / I). T
esented in fig.
the analysis 

e.-45o) to com
lly unaligned (

             Vol. 7

al part, the ma
d using a co
which is based
echnique to so

ement analysis
dense meshe
lds are greate
t has been ass

xcited by the r
the usual a

analyzing suc
or periphery i

valued, the end
ctor potential a
ected compone
ator pole whe
h that the r
ture is minim
n. The unalign
otor pole is in 
the reluctance
ts maximum. 

aligned to align
rs for these p
simulation dir

s. The contour
ination for two
gs. 3a and 3b. 

igned case      
ontour plots of

motor lami
 

effective” indu
each phase flu
The values ba
 4 for the unde
the rotor mov

mpletely align
(i.e. +45o) posi

7, No. 4, Dece

agnetic field a
ommercial fin
d on the varia
olve the magn

s a second orde
es at places 
er has been u
sumed that ea
rectangular bl
assumptions 

ch as: the ma
is zero, the ma
d effects are ne
and current de
ents. For conv
en is in the op
reluctance of 
mum, is defin
ned position is

the opposite o
e of the moto

In the analys
ned position h
points in betw
rectly yields p
r plots of the fl
o different rot

        b) The al
f the flux line 
ination 

uctance has b
ux linkage to 
ased on this de
er investigatio
ves from fully
ned (i.e. 0o) a
itions. 

ember 2013 

39 

analysis has 
nite element 
ation energy 
netic vector 

er triangular 
where the 

used. In the 
ach phase of 
locks of the 
have been 

agnetic field 
agnetization 
eglected and 
ensity vector 
venience the 
pposite of a 

the motor 
ned as the 
s defined as 
of the stator 
or magnetic 
sis the rotor 
ence, all the 

ween can be 
prediction of 
lux inside of 
tor positions 

ligned case 
inside the 

been defined 
the exciting 
efinition are 

on generator. 
y unaligned 
and then to 



Majlesi Jo
 

40 
 

L [mH]

-6

4

8

12

16

20

0

Fig. 4.
 
In the una
at its lowe
into the a
due to th
magnetic 
aligned po
of inducta
in fig.4. I
effective i
4mH and 
Substitutin
speed of 5
of the ind
region the
constant f
able to co
shows the
profile sho
current co
switch S1
the rotor/s
off at 90 in
During the
a18Ω resis
 

Fig. 5. C

 
The differ
may be e
inductance
connected
or θ=-450 
value and

ournal of Elec

0 -40 -20

. Terminal ind

aligned positio
est value and 
aligned positio
he fact that th
circuit decrea
osition.  The m
ance for the dif
In this analysi
inductance val
18mH, respect
ng these induc
5000 rpm the 
ductance profil
e value of th
for a very shor
ompute the val
e current wave
own in Fig. 3.
omputed and p
 is closed wh

stator poles ali
n the negative
e generation m
stive load. 

Current wavef
rot

rent parts of th
explained wit
e profile of F

d via switch S1
while the ph

d is roughly co

ctrical Engine

0 20 40

i=1 [A
i=4 [A
i=6 [A

ductance vs the

on the “effecti
increases as t

on. This induc
he reluctance 

ases as the rot
minimum and 
fferent current
is the maximu
lues used in th
tively.  
ctance values 
current for the
le has been ev

he inductance 
rt period of ti
lue of the cur
eform for the 
. It is worth m
plotted from t

hich is at 150 b
ignment till th
e slope of the 
mode the curre

form from -45
tor position 

he current wa
th reference 
Fig. 3. The p

1 to the voltage
hase inductanc
onstant, thus p

eering            

[Deg]θ
60

A]
A]
A]

Stator
Rotor

e rotor position

ive” inductanc
the generator g
ctance increas

of the gener
or moves into
 maximum va
t values are sh
um and minim
he calculations

into (4), and f
e different reg
valuated. In e
considered to

ime in order t
rrent in (4). Fi

entire inducta
mentioning that
the time when
before the star

he switch is tu
phase inducta

ent discharges 

0 to + 450 of th

aveforms in Fi
to the simul
phase windin
e source Vs at
ce is at its low
permitting cur

                      

 
n 

ce is 
goes 
se is 
rator 
o the 
alues 
hown 
mum 
s are 

for a 
gions 
very 
o be 
o be 
ig. 5 
ance 
t the 

n the 
rt of 
rned 

ance. 
into 

 
he 

ig. 5 
lated 

ng is 
t t=0 
west 
rrent 

bu
be
ch
cu
sw
ind
the
thi
is 
bu
em
sup
en
ne
ma
the
du
he
kn
wa
po
 

Fi
 
As
mo
in 
ad
lar
he
ge
Fig
cu
an
 
 

                      

uilds up at almo
gins to increa

hange of the p
urrent to fall. T
witch S1 and
ductance value
e current has r
is time the rate
negative and 

uilds up now i
mf. During th
pply and ene

nergizing perio
cessary becau
achine. At 90 r
e stored energ

uring the nega
nce the curren

nown as the ge
aveforms at tw
oints with the o

3.5

3.0

2.5

2.0

1.5

Ph
as

e 
C

ur
re

nt
 (A

)

0.5

-20

ig. 6. Current w

s inferred fro
otor speed is h

the exciting 
dvancement in
rger current a
nce the highe
nerating powe
g. 7 shows t

urrent at 5000
ngles using (4) 

             Vol. 7

ost a fast rate u
ase θ= -300. 
phase inductan
The current no
d also decayi
e. At zero deg
reached to ab
e of the induct
switch S1 is s
is due to the n

his period the 
ergy is stored

od is known as
use the SR ma
rotor position 
gy will be rele
ative slope of
nt falls off du
nerating mode
wo different s
on/off periods 

0 2
Rotor position (

 
waveforms for

om the curren
higher the stato

as well as 
n the conduct
at high speed
r back emf is 

er can be produ
the effect of 
RPM, for thr
in the SRG. 

7, No. 4, Dece

until the phase
The positive 

nce with time
ow is flowing 
ing due to
gree position t
out 2 A. A lit
tance with resp
still on, hence
negative sign 

current flow
d in the ma
 the excitation
achine is a sin
S1 is turned o

eased to the re
f the inductan

uring this perio
e. Fig. 6 shows
speeds but the
of the switch S

20 40

ON &

SPE

SPE

(Deg.)

r the two diffe

nt waveforms
or phase curren
generating m
tion angle pr

ds before exci
achievable an

uced.   
advancing on

ree different a

ember 2013 

e inductance 
rate of the 

e causes the 
through the 
the higher 

the value of 
ttle bit after 
pect to the θ 
e the current 
of the back 

ws from the 
chine. This 

n time and is 
ngly excited 
off and all of 
esistive load 
nce profile, 
od which is 
s the current 
e same start 
S1. 

& OFF PERIODS

ED = 3000 RPM

ED = 5000 RPM

erent speeds 

, when the 
nt is smaller 

modes. More 
roduces the 
iting mode; 
nd the more 

n the phase 
advancement 



Majlesi Jo
 

 

Fig. 7.
d

In order 
waveform
optical s
respect to 
4 switched
show the 
the main w
power sw
having 15
 

ournal of Elec

 The phase cu
different turn o

to see the 
ms under the d

ensors, havin
the rotor pole

d reluctance g
actual generat
windings as w
itches at the d
0 advancemen

(a) 3000R

(b) 500

ctrical Engine

urrent at 5000 R
on advancemen

 
shape of th

ifferent turn o
ng adjustable
s are fixed at t
enerators. Fig
tor phase curr

well as the on t
different speed
t angle, respec

 
RPM and 150a

 

 
00 RPM and 15

 

eering            

RPM, for three
nt angles 

he actual cur
on angles, a se
e positions 
the end of the 
s. 8.a, 8.b, and
rent waveform
time period of
ds versus the 
ctively. 

adv. 

50 adv 

                      

 
e 

rrent 
et of 
with 
6 by 
d 8.c 

ms in 
f the 
time 

 

 

F

 
As
cu
mo
the
the
res
the
pro
wa
spe
the
tim
 

As
spe

the
 Th
an
SR
de
ma
un
pa

                      

Fig. 8. The gen
switch ph

s seen in Figs
urrent changes
over goes up. 
e discharge is 
e duration of t
spect to the rot
e rotor pole le
obe is set to
aveform. One
eeds for an ap
e same advan
me is shown in

Fig. 9

s seen in Fig. 9
eed goes up. T

e denominator
he motoring m

n important rol
RM drive and a
sign, but the
agnetically

nderstanding o
arameters. 

             Vol. 7

(c) 7000 RPM

nerator on time
hase currents in

s. 8(a), 8(b), a
s as the speed

Having differ
due to the di

the negative ra
tor position an
eaves the stato
o ×10 to mea
e phase gener
pplied constant
ncement angle
n Fig. 9. 

. One phase ge

9 the current d
The main reas

r of the equatio
mode of the o
le in obtaining
also, is necess
e analysis of
can provide
of the influen

7, No. 4, Dece

M and 150adv

e period of the 
n the main win

and 8(c) the s
d of the gene
rent current sl
fferent time c
ate of the indu
nd also time co
or pole. The o
asure the out
rator current 
t field voltage

e for the tran

enerator curren

drops exponen
son is due to R

on (4). 
operation satur
g the exact beh
sary for the det
f the linear 
e useful a
nce of the m

ember 2013 

41 

 

two power 
nding 

shape of the 
erator prime 
lopes during 
onstants for 

uctance with 
onstant after 
oscilloscope 
tput current 
at different 

e of 12V but 
sistor firing 

 
nt 

ntially as the 
dLR
d

ω
θ

+  in 

ration plays 
havior of the 
tailed motor 
SRM drive 
and broad 
many motor 



Majlesi Jo
 

42 
 

Fig. 10 sh
respect to
stator pole

Fig. 10
 
The positi
pole corr
inductance
Substitutin
and for a
different r
evaluated.
the switch
polarity o
flows thro
show the c
in the con
the curren
be compar

Fig

b) Curr

ournal of Elec

hows the var
o the rotor po
es in an ideal l

0. Inductance v

ions of the roto
responding to
e profile ar
ng these induc
a speed of 5
regions of the
. The current w
hes S1 and S2
of the power 
ough diodes D
current wavefo

nduction angle
nt curves have 
red. 

. 11. a) Curren
Ad

rent waveform

(a) 

(b) 

ctrical Engine

riation of the 
sition for onl
inear motor sh

 
variation of on

or pole with re
o the differe
re also show
ctance values 

5000 rpm, the
e inductance p
was computed 
2 are open, du
supply is rev

D1 and D2.  F
orms for differ
e. It is worth m

been plotted 

nt waveform fo
dvancement 

m for 14 Deg. o

eering            

inductances 
y one pair of

hown in Fig. 1

ne motor phase

espect to the st
ent parts of 
wn in Fig. 
into equation

e currents of
profile have b
for the time w

uring this time
ersed and cur

Fig. 11(a) and
rent advancem
mentioning tha
starting at t = 

 

or 5 Deg. of 

of Advancemen

                      

with 
f the 
. 

 

e 

tator 
the 
10 

n (4) 
f the 
been 

when 
e the 
rrent 
d (b) 

ments 
at all 
0 to 

nt 

Th
11
po
usi
co
Vs

1θ
lin
(i.e
ph
fal
vo
the
thr
the
co
spe
ad
be

4θ
Tim
 

F

Tim
 

Fi

                      

he different pa
(a) and 11(b) 

ositions of the
ing the circuit
nnected via sw
s at t = 0 wh

2θ θ〈 〈 ), thus 
near rate until t
e. 2 3θ θ θ〈 〈 ). T

hase inductanc
ll. From then

oltage source i
e diodes D1
rough the diod
e current wav
nduction angle
eed hence, the

dvancing can a
fore the rotor 

4 5θ θ〈 〈 ).  
ming at 5 mse

ig. 12. a) Actu

b) Powe

ming at 5 mse

ig. 13. a) Actua

b) Power s

             Vol. 7

arts of the cur
may be expla
idealized indu

t shown in Fig
witches S1 and
hile the phase
permitting cu
the phase indu

The positive ra
ce with the tim
n on the swi
is connected t
and D2. The 

des and also de
veforms, the m
e produces the
e higher torque
lso cause the p
reaches the ne

ec/div. , Curren

 
ual current wav

advancem
r switches turn

 
ec/div., Curren

 
al current wav

advancem
switches turn o

 

7, No. 4, Dece

rrent wavefor
ined with refe
uctance profile

g. 1. The phase
d S2 to the vol
e inductance 
urrent build up
uctance begins
ate of the cha
me causes the
itches are op
to the phase w
current now 

ecaying fast. A
more advancem
e larger curren
e is obtainable
phase commut
egative torque

nt at  2  A/div.

veforms for 5
ment 
n on time dura

nt at 5 A/div. 

veforms for 14
ment 
on the time du

ember 2013 

rms of Figs. 
erence to the 
e of Fig. 10 
e winding is 
ltage source 
is low (i.e. 

up at almost 
s to increase 
ange of the 
e current to 
en and the 
winding via 

is flowing 
As seen from 
ment in the 

nt in the high 
e. The phase 
tation to end 
e region (i.e.

 

 

Deg. of the 

ation 

 

 Deg. of the 

uration 

(a)

(b)

(a)

(b)



Majlesi Journal of Electrical Engineering                                                                      Vol. 7, No. 4, December 2013 
 

43 
 

In order to see the shape of the actual current 
waveforms under the different turn on angles, a set of 
optical sensors, having adjustable positions with 
respect to the rotor pole is fixed at the end of the 6ൈ4 
switched reluctance motor. Figs 12(a),(b) and 13(a),(b) 
show the actual motor phase current waveforms and the 
on time duration of the power switches under 5 and 14 
degrees of advancing for the phase turn on angles at a 
speed of 5000 rpm, respectively. 
Comparisons between the actual current waveforms in 
figs. 12(a) and 13(a) and the computed ones in Figs. 
11a and 11b show the close agreement in general shape 
of the waveforms and a difference of less than 14% of 
the magnitudes. The reason for the difference is due to 
the assumptions made in writing and solving the 
equation (1). 
 
5.  EXPERIMENTAL STUDY 
Advanced conduction angle at the generator starting 
phase (i.e. iphase=0) can have profound effect on the 
power production mechanism since the higher current 
is achievable before and during the exciting mode. At 
the medium and high speeds, but low advanced turn on 
angle, the current does not build up enough before the 
exciting mode to produce the required output voltage 
due to the generator back emf effect. The amount of the 
advance at the different speeds to produce the needed 
output voltage cannot be a fixed value. Therefore, a 
means of producing variable advancements in the 
commutation angle for the different speeds is required.  
There are three 30ο pulses produced by the generator 
shaft position sensors in every 90ο of shaft rotation. 
These pulses are fed into a pulse-shaping unit in order 
to get 3  pulses series of 30ο width per 90ο revolution as 
shown in Fig. 14(a), and 14(b). 
 

 
 

Fig. 14. a) The output of the pulse shaping unit 
b) The generator pulses of phase A 

 
 
 

The frequency of this pulse train is increased to 30 
times higher by employing a P.L.L. module. The P.L.L. 
module comprises of a CMOS 4046 and a 40102 
counter integrated circuits. The P.L.L. output produces 
a pulse train with one-degree resolution in comparison 
with the original 30ο generator pulses. In the other 
word, there are thirty pulses embedded in every 30o of 
the generator position sensor as shown in Fig. 15. 
 

 
 

Fig.15a) The generator pulses of the phase A.   
              b) The output of the P.L.L. module. 

 
Fig. 15(a) shows the output of the P.L.L. module which 
covers the all three signals from the position sensors, 
while fig. 12(b) depicts only the phase A sensor output 
pulse. This pulse train and the pulse shaping unit output 
signal are fed into the counter module. The amount of 
the phase turn on the advancement variation is set by an 
8051 Intel microcontroller, which measures the 
generator output voltage. A predefined look-up table 
for the output voltage/advancement angle will generate 
the proper advancement angle. This table is used in this 
paper because the assumption of the high speed was 
made at the beginning. It is possible to expand this 
table to include the generator speed, the output voltage 
and the amount of the advancement angle as well. In 
this way, if the generator is running at slow speeds only 
the pulse width modulation for the field current should 
act and set the output voltage. If the generator speed 
goes higher than some preset values such that it would 
not be able to produce the desired output power then 
PWM is kept constant at 100% and advancing of the 
turn on angle begins. The user can define this table in 
any desired way. The program flowchart for the 
microcontroller is shown in Fig. 16. 
 
 

 
 
 
 

(a) 

(b) 

(a) 

(b)
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Fig.16Theprogram flowchart of the microcontroller 
 
The counter module output pulses are separated into 
three independent advanced generator pulse trains by a 
demultiplexer. Figs 17(a), 17(b), 18(a), 18(b) and 19(a), 
and 19(b) show the original pulse trains from the 
generator shaft sensors after 0o , 5o and 15o degrees 
firing angle adjustments for phase A, respectively. It is 
worth mentioning that the original pulses from the 
generator position sensors are set at 15ο advance (i.e. 
θ=-300.)as the base of the microcontroller calculations.  
A As the generator speed increases, a time delay will 
be produced by the microcontroller with respect to the 
position sensors output pulses. In the other words, the 
produced pulses are advanced with reference to the 
start of the machine’s exciting and generating periods. 
 

 
 

Fig. 17. a) The original generator pulses 
b) The pulses after 0o advancing 

 
 
 

 
 

Fig. 18. a) The original generator pulses 
b) The pulses after 5o advancing 

 

 
 

Fig.19. a) The original generator pulses 
b) The pulses after 15o advancing 

 
As shown in Figs. 17 through 19 the pulses going into 
the generator drive circuit are delayed compared to the 
position sensors pulses which in turn are translate to 
producing pulses which are advanced in the reference 
frame of the machine’s generating mode. 
 In order to see the effect of the change in turn onangle 
experimentally for the motoring mode, the following 
two tests have been performed.  
Test 1:Setting the turn on angle first at 5 and then at 14 
degrees fixed in advance meaning, the electronic 
governor is locked so there will be any changes in these 
angles, then the torque, speed, and current are 
measured and plotted. Figs. 20 and 21 show the plots of 
the speed versus the torque and the torque versus the 
current, respectively. 
 

(a) 

(b) 



Majlesi Jo
 

 

As seen in
been obta
21 shows 
for the cu
power. 
Test 2: 
advancem
settings fo
the turn o
degrees, re
Fig. 22 sh
motor un
different s

Fig. 22. 

ournal of Elec

Fig. 20. 

Fig. 21. The 

n Fig. 20, the 
ined for the14
that the larger

urrent less tha

The governo
ment of the fi
or the governo
n angles are a
espectively un
hows the spee
nder the sam
settings of the 

Thespeed torq
under differe

ctrical Engine

Speed vs. torq
 

torque vs the 
 

higher speed 
4 Deg. advanc
r torque has b

an 1.1 A, but 

r is used fo
iring time wi
or such that, th
adjusted for 0-
nder the same 
ed-torque cha

me loading c
governor. 

 

que characteris
ent governor s

 
 

eering            

que 

current 

-torque curve
cement while 
een achieved 
the higher ou

or the autom
th three diffe

he advancemen
-6, 0-10, and 0
loading condit

aracteristics of
condition for 

stics of the mo
ettings 

                      

 

 

e has 
Fig. 
only 

utput 

matic 
erent 
nt of 
0-14 
tion. 
f the 

the 

 
otor 

As
po
fin
the
sin
cu
tor
Fig
mo
22

Fi

 
Th
hig
to 
tha
in 
pro
sm
reg
 
6. 
An
6 b
ph
the
the
ex
ad
vo
pro
usi
in
va
dra
esp
of 
an
be
is 
ass
ge
 
 
 

                      

s shown in Fi
oint at full loa
nal setting com
e high speed, 
nce the advanc
urve for the 0-
rque value for 
g. 23 shows t
otor with the s

2. 

ig. 23. The tor
under t

he motor curre
ghest value fo
the same poi

at the curve fi
Figs. 22 and

oduction in th
maller on time 
gion. 

 CONCLUSI
n electronic cir
by 4 SRG as 

hase commuta
erefore the cu
e proper lev
citation mode

dvancing whic
oltage is obtain
ogrammed int
ing this circuit
keeping the 

ariable high sp
awbacks of 
pecially at hig

f the current w
nd the results 

tween the curr
within 15%

sumptions ma
nerator for dev

             Vol. 7

ig.15, the cur
ad since the g
mpletely at 10

the curves h
cing angle for 
14 degrees va
the same spee
he torque-curr
same condition

rque current ch
the different g

ent under 0-14
or the same tor
int at full load
itting has been
d 23. The reas
he large variati

current period

ION 
rcuit has been
well as SRM

tion to begin 
urrent has suffi
vel before it
. The amount 
ch is related 
ned from a de
to the microco
t show a great 
output voltag

peeds. This tec
the switched

gh variable sp
aveforms foun
obtained num

rent values fou
% and this v

ade in the m
veloping the c

7, No. 4, Dece

rves have con
governor has 
00 rpm. At lig

have been sepa
each one is di

ariation shows
ed.   
rent characteri
ns mentioned 

haracteristics o
governor settin

4 angle variat
rque and all c
d. It is worth 
n used in plott
son for the lo
ion angle is du
d in the torqu

n built and emp
M. This circuit

sooner and 
ficient time to 
t reaches the
of the phase c
to the gener

esired voltage
ontroller. The 
improvement

ge at the desir
chnique solves
d reluctance 

peed.  The gen
nd experiment
merically. The
und by these tw
variation is d
magnetic circ
urrent equatio

ember 2013 

45 

nverged to a 
reached its 

ght loads in 
arated apart 
ifferent. The 
s the highest 

istics of the 
for the Fig. 

 
of the motor 
ngs 

tion has the 
curves reach 

mentioning 
ting the data 
ower torque 
ue to having 
e producing 

ployed for a 
t causes the 
end sooner, 
build up to 

e generator 
ommutation 
rator output 
e/angle table 
 test results 

t and control 
red level at 
s one of the 

generators 
neral shapes 
tally support 
e difference 
wo methods 
due to the 
cuit of the 

on. 



Majlesi Journal of Electrical Engineering                                                                      Vol. 7, No. 4, December 2013 
 

46 
 

REFERENCES 
[1] D. Susitra, E. Annie, and E. Jebaseeli, “Switched 

Reluctance Generator-Modeling, Design, 
Simulation, Analysis and Control A 
Comprehensive Review”, International Journal of 
Computer Applications, Vol. 1, No. 2, 2010, pp. 10-
16. 

[2] A. Takahashi, H. Goto, K. Nakamura, T. Watanabe, 
and O. Ichinokura, “Characteristics of 8/6 Switched 
Reluctance Generator Excited by Suppression 
Resistor Converter”, IEEE Transactions on 
Magnetics, Vol. 42, No. 10, Oct., 2006. 

[3] A. David Torrey, “Switched Reluctance Generators 
and Their Control”, IEEE Transactions on Industrial 
Electronics, Vol. 49, No. 1, Feb. 2002, pp. 556-565. 

[4] A. Takahashi, H. Goto, K. Nakamura, T. Watanabe, 
and O. Ichinokura, “Characteristics of 8/6 SR 
Generator with a Suppression Resistor Converter”, 
IEEE International Conference On Power Electronics 
and Motion Control, EPE-PEMC 2006, Portoroz 
Slovenia, pp. 1037-1041, Sep. 2006. 

[5] N. Radimov; N. Ben-Hai; R. Rabinovici, “Switched 
Reluctance Machines as Three-Phase AC 
Autonomous Generator”, IEEE Transactions on 
Magnetics, Vol. 42, Issue 11, pp. 3760 -3764, October 
2006. 

[6] D. McSwiggan, L. Xu, and T. Littler, “Modelling and 
Control Of A Vriable-Speed Switched Reluctance 
Generator Based Wind Turbine”, UPEC 2007, pp. 
459-463. 

[7] L. Hoang; M. Chakir, “Optimizing The Performance 
of a Switched Reluctance Generator By 
Simulation”, IEEE International Conference on 
Electrical Machines, ICEM 2010, Suntec Singapore, 
September 2010. 

[8] R. C´ardenas, R. Pe˜na, M. Pe´rez, J. Clare, G. Asher 

and P. Wheeler, “Control of a Switched Reluctance 
Generator for Variable-Speed Wind Energy 
Applications”, IEEE Transactionson Energy 
Conversion, Vol. 20, No. 4, pp. 781-791, December 
2005. 

[9] B. Fahimi, A. R. B. Emadi, and Jr. Sepe, “A switched 
reluctance machine based starter/alternator for 
more electric cars”, Energy Conversion, IEEE 
Transactions on , Vol. 19 , No. 1, pp. 116-124, March 
2004. 

[10] E. Richter, C. Ferreira, “Performance evaluation of a 
250 kW switched reluctance starter generator,” 
Conf. Rec. 1995 IEEE IndustryApp., Vol. 1, pp. 434–
440, 1995. 

[11] P. Asadi, M. Ehsani, and B. Fahimi, “Design and 
Control Characterization of Switched Reluctance 
Generator for Maximum Output Power”, IEEE 
Annual Conference on Applied Power Electronics, 
2006, APEC ’06, Texas, March 2006. 

[12] S. Dixon, B. Fahimi, “Enhancement of output 
electric power in switched reluctance generators”, 
Electric Machines and Drives Conference, 2003, 
IEMDC'03. IEEE International 1-4, Vol. 2. pp. 849-
856, June 2003. 

[13] D. A. Torrey, “Switched reluctance generators and 
their control,” IEEE Trans. Ind. Electron, Vol. 49, 
No. 1, pp. 3-14, Feb. 2002. 

[14] E. Afjei and M. R. Sahebi, “Automatic Phase 
Advancing in Switched reluctance Motor by 
Employing  An Electronic Governor For A Desired 
Speed Angle Profile”, International Journal of 
Engineering, Vol. 17, Transactions A: Basics, pp. 11-
18, February 2004. 

[15] Magnet CAD Package: User Manual, Infolytica 
Corporation Ltd., Montreal, Canada, 2006. 

 


