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Abstract: Problem statement: This study presents the design and simulationsaifaswitched boost
converter for a switched reluctance motor with @setl loop controller. A soft switching scheme is
proposed in the converter with minimum componentisich reduces the switching loss and stress
across the switch so that the harmonic generatioeduced in the output. The switch used in this
converter switched ON at zero current and switcBed at zero voltageApproach: Most of the
research was done on the power converter circui@@SRM to control the speed. But in the proposed
system a soft switched boost converter was desigmeggulate the input voltage to SRM for any line
variations and a power converter is used to cortmIspeed of SRM. The PI controller was used as
closed loop controllers, which improves the speentrol of the switched reluctance motor for any
load and regulates the input voltage to SRM for lmg variations. The duty cycle of the switch is
controlled by PI controller using PWM technique 5A80W/50KHz PWM based soft switched boost
converter was designed and simulated for 6/4 pglbade SRM with variable loads. The results were
simulated using MATLAB SIMULINK.Results: The output of the soft switched dc converter giaes
constant output voltage for any line variationsttsat the input voltage to SRM is constant. Theout
speed of the SRM is controlled using Pl contradled rotor currentConclusion: The soft switched dc
converter regulates the input supply and a powereder control the speed of Switched reluctance
motor simultaneously.

Key words: Soft switched boost converter, zero voltage switghizero current switching, switched
reluctance motor, power converter, pi controlleondlinearity, input voltage, power
density, stator poles, zero curreswjitched converter

INTRODUCTION increasing the switching frequency of converter to
upgrade stability and dynamic response speed. ©n th
Switched Reluctance Motor Drives (SRD) are nowother hand, the higher switching frequency may eaus
become popular compared to conventional ac or dthe higher switching losses, higher Electro-Magneti
motor drives due to their simple construction, Interference (EMI) and the lower overall efficiency
robustness, high efficiency and high power density. The use of soft-switching techniques in converter
However, in speed control this motor facing somecan contribute to reduce them. A great deal rekearc
problems due to its nonlinear characteristics. Theind developments on SRM soft-switching converter
function of flux linkage depending on phase curamd  have been reported. There are several converter
rotor position represents the key characteristichef methods available to regulate the power supply of
Switched Reluctance Motors (SRM) and it is difficidl = SRM. The converters have different topologies (heni
describe such a relationship due to the effects ofind Arumugam, 2011). These topologies are having
magnetic saturation and double saliency of thenumber of switches according to the design
construction. In order to improve its performanoene  (Maruthachalam and Palaniswamy, 2011). The SRM
advanced control strategies have been proposelasuc drives always have a phase winding in series with a
current or flux linkage profile control. To achietleese  switch. In case of a shoot through fault, the indnce
strategies the motor phase current or phase filkkadie  of the winding limits the rate of rise in curremtida
should be controlled precisely. All these requireprovides time to initiate protective relaying twlete
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the faults. The phases of the SRM are independeht a Then, this set of stator poles is excited to bthegrotor
in case of one winding failure, uninterrupted opiera  poles into alignment.

of the motor drive operation is possible. Many
researchers presented studies on speed contr&Mf S
using converters .In some studies soft switcheadas
converters used to control the speed for SRM (S#ng

Development of torque: The most general expression
for the torque produced by one phase at any rotor
position is Eqg. 1:

al., 2010). Some of the researchers presented nedro aTorque T = § W'/ 00] i = Constant (1)
fuzzy controller based converters (Kunwtral., 2006;
Li and Yue, 2009; Mianhua. 2009).Some differentSince W'= Co-energy = %2® =% N b (2)

converters were designed exclusively for SRM drives ) ) )

A new converter for Switched Reluctance Motor  This Eq. 2 shows that input electrical power goes

(SRM) drive is discussed in a study (Refsl., 2009), Partly to increase the stored magnetic Energy (21"

which uses one switch in each phase. and partly to provide mechanical output powe2 (k
The proposed converter is suitable for high spee?c;g%n; g))m fthi?] t:]aettst;tgfg??cuﬁssocIated with the

drive application which is mainly due to the fakiape Neglec’éing.g.saturation non-lineérity Eq. 3:

current commutation capability of this convertedan T

due to generation of negative torque consequently = |nductance = B/ | (3)
generation of large ripple torque in SRM drives are

resolved. A study described a soft switching cotever T =14 £ dL/dO (4)
(Guanxu,et al., 2009) for switched reluctance motor to

improve the performance of the drive. All these hods This Eq. 4 shows that the developed torque

have some disadvantages in the switching operatioimdependent of direction of current but only depead
without soft switching or speed control are notcige  magnitude of current and direction of d&/d
and they do not consider the load and line vanatio ) ] _

In this study we designed a soft switched boos{Generalized Equation of motor:
converter in the dc link of the 6/4 structure SRM t.V= fi +dW / dt )
regulate the input supply and a power converter is
designed to control the speed, for load changes ang =i =N¢ Forr = 0
supply disturbances using two closed loop PIV = Ldi/dt+ i (dL /cB) (@ /d)
controllers. In these converters with closed looptool
we achieve a constant speed and voltage for ard/ loa
and line variations.

(6)

Switched reluctance motor: The Switched Reluctance
Motor (SRM) drives for industrial applications aoé
recent origin. Key to an understanding of any maehi
is its torque expression, which is derived fronstfir
principles. The implications of machine operatiord a
its salient features are inferred from the torque
expression. The torque expression requires a _
relationship between machine flux linkages orFig. 1: SRM with 6/4 poles
inductance and the rotor position. The reluctanotom

is a type of synchronous machine. It has woundi fiel T e, [ Sofviched Poer

coils 2)/? a DC )r/‘notor for its stator windings and s = s §Em/
coils or magnets on its rotor. Figure 1 showsyimdal
structure of 6/4. It can be seen that the statdrrator
have salient poles; hence, the machine is a doubly
salient machine. The rotor is aligned whenever the
diametrically opposite stator poles are excited.aln
magnetic circuit, the rotating part prefers to caméhe Plcontroller
minimum reluctance position at the instance of
excitation. While two rotor poles are aligned te tivo
stator poles, another set of rotor poles is out ofig. 2: Block diagram of the proposed converterd an
alignment with respect to a different set of statoles. controllers for 6/4 poles 3 phase SRM
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D3 . V,
I1 - mrRA >t o |L2(t) ZL—lt (8)
. Dz _ 2
®n 5 — T Ver (1) =[V; =V (t]IL —coswt] +V () (9)
‘_3 ::Cl .
- | i (1) =V (tg) -] STt (10)
3
Where:
Fig. 3: Design and analysis of the proposed coavert
_ 1
V = L di/dt + i © (dL/db) RN Y
When b stopsconducting and this mode comes to

The EQ. 5-7 shows the input voltage to SRM
mainly depends on voltage drop in the inductance
and resistance. _—_ " _

The block diagram in Fig. 2 shows the proposedVI ode 2: The initial conditions on 4, L, and G are, i,
controller with two converters. The rectifier conigeac  (ty), i, (t,) +1 and Ve, respectively, attained at the end
to dc and dc fed to the soft switched DC-DC corerert
which regulates the voltage to the power convewvigr
the help of the closed loop PI controller. The shit
used in this converter switched ON at zero cursemt

an end.

of. Mode 1.The expressions are Eq. 11-13:

Ve, (t)= —Vcl (t,)[1—cosw,t]

switched OFF at zero voltage. The regulated ouftput i (t) (11)
any line variations from the converter is giventhe — * = SIN®,=V; (&)

power converter. The power converter has four !

switches and all are used to control the speedrof s ©)

The closed loop PI controller triggered the gatmals . ooV t) :

of these switches by the variable speed signalentak ', —wZ(L1+L3)Sln0)2t+IL3(t1)COSQ)2t (12)

from the motor. The rotor position is sensed byssen V(L)

less control method. According to the rotor positémd i (1) :Clilsmwztﬂ (t,)cosw, t+ 1, (13)
variable speed, PI controller sends triggering alidga v (L, +Ly) a

the gate. This closed loop controller maintains the

speed constant, which is set as reference. Thus thWhere:

controllers used in these converters regulate tipeti

supply and control the speed for any load and line 1

. . 032 =
variations. WL, +LJC,

Design and analys's of soft switched de-dc boost This mode comes to an end wheg, Yeaches zero
converter: The configuration diagram of the proposed atth

converter with soft switching scheme is shown ig.Fi '

3, the switch S1, L1, D3 and C2 are the main boos
converter components, while R represents the nesist _ _ ;
load on the converter. Inductor L2, L3, D1, D2 @od  this modei_ (), i, (t) are zero. The expression
form the auxiliary circuit for accomplishing thefso TOF ksis Ed. 14-16:

K/Iode 3: The initial conditions o'rlz, iL3 and Vc1 for

switching of S1. Inductors L2 and L3 are much semall | (1) =- Vel , t+1 () (14)

than L1 and C1 is much smaller than C2. There are " (Ll +Lf+L L) &

seven modes of operation. This mode comes to an end atwhen i reaches
zero at4,

Operational analysis of the proposed converter:
Mode 1: This mode begins with the turn on of S1, atMode 4: In this mode current buildup in L1 and L2 and
zero current at,0The expressions are Eq. 8-10: Vout (t) are governed by the Eq. as follows.
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VS
+L

L =i, () ==t (15)

1 2

1

V,, (1) =V, e” (16)

This mode comes to an end whegrissturned off at
zero voltage at 4

Mode 5: This mode begins with the turn off of &t
zero voltage a,fThe expressions are Eq. 17-20:

| .
Ve, (t) =V, (1 -cosw,t)+ mj: sinw, t an
1
L .
.= 0 +2L 3 [V.C,sinwt -1 (1-cosw,t)]+ I,
(18)
L2

(0=

-V.C,wsinwi+1.(1-cosw,t
3 (L2+L9[ 2~ 1YV 3t 2( 3)]

Mode 6: In this modei_ reduces to zero. This mode
comes to an end at when i becomes zero. The
expression foi, and Ve for these mode is.

- Vcl (ts) -V

i, Lo Zsinmlt+iL3(t5)cosw1t (29)
i (te)

v, ) =[Vv c1(t5) -V Jcos wt 1] —=——sinwt (20)
wC,

Mode 7. In this mode , i are zero. This mode

comes to an end a} when $ is turned on at zero
current. This is the normal mode of the boost caeve
The expressions are Eq. 21-22:

V(1) =e ™ [Asinw,t + Bsinw,t]+ V, (21)

V,,(t
L o;e()

-(AC, + BC,w,)sinw,t]

+e “[(-BC, + AC,w,t)cosw, t 22)

Where:
1 1
o= LW, =
2RG, LC,

- b _ vV, +G(V2_Vr)
w,C, Rw,C, W,

B=V2' VS
MATERIALSAND METHODS

Design of PI controller: A PI Controller (proportional-
integral controller) is a feedback controller which
drives the plant to be controlled with a weightechsof
the error (difference between the output and désies-
point) and the integral of that value. Pl controlle
mainly used to improve the performance of the syste
under disturbances. The dynamic performance oPthe
controller can be improved by giving feedback te th
converter to overcome the disturbances. A propoatio
integral controller employed with a feedback logmc
take the place of manual adjustment in DC-DC
converter and act much more quickly than is possibl
Consider the DC-DC converter as “a process,” The DC
DC converter includes the converter itself, plus BC
power supply. To automate the control process, the
“feedback loop” is closed, producing an error sidmaor
—). The PI controller acts upon the error with para
proportional and integral responses in an attemgtite
the error to zero. Whea V out equals V set, then the
error is zero. It can be used with the op-amp
implementation of the controller. A proportionategral
controller (i.e., PI) employed with a feedback lomgn
take the place of manual adjustment in DC-DC cdever
and act much more quickly than is possible “by Hand
Consider the DC-DC converter as “a process,”

The controller output is given by Eq. 22.1-22.3:

KA +K [ adt (22.1)

where, A is the error or deviation of actual measured
value (PV) from the Set-Point (SP).

A=SP-PV (22.2)
A PI controller can be modeled easily in software
such as Simulink using a "flow chart" box involving

Laplace operators:

_G(@1+Ts)
Ts

c (22.3)

Where:

G = Kp = proportional gain
G /1 =K, = integral gain
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Setting a value for G is often a tradeoff betweenDesign of power Converter: Figure 4 show the

decreasing overshoot and increasing settling time. unipolar converter with two switches per phase Wwinic
a power converter for srm. The regulated outputnfro

Design of Pl controller for a boost converter: Pl the soft switched converter is fed to the power
control is a traditional linear control method used converter. The gate signals to the switches contiw
industrial applications. The linear Pl controller speed of srm, getting the PWM signal from the PI
controllers are usually designed for dc-dc converte controller.
using standard frequency response techniques and
based on the small signal model of the converter. A

Bode plot is used in the design to obtain the desir The proposed soft switched converter is designed
loop gain, crossover frequency and phase margie. Thand simulated using MATLAB/SIMULINK. Two Pl
stability of the system is guaranteed by an adequatcontrollers are designed and simulated to regulage
phase margin. However, linear PID and PI contrsller input voltage fed to srm and control the speedrof. s
can only be designed for one nominal operating tpoin The outputs are clearly shown that the soft swidche
A boost converter's small signal model changes wheigonverter with Pl controller regulates the inpupsiy
the operating point varies. The poles and a rigit-h (© %OOIY as c_ortls_tant and thte p;ower gog‘é%ger with Pl
: controller maintains a constant spee rom in a
plane zero, as well as the magnitude of the fregyen 3phase 6/4 poles SRM. The outputs are constaainipr
response, are all dependent on the duty cycle.

RN load and line variations.
Therefore, it is difficult for the PID controlleo Figure 5 shows the input three phase ac supply fed

respond W_eII to phanges in operating point. The P}j the rectifier.

controller is designed for the boost converter for  Figure 6 shows the regulated output voltage from

operation during a start up transient and steadie st the softswitched dc dc converter. The converter is

respectively. The load current of the proposed eaiev  controlled by a Pl controller. It is clearly sedrat the

is given to the PI controller. The time constanttod ~ Output voltage is constant for any line variations.

controller is designed according to the small signa! the speed control method of srm most of the rabnt

transfer function of the boost converter which igeg 'S done by current, which is called as current aifer.

below. Then the output of the PI controller chantes Thleg?];,;tsgroﬁvs ég;rogﬁacuxﬁﬁt’tm; hlr((:e?elrsefneceeﬂguﬂrre

pulse width of the square wave which changes th nd variable spged fro?n thg SRM

firing angle of the MOSFET switch, so the outputiod Fiqure 8 shows the constar.1t speed 3000rom is

converter is controlled for different load distunicas. g . pe P
The small signal model of the boost converter ismamtamed in the srm for any load variations.

designed based on the average state space averagit .,

techniques, the small signal transfer function bbast iV

converter is Eq. 22.4; 1

RESULTSAND DISCUSSION
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CONCLUSION

Thus a soft switching scheme is designed and
simulated for SRM to regulate the input voltagestm
and control the speed of srm with a feedback céatro
Two PI controllers are used as feedback control. We
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