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1. INTRODUCTION

Due to non-linear nature of the converter operasiod non-linear nature of the drive load, analysis
and controller design of the PWM converter is aading. The PWM rectifier permits power flow frorn a
to dc link, in case the load is drawing power dnoin dc link to ac source, in case the load is getirey
power. For the four-quadrant drive control the PWédtifier is used as front-end converter. During thive
operation, the dc link capacitor voltage is kepistant and ripples free. The three-phase inpuentsrare
maintained sinusoidal and in phase with the suppltages [1, 2, 9, 12].

The PWM rectifier controls the harmonics injectada the supply system and ensures unity power
factor operation. The source inductors provide wgrdransfer link between two three-phase ac sysieam
(i) three-phase ac supply and (ii) three phasegenerative/back emfs of the PWM rectifier [3, 6, 8

GA is very different from most of the traditiongbtomization method. It needs design space to be
converted in to genetic space. So, genetic algostiwork with a coding of variables. The advantafe o
working with a coding of variable space is thatliog discretizes the search space even thoughuttaidn
may continuous. A most important difference betweenetic algorithms and most of the traditional
optimization methods is that GA uses a populatibrpa@ints at one time in contrast to the single poin
approach by a traditional optimization methodspdréon rules are used they are deterministic itunmgabut
GA uses randomized operators. Random operator®iraghe search space in an adaptive manner [5, 13]

Each chromosomes of the population are decodelf@nd K. PWM model including hysteresis
current controller, is simulated on MATLAB, with &avalue of chromosome fkand K). There is one
fitness value corresponding to each chromosomdéénpbpulation. Each fitness value is divided by the
summed up fitness value to obtain fitness ratio)(E&responding to each chromosome. Scaled fithess
values are summed up. Each scaled fitness valdigided by the summed up scaled fitness value tainb
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scaled fithess ratio (SFR) corresponding to eaatormbsome. A cumulative SFR is assigned to each
chromosome by cumulative addition of the correspan&FRs. The cumulative SFRs lie between 0 and 1.
The process of reproduction, crossover and mutasorepeated for many generations till an optimum
solution is reached [4, 13]

2. PROPOSED PWM CONVERTER MODEL AND CONTROLLER SCHEMES

The schematic diagram of proposed high power fatte@e-phase PWM boost converter is shown
in figure 1. The PWM converter permits power florerh ac to dc link in motoring operation and from dc
link to ac source during generating operation moflthe dc motor. During the drive operation thelid&
capacitor voltage is kept constant and ripples. fildw three-phase input currents are maintainegassidal
and in phase with supply voltages. The convertetrots the harmonics injected to the supply system
ensures unity power factor operation. The sourdadtors provide a power transfer link between tinee-
phase ac systems i.e., (i) three-phase ac supplyidrnhree phase ac regenerative/back emfs ofP¥&M
converter. The converter is operated with outedilkc voltage control loop and inner hysteresis entr
control loop actions. The dc link voltage is senard it is subtracted from the reference voltadge dc link
capacitor filters out the ripples present in thelidk voltage. Larger ripples present in the dd&lzurrent
drawn by the drive inverter, produces larger dk linltage ripples; hence, appropriately large valfithe dc
link capacitor is chosen to minimize the ripplebeTeference voltage is kept equal the line voltagjeg of
the PMDC motor. Actual voltage is subtracted frdma teference voltage and error is send to Pl cletro
The output of the PI controller is peak value dérence current. To avoid the reference currentlitunde
more than the current rating of the converter,naitér is applied. The limiter limits the peak valoé
reference currents between a maximum and minimawadees [10, 11, 14, 16].
Hysteresis current controllers are used to contrelPWM converter three-phase input currents. Téskp
amplitude of the reference current is multipliedhathree unit vectors. The three unit vectors ameegated
using three-phase supply voltages obtained froncdinemon coupling point. The three-phase supplyagat
templates are divided by their peak amplitudesliieguin U, U, and U three unit vectors in phase with
phase ‘a’, phase ‘b’ and phase ‘c’, voltages rethpelg. These unit vectors are multiplied with peaiue of
the reference current (obtained from the voltag&roter) to give out three phase reference custeRhase
‘a’ and phase ‘b’ currents are sensed and phaseuitent is produced as negative sum of the twseha
sensed currents. Actual currents are subtracted fhe respective phase reference currents renddring
three current errors. Using the three current enfgjerr , I’kbJarr andlkcferr the hysteresis current controllers
generate switching pulses for upper and lower IGBfTghase ‘a’, phase ‘b’ and phase ‘c’ legs redpelt.
With voltage and current controllers, the dc lirdttage is maintained constant and input three pbasent
is made sinusoidal and in phase with respectivplgyghase voltages[5,9,10].
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Figure 1. Control scheme of PWM converter.
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3. OPTIMIZATION OF PI GAINS USING GENETIC ALGORITHMS

GA works on natural evolution process. The evolutgyocess is operated on chromosomes. The
decoded
structures uses of the chromosome are responsiblihd performance and natural selection is linketth
the performance. In natural selection, the chram@s having structure which provide desirable
performance are reproduced more often than thoat hhving undesirable performance. This natural
evolution process is appropriately incorporatedamputer algorithms to solve difficult search pehb.The
aim of the GA is to solve the problem of maximirati(or minimization) to be stated in the form of an
objective function.

3.1. Generation of Initial Population

The population size is the number of chromosomeébkdrpopulation. Random bits are generated 21
times (equal to the length of chromosome) and dwemsosome (string) is formed. The chromosome is
decoded for Kand K and tested whether it is within the @K ;O region of Figure 3 or not. If Kand K
are within the Ok 40 region the chromosome is accepted otherwisetegjedotal numbers of acceptable
chromosomes generated are equal to the populaizen Bor population size is 20 and the randomly
generated chromosomes for initial or first popuolatare shown in Figure 4.

3.2. Objective Function and Fitness Value

Each chromosomes of the population are decodelf@nd K. PWM model including hysteresis
current controller is simulated on MATLAB, with dagalue of chromosome @éand K). The performance
of controller gains is judged by value of ITAE @agral Time Absolute Error). The performance indEAE
is chosen as objective function. Fitness funct®defined as 1/ (IATE+1). If more than 5% overshoaturs
in starting voltage response a 75% of the penaliynposed to the fitness value. There is one fitnedue
corresponding to each chromosome in the population.

3.3. Reproduction (Using Roulette Wheel Selectionriferia)

Each fitness value is divided by the summed upe§itnvalue to obtain fitness ratio (FR)
corresponding to each chromosome. The fitness salogesponding to each chromosome in the popuolatio
are scaled as (FR-min.FR)/(max. FR — min. FR). #hmin.FR and max.FR are minimum and maximum
values of fitness ratios obtained from the fitneasksies of the chromosomes in the population. Scitleess
values are summed up. Each scaled fitness valdigideed by the summed up scaled fitness value taiob
scaled fithess ratio (SFR) corresponding to eaatormbsome. A cumulative SFR is assigned to each
chromosome by cumulative addition of the correspan&FRs. The cumulative SFRs lie between 0 and 1.
Random numbers between 0 and 1 are generated ROlgfion size) times. If the magnitude of generated
random number is equal or immediate below to cutivdaSFR of a chromosome in the population, the
chromosome is copied to new population. Total &@&# (equal to population size) chromosomes are=dopi
The probability of generating a random number igoum throughout between 0 and 1, hence, probglolit
selection of more number of copies is high fortheomosome having high fitness value.

3.4. Crossover and Mutation
Crossover probability is chosen 70%. Out of 20 ofosomes, first 7 chromosomes are randomly
chosen in one group and out of remaining 13 chromes, another 7 chromosomes are randomly chosen in
other group, the third group stores remaining Guriosomes. A random number is generated from 1 to
21(length of bits in chromosome), this number leetaas crossover site. First chromosomes of firstiy
and second group are picked up and bits of theimrmbsomes beyond the crossover site are exchanged.
Another random crossover site is generated andndeclhromosomes of first group and second group are
picked up and bits of their chromosomes after tioessover site are exchanged. Similar process sated
for all the 7 chromosomes of the first and secormlgs are crossover. A new population is obtaimgd b
combining the 14 chromosomes of crossover groumb Grthromosomes of the third group. Mutation
probability is chosen 0.5%. In the new populatiotak 0.5% string elements are altered randomly.
Chromosomes of the new population are decoded d@anid K, and any chromosomes found lying
outside of the region OkK ;O of Figure 4 are replaced by a randomly generatad chromosome lying
inside the region OKK ;0. Now, the process of reproduction, crossoverraanthtion is repeated for many
generations till an optimum solution is reached.e Tpopulation size, crossover probability, mutation
probability and number of generations can be vdidedepeated search to optimise the solution.
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3.5. Optimum Gains using GA

The GAs is run for off line optimisation of the dosiler gains for the population size=20, crossover
probability=70%, mutation probability=0.5% till 2fenerations. The fitness values férahd 28 generation
are shown in figure 7 and chromosomes fSrahd 2%' generation are plotted in figure 5 shows the best
values of chromosomes after"2feneration. The best pair of controller gain aiedias K=0.6021 and
K,=0.1056.

4. CONTROLLER DESIGN FOR THE PWM CONVERTER

The control strategy of PWM Converter regulatesutnpurrent and output dc link voltage. The
control analysis of the converter can be simplifigdmaking minor (inner) current loop independehthe
outer voltage loop. The only way to delink the inoarrent loop with outer loop is to make the inteap
much faster than the outer loop. The inner curi@p can be made faster by keeping high ratio efdtbus
voltage to the value of the phase voltage and/aebycing the value of source inductor and/or byrisuing
the gain parameters of the current loop controlldre current control scheme opted is hysteresieentr
controller as shown in Fig 1, which makes the irlmé currents in phase with their respective wytifihase
voltages. At steady-state operation of the convetite switching pattern generated by the currentroller
is fixed for one cycle of the utility supply frecquey. Hence, the average voltage generated due td RAMp
switching is also a sinusoidal EMF [15].
The hysteresis current controller is in inner lcad it operates in stationary reference frame.Tjexe
vector current equation is represented as

E.=RI+LIs+E (1)

Input line currents, supply phase voltages and negdive emfs are represented by space vector gUsin
Park’s Transformation) as below

2(. 2" 2T
IZE i,el®+ie 3 +ie ? [;

2 - 2" 2T
E, =3 e,e’+e,e 3 +e,e ? |and

2 : 2" 2T
E, = 3 e,e’+e,e 3 +e,e 3 |
Power balance concept is applied for design ofrowdltage control loop. The power balance equatibtihe

PWM Converter is
2
d(lcvczj + VL = § Es|‘|2R‘d(1|—|2j 2
dt2 R 2 dil2

The overall aim of the controller is to control igine current and output dc link voltage. Heraesteady-
state operating point of dc link voltage.fV/and input current {), the equation (2) can be written as

2
Veo 3_[ES|O_|§R:| 3)
R, 2
Choosing smaller value of the line current fromagopn (3), the line current space vectqgj {4,
=L B [5)_ 8ve, )
° 2|R R) 3RR,

Imposing small disturbance around the operatingtpog., replacing the dc link voltage with {¥AV.) and
line current with (J+Al), the dynamic equation of the system represehte@quation (2) is obtained and
neglecting square terms AY/ . andAl and simplifying it, we get

%:[SRL(ES -2R |D)) {[(ZIIF;I—ES)] st 1} (5)

O Ry

The above dynamic equation of the voltage trarfsfection can be written as

s (0)=A e ©)
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WhereA/ = 3R (Es -2R 1,) . T =L and T, = RC
VAV v (21,R -Eg) Y

Figure 2 shows a hybrid control system for impletimenthe control of the PWM converter. The
voltage controller processes the voltage errorcamtent command is generated.

T

Gc (2) P Limiter QQ__, G, (s) (G, (s) v,

\4

;
K_
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Figure 2. Closed loop control system of dc linktagke controller

The limiter is replaced with Describing Functiondrder to linearize the saturation non-linearity. |
is observed that the describing function of theirsdion non-linearity is only amplitude dependé#énce, it
is frequency invariant having zero phase shift. §tability analysis purpose the limiter block isitied. The
block G(s) is transfer function of Zero Order Hold. ligiven as

(L-e)
G (s)=- (7)
Controller gain function is given as
Gu(z2)= Kev (271) K2 (8)

(z-1)
Closed loop transfer function of the overall votagntrol system is,
6.(2)= Y@ __Gc(2)8,Gy(2) _N,(2) ©
" Vi(2) 1+G(2)6,G,(2) D,(2)
The z-transform of numerator of equation (9) istten as
Ny (z)= A T, (z-1)+T,(1-a) | | (z1)K,, +K,Z (10)
T, (z-a) (z-1)

T
Where, O e |
The characteristic equation of the system is
D,(z)=1+N,(z)=0 (11)
Substituting equation (11) into equations (9) afteraimplification; the closed loop transfer fuioct is
written as
N,z? +N,z +N,
(T, +N )% +{N, -T, @+ alz+ (N, +aT,)
Where, N, =AT, (KPV + K|v) N =AT, (1 _a)(KPV +Ky ) AT, (ZKPV + K|v) and
Ny =AKp Ty —AK T, (1-0a);
From equation (12), the characteristic equation is

(Tv +N2)22 +{N1 _Tv(1+a)}2+(N0 +aTv):O (13)

For stability analysis of the system, Bilinear smmation i.e., z= (1+r)/(1-r) =% is applied with
equation (13). According to Bilinear transformation unit circle in the z-plane, varyingy anticlockwise
from -zt through O to #, o, varies from e through Oto ¢ inr-plane, where rgj, . The left half r-
plane maps the interior of the unit circle in thplane. Substituting z=(1+r)/(1- r) in the chagaitic
equation (13), we get,

G,(z)= (12)

[(T +N,)-{N, -T (1+a)}+(No+aTv):| r? +2{(T, +N,) = (N, +aT,)} r +

{(T +N,)+(N, - T, (1+a))+(N0+aTV)}:O (14)
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The roots of second order characteristic equatierabwvays in the left half of r-plane if all coefiénts are
positive. Hence, three conditions are deduced spomding to each coefficient of the characteristjoation
to be greater than zero.

Condition — I:
[T, +N,)-{N, -T, @ +a}+ (N, +aT, )] >0
Substituting values of NN;, No, and simplifying, we get
[2va {2AT,, -AT, (1-a) +K {2AT, AT, (1-a)} +2T, (1 +a)] >0 -

The term{T, (1L +a)} >0 for converter operation, dividing by positive qtign 2T, (l + 0’) on both sides
of the equation (15) and solving, we have

KPl KIl (16)

Where,i =T, @+a) and K;=2Kp,.

AT @-0a)-2AT,}

Condition — II:
{fr, +N,)-(N, +aT, )} >0

Substituting values of NN; and simplifying, we get

[KpV{A\/Tv (1_a)} +Ky (A\/Tnv)+Tv (1—0):|>0 (17)
Since, T, (1— O() is always positive for the converter, hence, divgcby T, (1— 0() on both sides of
inequality (17), we get

KP2 KI2
Where,K ,, = (ﬂj and K, = E_Tv(l_a)J
A ATn

Condition —III:

{r +N,)+ (N -T, @+ a))+ (N, +aT, ) >0
Substituting values of NN; & Ng, and simplifying, we have

AT, ML-a)K, >0 (19)
Placing values of A T, anda , we write
2 T
38'?;0 Ky (Eq —2I0R)[l—eTv ]>o (20)

Polarity of \;, and gain K, are always kept positive. Hence, to satisfy tlability condition, the two terms
in braces are required to be either positive oh lmatgative. The first term in braces(i&-21,R)>0 for the
converter. The second term in brace$]jse('T’T"))>O when R is positive i.e., for converter operation.
Hence, the inequality represented by equationi€8lways satisfied foK,>0.

The parameters of the PWM converter are chosel @s590 Volts, E=230 Volts, L=4.90 mH,
R=2.5Q, R =50Q, C=5050uF and sampling period T=0.4 ms. The steady-stateicu(l,) is obtained from
equation (4), for the given parameters. The caledlaalue of J is 11.54 amp for the converter. If sampling
period T is increased, the stability region shrirfkgure 3 shows stability regions for samplingipgs 0.4m
sec, 0.8m sec, 2m sec and 10m sec a$,OPORI,0, ORiI;:0, and ORI ,O respectively.

Equation (12) is simplified and written as

N TANNGea)[ en)
G"(Z)_TV+|\|2 (T, +N,)? [(2+Dlz)(z+Dzz)} &)
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Where,l\IZ =N, _Nza)/{Nl e (1+a)} ’Dlz :_{_bzu (ZJZ _CZ]’ D :_[_bz— (&JZ -c J

’bz :{Nl _Tv(1+a)}/(Tv +N2) and Cz :(NO +aTv)/(Tv +N2)'
Impulse response of equation (21) is obtained as,

GO(kT)val-\:ZN 5(k)+ T{N(T++NN(1):-G)} o
D RN e T LI (o LS

Also, unit-step response of the voltage controteaysrepresented by equation (21) is obtained as

_ N, TV{N1+N2(1+‘7)}
G (KT) = U (k) * TN (23)
(N, +1) (N, -D,) oy (N,-Dy,) R
e O T O e geey )
Values of Kk and Ky are chosen near to origin in stable range of @jras to make the system more
stable.

T=10mse(

Figure 3. Variation in stability region with sanmmdi period on kK, and Ky plane

5. RESULT AND ANALYSIS

The gains obtained by trial and error cannot béaph. To obtain near optimum value of the gains
in region ORCDO of the k\-K,, plane of figure 3; space search method, basedemet& Algorithms is
applied. Initially 300 chromosomes §KK,,] population is generated. The minimum values ahb¢., and
K,y are kept 0.0001 and the maximum values are resirio the shaded portion of figure 3. The unipste
response is observed and integral time absoluteg €éfTAE) is chosen as objective function. The digs
function is defined asFitness = (1-0.5 penalty)(100/(1+ITAE)). The value of penalty is chosen 1 if there
is an overshoot more than 2%, otherwise the valyeoalty is kept zero. A chromosome with higheluea
of scaled fitness has fair chance to survive aratlyce off springs in next generations. The prodess
produce next generation is via reproduction, cresisand mutation. 4(a) is initial population of 300
chromosomes and figure 4(b) is population of th@etosomes after 200 generations. After 200 gemarsti
majority of the chromosomes bear higher valuesitoe$s. The chromosomes shown in figure 4(b) are
concentrated at higher value of\Kand lower value of k. In figure 4(b) and (c) the chromosomes after 200
generations are plotted with their scaled fitnerd @ecoded values of respectiveyKand K. The
chromosome having highest scaled fithness decod&d\a®.6021 and K,=0.1056. The step response curves
with different controller gains K,=1.30 and K,=0.14, K:=1.1 and K,=0.12, K,,=0.6021 and I=0.1056,
Kpy=0.3023 and =0.0892 are shown in figure 5. The optimised gain#0.6021 and =0.1056 is most
suitable for the voltage controller.
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Figure 5.Unit step responses with different coterajains.

6. CONCLUSIONS

The closed loop control system is developed baseti@ converter model. An analysis has been caaigdo

find the stability region of the voltage controltam K- and K plane. The unit impulse and unit step responsedetived
for the closed loop voltage controller of the PWhheerter. The optimum Pl voltage controller gaimgpaeters are
obtained using the Genetic algorithms search methioel PWM converter system provides the desiregorese with the

optimized gains.
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