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ABSTRACT

The operation of front-end power converters can cause many undesirable
effects in the Alternative Current (AC) power system. To prevent these
undesirable effects, high-quality rectifiers, also called Power Factor Correctors
(PFC) should be used. In this paper, power factor correction of switching mode
power supply (SMPS) by using Neuro-Fuzzy (NF) controller is proposed. Average
current control technique is used in PFC unit of the SMPS and current mode
control technique is used in buck converter unit of the SMPS. To make
comparison, the proposed SMPS is also controlled using traditional Proportional
and Integral (PI) controller. Performances of these two controllers are compared
through the computer simulation. Simulations show that NF controlled SMPS
offers faster dynamic response and achieves good power factor correction than PI
controlled SMPS.

Key Words: Power factor correction, Switching mode power supply, Neuro-fuzzy
controller.

SINIRSEL BULANIK DENE:l‘LEYiCi KULLANARAK BiR ANAHTARLAMALI GUC
KAYNAGINDA GUC FAKTORU DUZELTIMI

OZET

Cesitli cihazlarda kullanilan giic doniistiiriiciileri, alternatif akim (AA) giig
sistemlerinde bir ¢ok istenmeyen etkilere sebep olabilmektedir. Bu istenmeyen
etkileri dnlemek i¢in, Gii¢ Faktorii Diizelticiler(GFD) olarak adlandirilan yiiksek
kaliteli dogrultucular kullanilmalidir. Bu makalede, Sinirsel Bulamik Mantik
(SBM) denetleyicisi kullanilarak anahtarlamali gii¢ kaynaginin (AGK) gii¢ faktorii
diizeltmesi sunulmaktadir. AGK’ nin GFD biriminde ortalama akim denetim
teknigi, gerilim diigiiren doniistiiriicii biriminde akim mod denetim teknigi
kullanilmaktadir. Kiyaslama yapmak icin, nerilen AGK ayni zamanda geleneksel
oransal integral (PI) denetleyici kullanilarak da denetlenmektedir. Bu iki
denetleyicinin bagarimi bilgisayar benzetimleri ile kargilastirilmaktadir. Benzetim
calismalari, SBM denetleyicili AGK’ nin PI denetleyicili AGK’ ya gore daha hizli
dinamik cevaba sahip oldugu ve daha iyi bir gii¢ faktorii diizeltmesi yaptigim
gostermektedir.

Anahtar Kelimeler: Gii¢ faktori diizeltimi, Anahtarlamali gii¢ kaynagi, Sinirsel
bulanik denetleyici

1. GIiRiS

Cesitli cihazlarda kullanilan gii¢ doniistiiriiciileri,

1. INTRODUCTION

Front-end power converters can cause many

alternatif akim (AA) gii¢ sistemlerinde birgok istenmeyen
etkilere sebep olabilmektedir. En olumsuz etkiler; akim ve
gerilim {izerindeki bozulmalar ve dengesizlikler seklinde
verilebilir. Bu olaylarin tipik sonuglari motorlar ve
transformatorlerin sargilarinda asir1 1sinmalar,
kondansatorlerde elektromanyetik rezonanslar, diisiik giic
faktorii gibi istenmeyen durumlari ortaya cikarir. Tiim bu
etkiler elektrik ve elektronik cihazlarin yanlis ¢alismasina
ya da bozulmasina sebep olabilir. AGK devreleri modern
elektronik sistemlerin ¢ok Onemli bir simifin1 temsil
etmektedir. Temel bir AGK; diyot ya da faz denetimli

undesirable effects in the AC power system. Perhaps the
worst effects are related to current and voltage distortion
and unbalance. Typical consequences of these phenomena
are overheating of cables, motors, transformers, and
capacitors; electromagnetic resonances and interferences;
low power factor; etc. All these effects may lead to
malfunctioning or damaging of electric/electronic
equipment. SMPS circuits are very important class of
modern electronic systems. The basic SMPS unit consists
of a diode or phase controlled rectifier, a dc-to-dc
converter, an error amplifier and a power amplifier (1,2).
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dogrultucu, DA-DA doniistiiriicti, hata yiikselteci ve gii¢
yiikseltecinden olusur (1,2). Bu tipteki AGK’ lar hattan
darbeli bir akim ¢ektikleri icin AA hattina yiiksek dereceli
harmonikleri bindirirler. Bu sebepten bu tipteki AGK” ler;
diisiik giic faktorii, yiiksek akim harmonikleri ve yiiksek
darbeli akimlarmmn dogasinda bulunan problemleri de
beraberinde getirirler. Akim harmoniklerini ortadan
kaldirmak i¢in ilk olarak pasif filtreler kullanilmistir.
Bununla birlikte bu filtreler yiik akimi dalga seklindeki
rasgele degisimleri tam anlamiyla ¢dzemezler. Buna ek
olarak kaynak empedansinda da seri ya da paralel
rezonans etkisi olusturabilirler. Giiniimiizde, harmonikleri
azaltmak ve pasif filtrelerin sakincalarindan kagmmak
icin; aktif giic filtreleri (AGF), gii¢ faktor diizelticileri gibi
birka¢ metot, yaygin bir sekilde kullanilmaktadir (3-5).

Giig faktor diizeltme devreleri akim ve gerilim
bozulmalarini iyilestirmede 6nemli bir katkiya sahiptirler.
GFD’ leri kullanan gii¢ sistemleri, her bir cihaz1 direngsel
bir yiik gibi algilayacagi i¢in yiiksek gii¢ faktorii ve diisiik
iletim kayiplarina sahip olacaklardir. Son yillarda giig
faktoriinii diizeltmek igin birkac topoloji dnerilmistir. Bu
topolojiler arasinda sabit frekansli gerilim yiikselten
doniistiirlicii yaygin bir sekilde kullanilmaktadir. Genel
olarak bu topolojinin denetiminde akim ve gerilimi
denetlemek igin iki denetleyici kullanilmaktadir. Akim
denetleyicisi giris gerilimi ile bagintili referans akim ile
giris akimin1 kargilagtirir. Gerilim denetleyicisi, referans
akiminin genligini ayarlamak i¢in ¢ikig gerilimini arzu
edilen referans gerilimi seviyesine getirir (6,7). Yiikselten
tip devrenin siirekli iletim modunda g¢aligmasi igin tepe
akim denetimi, ortalama akim denetimi, histerisiz denetim
ve smir ¢izgisi denetimi gibi denetim teknikleri
kullanilmaktadir. Bu teknikler arasinda ortalama akim
denetim teknigi yaygm bir sekilde kullanilmakta olup
iistiinliikleri agagida verilmektedir:

e  sabit anahtarlama frekansina sahiptir.

e  kompanzasyon sinyaline ihtiya¢ duymaz.

e akim filtrelemek i¢in komiitasyon giiriiltiisiine
kars1 duyarsiz kalir.

e tepe akiminin denetlenmesinde iyi bir giris akim
dalga sekline sahip olmasi seklinde siralanabilir.

AGK’ nin giic faktori diizeltme ve doniistiiriicii
tinitelerinde kullanilan teknikler; tasarim kolayligi, devre
karmagikligin1 ve maliyeti azaltmak i¢in PI denetimli
standart tiimlesik devreler halinde iretilmektedir. Bu
devreler sistem davranisina uygun dogrusal devrelerden
olusmasma ragmen, basarimlart zamanla degisen
yiiklerden ve degisken kaynak gerilimlerinden etkilenir.
Bunun sonucunda sistemin kararlilik ve giivenilirligi
azalir. Bu sakincalardan kaginmak igin bulanik mantik
(BM)  denetleyicileri,  sinirsel  bulamik  mantik
denetleyicileri gibi farkli yaklagimlar ortaya atilmistir. Bu
tip yaklagimlar sisteme ait matematiksel modeli
gerektirmedigi icin dogrusal olmayan karakteristiklere
sahip sistemlere kolaylikla uygulanabilmektedir (8-10).

Bu makalede SBM denetleyicisi kullanilarak AGK’ nin
gii¢ faktor diizeltmesi sunulmaktadir. Boliim 2° de Bulanik
Sinirsel En iyileyici (BSE) kavramima temel bir bakis
yapilmaktadir. Bolim 3’ te 6nerilen AGK’ nin yapist ve
modeli, Bolim 4’ de  kullanilan denetim stratejisi

Because they draw pulsating ac line current, high order
harmonic components are composed of the utility line.
Therefore, they have the inherent drawbacks of low power
factor, high current harmonics and high pulsating current.
The passive filters are firstly used to overcome current
harmonics. However, these kinds of filters cannot solve
random variations in the load current waveform. They also
can produce series and parallel resonance with source
impedance. To reduce harmonics and to abstain from
disadvantages of passive filters, several methods are
widely used such as active power filters (APF), power
factor correctors (3-5).

Power Factor Correctors, constitute an important
improvement to reduce the current and voltage distortion.
The power system used in PFCs senses each apparatus as
a resistive load, thus maximizing the power factor and
minimizing the transmission losses. Several topologies
have been proposed in recent years for PFC. Among these
topologies, the boost converter with constant switching
frequency is the most popularly used topology. Generally
the control of the boost converter is made up of two loops:
current controller and voltage controller. The current
controller compares the input current with reference
current based on input voltage. This reference is often
made proportional to the input voltage. Voltage controller
regulates the output voltage to the desired reference
voltage to adjust magnitude of the reference current (6,7).
Several PFC control techniques have been presented for
the boost type circuit operating in continuous-conduction
mode (CCM): these are peak current control, average
current control, hysterisis control and borderline control.
Among these techniques, an average current control
technique is widely used due to the following advantages:

e  constant switching frequency

e 1o need of compensation ramp

e  control is less sensitive to commutation noises,
due to current filtering

e  better input current waveform for the peak
current control.

Techniques used in controlling the PFC and converter
unit of SMPS have been utilized as a PI controlled
standard integrated circuits for the purposes of ease of
design, reduced circuit complexity and cost savings. They
consist of linear average models that are good
approximation of local behavior of system. But their
performances generally effected in time-varying loads and
variable supply voltages, the stability and reliability of
system decrease in these conditions. To abstain from the
drawbacks, a different approach is put forward by the
fuzzy logic (FL) controller and NF controller. They does
not require mathematical model of a system nor complex
computation. Therefore, it is applicable to system with
nonlinear characteristics (8-10).

This paper presents power factor correction of SMPS
by using NF controller. In section 2, a brief review of the
concept of Fuzzy-Neuro Optimizer (FNO) is explained. In
Section 3, structure of proposed SMPS and its model are
given. In section 4, the control strategy is illustrated in
detail. In section 5, performances of NF and PI controllers
are compared with using computer simulation.
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verilmektedir. B6lim 5° te ise bilgisayar benzetimleri ile

SBM ve PI denetleyicilerin basarimlari
karsilastirilmaktadir.

2. BULANIK SINIRSEL EN IYILEYICI
SISTEMININ TEMELLER]

SBM sistemi, bulantk mantik denetleyicisinin

parametrelerini ( bulanik kiimeler ve bulanik kurallar)
yapay sinir ag1 kullanarak en iyileyen bir bulanik mantik
sistemidir. Cok sayida farkli yaklasim olmasmna ragmen
(11-14), BSE terimi daha c¢ok asagida verilen ozellikleri
yansitan sistemler i¢in kullanilir:

e  Bir BSE sistemi 3 katmanl ileri beslemeli bir
sinir ag1 olarak diisiiniilebilir. Tlk katman giris
degiskenlerini, orta katman bulanik kurallar1 ve
ticlincii katman ¢ikis degiskenlerini temsil eder.
Bulanik kiimeler (bulanik) baglanti agirliklar
olarak kodlanmustir.

e  Bir BSE sistemi, her zaman bir bulanik kurallar
sistemi olarak yorumlanabilir. Bu sistem ayni
zamanda bulanik kurallarin baslangi¢ bilgilerini
kullanarak egitim verilerinin sistem ¢iktisini
olusturabilir.

e BSE sisteminin &grenme prosediirii bulanik
sisteme dayali 6zellikleri dikkate alir. Bu iglem
sistem  parametrelerine uygulanabilir  olas1
degisimleri beraberinde getirir.

BM denetleyicisinin ayarlanacak parametreleri, iiyelik
fonksiyonlarinin simir degerleri ile kural tabaninin sonug
degerleridir (15,16). Parametrelere ait ayarlama islemi
asagida verilen {ic farkli ydntem kullanilarak
gerceklestirilebilir:

e  Kural tabani degerlerinin ayarlanmasi

e Upyelik fonksiyonlarmin énciil parametrelerinin
ayarlanmasi

e  Kural tabani ve iyelik fonksiyonlarinin onciil
parametrelerinin ayarlanmasi

BSE sistemler ¢ogu zaman ¢ok katmanli ileri beslemeli
yapay sinir aglari seklinde temsil edilirler. Bu yapi,
bulanik sinirler olarak adlandirilan digiimlerle bu
diigtimleri birbirine baglayan yo6nlii oklardan olusur. Sekil
1’ de Wang tarafindan gelistirilen BSE sistemin ag
yapisina ait bir 6rnek gosterilmektedir. Bu tip bir model {i¢
katmandan olusur: Ilk katman, her bir girisi gaussian tipi
iyelik  kiimelerini  kullanarak  olusturulmus  dilsel
degiskenleri igerir. ikinci katman, her bir kuraln (P")
atesleme derecesini hesaplar. Son katman ise durulastirma
metotlarindan  birini  kullanarak denetleyici  ¢ikisini
hesaplayan ¢ikarim islevini yerine getirir.

2. FUNDAMENTALS OF A FUZZY-NEURO
OPTIMIZER SYSTEM

A FNO system is a fuzzy logic system that uses a
learning algorithm derived from or inspired by neural
network theory to determine its parameters (fuzzy sets and
fuzzy rules) by processing data samples. Although there
are a lot of different approaches (11-14), we usually use
the term FNO system for approaches which display the
following properties:

e A FNO system can be viewed as a 3-layer feed
forward neural network. The first layer
represents input variables, the middle (hidden)
layer represents fuzzy rules and the third layer
represents output variables. Fuzzy sets are
encoded as (fuzzy) connection weights.

e A FNO system can be always (i.e.\ before,
during and after learning) interpreted as a system
of fuzzy rules. It is also possible to create the
system out of training data from scratch, as it is
possible to initialize it by prior knowledge in
form of fuzzy rules.

e  The learning procedure of a FNO system takes
the semantically properties of the underlying
fuzzy system into account. This results in
constraints on the possible modifications
applicable to the system parameters.

Optimized parameters of fuzzy logic controller are
premise parameters of membership function and values of
rule base. (15,16) Optimization operation can be realized
three different way given as follow;

e  Optimization of values of rule base

e  Optimization of premise parameters of
membership function

e  Optimization of values of rule base and premise
parameters of membership function

FNO systems are usually represented as multilayer feed
forward neural networks. This structure consists of nodes
represented fuzzy neurons and directional links through
which the nodes are connected. Figure 1 shows an
example of network structure of the FNO system. In this
type model, there are three stages. The first stage codifies
into linguistic variables by using the set of Gaussian
membership functions attributed to each input. The second
stage calculates to each rule (P*!) its respective activation
degree. The third stage performs function of the inference
which computes the output of controller by using
defuzzification methods.

423
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Figure 1. The network structure of a FNO system
Sekil 1. BSE sitemi ag yapisi

Ag icerisinde kullanilan fonksiyonlara ait parametreleri
ve baglanti agirliklarini ayarlamak igin kullanilan ¢ok
sayida teknik vardir. Bu tekniklerden dik inis metodunu
kullanan geriye yaymim smiflayicist en sik kullanilan
tekniktir. Bu teknikte egitim iglemlerine ait parametreler,
geri yaymim algoritmasini kullanarak egitilir. Arzu edilen
cikig vektorii ile hesaplanmis ¢ikis vektorii arasindaki fark
sifir olana kadar egitim islemi devam eder. Bu fark degeri
sifira ulastigi anda egitim tamamlamr. Algoritma w®
degerlerini hata fonksiyonu E’ yi kullanarak elde eder.

E= %.(du(x'(k)) - éu(k))z @)

Burada y'(k), x (k)=(x"1,x2..,xn), durum vektdriiniin

arzu edilen ¢ikis degerini ve Y(x’(k)) ayni vektoriin
hesaplanmis ¢ikis degerini gosterir. Hata, E’ nin ilgili
agirliklara gore tiirev alinarak en aza indirgenebilir.

(O] OE ?2)
w (k+]) =w, —«.
( ) k 5 )

Burada w" ikinci katmanda bulunan kuraln 1’ ninci
aguligini ve o Ogrenme parametresini gosterir. k ise
Ogrenme algoritma tarafindan yiiriirlige konan iterasyon
sayisin1 verir (17,18).

3. SISTEMIN YAPISI VE MODELI

Onerilen AGK sistemi Sekil 2’ de gosterilmektedir.
Sistem GFD katmami ve gerilim diisiiren doniistiiriicii
katmani olmak iizere iki katmani igerir. GFD katmani; Q-
Q, gii¢ anahtarlari, C;-C, hat kondansatorleri ve L; girig
bobininden olusmaktadir. Bu katman; bir taraftan yiiksek
giic faktorli siniisoidal giris akimi saglarken, diger
taraftan giris AA gerilimini DA gerilimine doniistiiren bir

yontemi
po

A\Ng

There are several techniques for optimizing parameters
in network. The back propagation is the most popular
technique trained by using gradient descent method.
According to this technique, in the training phase,
parameters are optimized using backward propagation
algorithm. Until among desired output vector and
computed output vector difference is zero, training
continues. Otherwise training finishes. The algorithm
changes the w” values to minimize an objective function
E usually expressed by the mean quadratic error.

E= %.(du(x' (k) - d.u(k))z 0]

where y (k), is desired output value of the condition vector
X (K)=(x"1,x2mnxn),» Y(X(K)), is computed output

value of the same condition vector x’(k). The error can be
minimized by the derivatives of E which respect to
weight.

) OE )
w(k+l) =w, —a.— @)
(e+1) k 8w([)

Where w“), is the 1-th weigh of rule at the 2-th- stage and
a, is the learning rate parameter. The symbol k indicates
the number of iterations executed by the learning
algorithm (17,18).

3. SYSTEM STRUCTURE AND MODEL

Proposed SMPS system is shown in Figure 2. It
includes two power stages that are a PFC stage and a buck
converter stage. The PFC stage consists of power switches
Q; and Q,, the dc bus capacitors C; and C,, and the input
inductor Li. This stage is an ac-to-dc converter, which
rectifies the input AC voltage and creates the dc bus
voltage while maintaining sinusoidal input current at a
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AA — DA donistiiriicliyii temsil eder. GFD katmani ayni
zamanda DA hat gerilimini giris AA gerilimindeki
degisimlere karsi diizeltir. Gerilim diisliren doniistliriicii
katmani; Q; giic anahtari1 C, kondansatérii ve Ly
bobininden olugur. Doniistiiriiciiniin islevi, 800 V’ luk DA
hat gerilimini 80 V’ luk yiik gerilimi seviyesine diismektir.

high input power factor. The PFC stage also regulates the
dc bus voltage against variation in input AC voltage. The
buck converter stage composed of power switch Q;,
capacitor Cb and inductor Lb. The function of the
converter is to step down 800V dc bus voltage to 80 V
load voltage.

} p1c1i= Va
}Dz C2=—V,,

Vi

D4 & co Ve

Figure 2. Power stage of proposed SMPS system
Sekil 2. Onerilen AGK sisteminin gii¢ katmani

Anahtarlama durumuna goére sistemin caligmast dort
mod halinde agiklanabilir. Mod 1° de Q;, Q; anahtarlari
iletimde, Q, anahtar1 kesimde ve D, diyodu ters
kutuplanmisgtir.  L; bobini {izerinde diisen gerilim
Vi=1;.R; =V, olup, giris bobin akimi I;
Vi —1i-Ri —Ver) egimi ile dogrusal bir sekilde degisir. Hat

L;
kondansatérii C, [; — [, akimu tarafindan sarj edilirken,
C, gerilim diigiiren doniistiiriicli akimi I, tarafindan desarj
Va+Vea —1pRy -
Ly
ile orantili bir sekilde artar. Gerilim diisiiren
doniistiiriictiniin filtre kondansatorii ise 1, —1; akimu ile

edilir. Bu akimin degeri Vev) egimi

sarj edilir. Bu moda ait model denklemler asagida
verilmektedir.

ol
Li.a—’ =V, —L,R;, -V, 3)
t
oV
c Sy @)
1 ot i b
ov.
c,. a"z =1, ®)
t
v,
C,. p =1, -1, (©)
ol
b
Lb.;:(Vcl +V) =1y .R, =V, @)

Mod 2’ de Q; anahtari ile D4 diyodu iletimde iken, Q,-
Q; anahtarlar1 kesimdedir. L; bobini {izerinde diisen
gerilim V, -V, —1;.R; olup, girig bobin akimi Ij

Wi=1i-Ri =Ve1) esimi ile dogrusal bir sekilde degisir.
L:

1

According to the switching state, system operation is
explained by four modes. At mode 1, while the power
switches Q;, Q; are turned on and power switch Q, is
turned off, diode Dy is reverse biased. The voltage across

inductor L; is V; —I;.R; =V, . The input inductor current

I; with slope of Vi—1i-Ri —Ve) s linearly changing. The
L

1

bus capacitor C, is charged by the current /; — I and C2

is discharged by the buck inductor current I,. This current

with the slope of Ver +Vea =Ip-Rp =Vep) g linearly
Ly

increasing. The buck filter capacitor is charged by the

current [, — I . The modeling equations of this mode are

given as follows;

al,
Li.a—’zVi ~I,R, -V, 3)
t
oV
c ey @
L o i b
v,
C,—2%=-1, )
or
ov
Cp—L=1,-1, 6)
ot
or
Lh.a—tb:(VC] +V)~1,.R, ~V, ™

At mode 2, while the power switch Q, is turned on and
Q,, Q; are turned off, diode D, is conduction. The voltage
across inductor L; isV; =V, —I;.R; . The input inductor

current Ii with slope of iz li R =Ver) g linearly
L.

1

changing. The bus capacitor C, is charged by the current

425
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Hat kondansatorii C, [; akimu tarafindan sarj edilirken, I,

akimi (Vb =1p-Rp) » i egimi ile orantili bir sekilde
Ly
diser.  Gerilim  diisliren  doniistiiriiciniin =~ filtre

kondansatorii ise I, —1; akimu ile desarj edilir. Bu moda
ait model denklemler asagida gosterilmektedir.

ol
Li'j:%_[iRi_Vcl ®)
it
o,
q.a“=g ©)
t
ov,
c,. a°2 =0 (10)
t
v,
C,. ;" =1, -1, (1
t
ar, o
Lb.;:—VCb—]b.Rb (12)

Mod 3’ de Q,-Q; anahtarlani iletimde, Q, anahtari
kesimde ve D, diyodu ters kutuplanmistir. L; bobini
tizerinde diisen gerilim V; -V, —1;.R; olup, girig bobin
Vi=Vea =1; R;)

L.

1

akimi [ egimi ile dogrusal bir sekilde

degisir. Hat kondansatorii C,  I; — 1, akimi tarafindan

sarj edilirken, C; gerilim disliren donistiiriicti akimi —I,

tarafindan ~ desarj  edilir. =~ Bu akimin  degeri
Va+Ver =1y Ry “Vep) - nin egimi ile orantili bir
Ly

sekilde artar. Gerilim distiren donistiriiciiniin  filtre
kondansatorii ise [, —1; akimi ile sarj edilir. Mod 3’ e

ait model denklemler asagida verilmektedir.

ol
Li‘il:Vi - LR, *ch 13)
ot
v
c.—t=-1, (14)
o
oV
C,—%=1,-1, (15)
ot
v,
Cp—L=1,-1, (16)
o
ol
Lb.a—t” =V +Vy)—1,.R, ~V,, 17

Son mod’ da Q, anahtar iletimde, Q;-Q; anahtarlari
kesimde ve D, diyodu ters kutuplanmistir. L; bobini
iizerinde diisen gerilim Vi—1I;.R; =V, olup, giris bobin

(Vi=1i-Ri =Ve3) egimi ile dogrusal bir sekilde
L

1

akim I

degisir. Hat kondansatérii C,  ; akimu tarafindan sarj

I;. I, current with the slope of Fep =1p Rp) g linearly
Ly

decreasing. The buck filter capacitor is discharged by the

current /;, — I ; . The modeling equations of this mode are

illustrated as follows;

oI,
L;"a*l:Vi LR =V, ®)
it
v
c,. ad =1, ©)
t
ov
c,—%=0 (10)
ot
v,
b.a—a’:lb—lL (1
t
oI, 1
L. S =V, —-1,.R, 12)

At mode 3, while the power switches Q,, Qs are turn on
and Q1 is turn off, diode D, is reverse biased. The voltage
across inductor L; isV; —V,., —I;.R; .The input inductor

current I with slope of (i=Ver =1i-Ri)
Li

changing. The bus capacitor C, is charged by the current
I; —1I, and Cl is discharged by the buck inductor current

-1, This current with the
(Vcl +Ve2 _Ib 'Rb — Vcb)
Ly
buck filter capacitor is charged by the current/, — 1 .

is linearly

slope of

is linearly increasing. The

The modeling equations of this mode are given as follows;

al;
L. —=V,~I,R,~V,, (13)
ot
v,
c,.—L=-1, (14)
ot
ov,
Cy—2=1,-1, (15)
ot
ov,
C,—L=1,-1, (16)
ot
al
b
Ly = Va4 Ve) =1y Ry =V 17

At last mode, while the power switches Q, is turn on
and Q,, Q; are turn off, diode D, is reverse biased. The
voltage across inductor L; is ¥, —71;.R; -V, .The input

inductor current I; with slope of VizliRi =Vea) 4
L;
linearly changing. The bus capacitor C, is charged by the
Lp-Ry —Vep) o
Ly
linearly decreasing. The buck filter capacitor is discharged

current I;. I, current with the slope of
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edilirken, I, akimin degeriM > nin egimi ile
Ly
orantilt bir sekilde diiser. Gerilim diisiiren doniistiiriicliniin

filtre kondansatorii ise /5 —1; akimi ile desarj edilir. Bu
moda ait model denklemler asagida gosterilmektedir.

Li-%:Vi*IiRi*ch (18)
ot
Fa _, (19)
ot
ov.
C, 2le2 . (20)
2 ot i
v,
C,.—b =1, -1 @21
b ot b L
ol
Lb.a—tbz—lb.Rb Vo (22)

Anahtarlara gore esitlikler diizenlenirse sisteme ait
denklemler asagidaki gibi tanimlanabilir.

611‘ _ Vl _IiRi _Sp‘Vcl _(I_Sp)VCZ

i _ (23)
Ot L;

oly _ Ver +Ve2)Sp =1y Ry =V (24)
ot L,

aVCl :]iSp_[bSh (25)
ot C

Wy _ —LiA1=Sp)~1pSp (26)
ot C,

Ve _Ip=11 27
Ot Cy

Burada S, GFD katmanindaki anahtarin konumunu ve S,
gerilim diigiiren donistiiriici  katmanindaki  anahtarin
konumunu gostermektedir. S, ve S, 1 oldugu zaman
anahtarlar iletimde aksi durumda kesimdedir.

4. DENETIM STRATEJISi

Onerilen AGK iki farkli denetim teknigi kullanilarak
denetlenmektedir. Ilk teknik GFD katmaninda kullanilan
ortalama akim denetim teknigidir. Bu teknige ait blok
sema Sekil 3° de gosterilmektedir.

by the current [, —7; . The modeling equations of this
mode are given as follows;

Li.%:l/ifliRifch (18)
ot

c e _ (19)
ot
v,y

cz.a—;:Ii (20)
ov,

C,.—b =1, -1 (21)

b ot b L

ol

Lb.a—:’:—lb Ry —V, (22)

According to the switches, when these equations are
arranged, the system can be expressed as follows;

%_VifliRifsp'Vclf(lfsp)Vd (23)
ot L;

ol _ Ve +Ve2)Sp = 1Ry =V (24)
ot Ly,

oV _ 1:Sp =1pS), (25)
ot C,

Wy _ ~Li1=Sp)~1pSp (26)
ot C,

6Vcb =1b _IL (27)
ot Cp

Where S, has been showed switch state in PFC stage and
Sy, has been demonstrated switch state in buck converter
stage. If S; and Sb are 1, then power switches are turned
on else turned off.

4. CONTROL STRATEGY

The proposed SMPS has been controlled by using two
different control techniques. First technique is the average
current control technique used in the PFC stage. The block
diagram of one is shown in Figure 3.
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Figure 3. The block diagram of the average current control technique

Sekil 3. Ortalama akim denetim tekniginin blok semast

Ortalama akim denetim teknigi; gerilim denetleyicisi,
akim denetleyicisi, birim siniis iireteci ve DGM
katmanindan olugsmaktadir. Gerilim denetleyicisi sabit DA
hat gerilimini elde etmek i¢in kullanilan dis denetim
dongiisiiniin iglevini yerine getirir. Hat akiminin referans
degeri gerilim denetleyicisinin ¢ikigt ile birim siniis
tiretecinden elde edilir.
I =uy *sinwt (28)

Birim siniis {ireteci hat gerilimi ile ayn1 fazda birim
sinlisoidal dalga sekli iiretir. Algilanan hat akimi referans
hat akimi ile kargilagtirilir. Elde edilen akim hatas1t DGM
katmanimin gerekli sinyalleri iiretmesine olanak saglayan
akim denetleyicisine gonderili. DGM katmani, DGM
sinyallerini iretmek i¢in akim denetleyicisinin ¢ikigindan
elde edilen bu sinyallerle tasiyict dalga seklini
karsilastiran bir tinitedir.

Ikinci teknik gerilim diisiiren doniistiiriicii katmaminda
kullanilan akim mod denetim teknigidir. Bu katman;
gerilim denetleyicisi, akim denetleyicisi ve DGM katmani
olmak {iizere li¢ katmandan olusur. Sekil 4° de akim mod
denetim tekniginin blok semas1 gosterilmektedir.

Figure 4. The block diagram of the current mode control technique
Sekil 4. Akim mod denetim tekniginin blok semast

Gerilim denetleyicisi algilanan gerilim ile referans
gerilimi arasindaki farktan elde edilen hata gerilimini (Eyy)
kullanarak referans akim (Iy.¢) tireten bir katmandir. Bu
hata degeri referans gerilimi (Vi) ile algilanan gerilim
arasindaki (V,) farktan elde edilir. Algilanan ¢ikis akimi
(I,) ile referans akimin kargsilastiriimasi sonucunda elde
edilen akim hatas1 (El,), DGM katmani icin gerekli

It consists of a voltage controller, a current controller,
a unit sin generator and PWM stages. The voltage
controller is employed in the outer loop control to
maintain the constant dc bus voltage. The reference value
of the bus current is derived from the output of voltage
controller and the unit sin generator.
1" =uy *sin wt (28)

The unit sin generator generates a unit sinusoidal
waveform in phase with mains voltage. The sensed bus
current is compared with reference bus line current. The
current error is sent to the current controller to generate
necessary signal for PWM stage. The PWM stage is a unit
that compares this signal with carrier waveform to
generate PWM signals.

Second technique is the current mode control technique
used in buck converter stage. It consists of three stages
which is voltage controller, current controller and PWM
stage. The block diagram of current mode control
technique is represented in Figure 4.

The voltage controller is a stage that generates a
reference current (I.r) by using the error voltage(Eyy),
which is obtained from difference between reference
voltage(Vyr) and sensed voltage(Vy,). The sensed output
current (I,) is compared with reference current. Obtained
the current error (El,) is sent to the current controller to
generate necessary signal(V,.g) for PWM stage. The PWM
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referanst ireten akim denetleyicisine gonderilir. DGM
katmani bu sinyal ile tasiyict dalga seklini karsilagtirarak
gerekli DGM c¢ikigini iiretir.

5. SINIRSEL BULANIK MANTIK DENETIM
BASAMAGI

AGK’ nin GFD ve gerilim diisiiren doniistiiriicii
katmanlarimin denetlenmesinde kullanilan SBM
denetleyicisinin blok semas1 Sekil 5° de gosterilmektedir.
Denetleyici baslica li¢ bolimden olusmaktadir. Birinci
boliim; bulaniklastirma {initesi, kural tabani {initesi,
¢ikarim tinitesi ve durulagtirma {initesini i¢eren bir bulanik
mantik denetleyicisinden olusur. Ikinci bolim; egitim
kiimesi ve egitim algoritmas iinitelerini kapsayan bir en
iyileme {initesidir. Bu boliimdeki egitim kiimesi, egitim
islemi sirasinda kullanilacak olan hata, hatadaki degisim
ve BM denetleyicisinin arzu edilen ¢ikis degerlerini temsil
eden 40 adet egitim verisini igermektedir. Son boliim ise
bir darbe genislik modiilatoriidiir. Bu katman tastyici ve
referans dalga formlarim1 karsilagtirarak anahtarlama
sinyallerini Uiretir.

stage compares this signal with carrier waveform to
generate PWM output.

5. NEURO-FUZZY CONTROL STAGE

The block diagram of the NF controller used in PFC
and buck converter stages of SMPS is shown in Figure 5.
The controller is mainly formed three sections. First
section consists of a fuzzy logic controller which is
divided into four modules: fuzzifier, rule base, decision
maker, and defuzzifier. Second section is the adjusting
unit which includes the training set and the training
algorithm. The training set in this section contains 40
training data which comprise the error, the change of error
and desired output of FL controller. Last section is a pulse
width modulator. This stage compares carrier waveform
with reference waveform and generates switching signals.

Heuro-Fuzzy Controller / 3inirsel Bulark Mantik Denetleyicisi

Reference E Egitim Training di Training Egitim X
Ioput o Algortmast/ | Algorithm En Set f Kimesi :
[ Referans | :
5 Cirigi : v E
' . PW Stage ¢ | PWLI
i I I 11 /\ DG >
° ! ) } @ Katmaru ' DG
Gensed- | B !
Input | Fule Base f !
{ Alglanan ! Kural Tabatm o :
Gilg Ut T :
E defdt g !
i Fuzzification [nit Decision Making Defuzzification ;
i f Bulaniklagtirma Usiit f Earat wer- [ | Uit / Dunilagtiema :
' Unitesi me Unitesi Unitesi !

Figure 5. The block diagram of the NF controller for proposed SMPS

Sekil 5. Onerilen AGK i¢in SBM denetleyicinin blok semas1

Denetleyicinin ¢alismasi i¢ mod halinde &zetlenebilir.
fIk Calisma modunda anahtar I konumunda olup, egitim
kiimesi ve egitim algoritmasi kullanilarak iiyelik
fonksiyonuna ait kiimelerin sinir degerleri ( a;, b;, ¢; )
egitilir. Tlk moddaki egitim islemi tamamlandiktan sonra,
anahtar I konumuna alinarak denetleyicinin ikinci modda
caligmasi saglanir. Bu modda kural tabanina ait degerler
ayarlanmaktadir. Ugiincii ¢alisma modunda anahtar III
konumuna alindiktan sonra, ayarlanan degerler BMD
denetleyicisinde yerine konarak sistemin dinamik olarak
caligmasi saglanir.

GFD ve gerilim diisiiren doniistiiriicii katmanlarinda
kullanilan denetleyicilerin giris degiskenleri olarak gerilim
hatasi, gerilim hatasindaki degisim, akim hatas1 ve akim
hatasindaki degisim se¢ilmistir. Cikis degiskeni olarak ise
DGM katmani i¢in gerekli olan referans gerilimindeki
degisim (du) alinmistir. Denetleyicinin Bulaniklagtirma
iinitesinde ii¢cgen tipi iiyelik fonksiyonlar1 kullanilmis olup
bu fonksiyonlarin egitimden 6nceki durumlar Sekil 6’ da
gosterilmektedir.

The operation of controller can be summarized in three
modes. While the position of switch is I in first mode, the
premise parameters ( a;, b;, ¢; ) of membership function are
trained by using the training algorithm and the training set.
After the training process finishes in first mode, the
position of switch passes through II and the controller
begins to work in second mode. The data of rule base are
adjusted in this mode. In the last mode, while the position
of switch goes through III the adjusting parameters are
replaced with old value and then, the system is
dynamically worked.

The input variables of the controllers in used PFC and
buck converter stages are selected as the voltage error, the
change of voltage error, the current error and the change
of current error. The output of controller represents to the
change of reference waveform (du) for each stage. The
triangular shape membership functions are used in the
fuzzifier unit of the controllers. The membership functions
for each stage are represented in Figure 6, before training
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Figure 6. Membership functions before training:
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a) Membership functions of PFC stage before training. b) Membership functions of buck converter stage before training

Sekil 6. Egitimden onceki iiyelik fonksiyonlari:

a) GFD katmaninin iiyelik fonksiyonlar1 b) gerilim diisliren doniistiiriicii katmaninin iiyelik fonksiyonlari

Egitimden o&nceki durum icin GFD katmaninda
kullanilan denetleyicilerin kural tabanlart Cizelge 1 ve
Cizelge 2’ de gosterilmektedir. Cizelge 3 ve Cizelge 4 ise
gerilim diigiiren donistiirlicii katmanmn kural tabanlarini
gostermektedir.

Table 1. Rule base of NF controller used in PFC stage for
voltage controller
Cizelge 1. GFD katmani i¢in SBM gerilim denetleyicisinin kural
tabani

€
de NB | NB S PK | PB
NB | -15 | -15 | -75 | 375| 0©
NK | -15 | 75 [ 375 ] 0 3.75
S 75 | 375] 0 375 | 15
PK | 375 | 0 375 | 75 15
PB 0 375 | 75 15 15

Table 3. Rule base of NF controller used in buck converter
stage for voltage controller.
Cizelge 3. Gerilim digiiren donistiriici icin SBM  gerilim
denetleyicisinin kural tabani.

dee NB NK S PK PB
NB | -10 10 3 25 0
NK | -10 5 25 0 25
S 3 25 0 25 5
PK | 25 0 25 5 10
PB 0 25 5 10 10

Sekil 7° de BSE ag yapis:1 gosterilmektedir. Bu yapr;
bulaniklagtirici, ¢ikarim iinitesi ve durulastirict olmak
tizere li¢ katmandan olugmaktadir.

Before training, the rule bases of NF controllers used in
PFC stage are shown in Table 1 and Table 2. Table 3 and
Table 4 represent the rule bases of NF controllers used in
buck converter stage.

Table 2. Rule base of NF controller used in PFC stage for
current controller

Cizelge 2. GFD katmani i¢in SBM akim denetleyicisi kural tabani

€] NB NK S PK PB
de
NB | -5 3 25 | -125 0
NK | -5 25 | -1.25 0 125
S | 25 | -1.25 0 125 | 25
PK | -125 0 125 | 25 5
PB 0 125 | 25 5 5

Table 4. Rule base of NF controller used in buck converter
stage for current controller
Cizelge 4. Gerilim disliren dondstiricii i¢in SBM akim
denetleyicisinin kural tabani

o | NB | Nk s PK | PB
NB | 4 4 2 1 0
NK | 4 2 -1 0 1
s | 2 -1 0 1 2
PK | I 0 1 2 4
PB | 0 1 2 4 4

The network structure of FNO system is shown in
Figure 7. This structure consists of three layers: fuzzifier,
decision making and defuzzifier.
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Layer I/ Eatman I

Layer IT { Eatman IT

Layer IIT { K atman ITT

Algontmast

. Fuzafier / Decision Making Unit / .
Bularddagtirict Cilcarim Unitesi Defuzzfier / Durulagtirict
Figure 7. The network structure of FNO system
Sekil 7. BSE ag yapisi
Katman-I, iyelik fonksiyonlarinin temsil edildigi Layer-I is a stage that realizes fuzzification operation

bulaniklagtirma islevini yerine getiren katmandir. Bu
katmanda hata ve hatadaki degisim girisleri; Negatif
Biiyiik (NB),Negatif Kiigiik (NK), Sifir (S), Pozitif Kii¢iik
(PK) ve Pozitif Biiyiik(PB) olmak iizere 5 ayn iiyelik
kiimesi ile temsil edilmistir. Bu kiimelere ait fonksiyonlar
asagida verilmektedir.

M —————— a11£€~§b11
_Ji-an) l (@)
len-e) by <e; <cyy
(e11 =b11)
de: —
% —————— ayy Sdej <by (30)
o= P22
T2y by, <de; <cpy
(c22=bs))

Burada e; hata girisini, de; hatadaki degisim girisini, a,,
b1y, €11, @, by, €y ise lyelik fonksiyona ait sinir
parametrelerini  gostermektedir.  Katman-II  ¢ikarim
islemlerini gerceklestirir. Katmanda bulunan her bir sinir,
kendisine gelen sinyalleri garpip ¢ikigina aktaran ve [T ile
etiketlendirilmis diigiimleri temsil eder.
Py = pe;.ude; =12 (31
Katman-III’ te hata ve hatadaki degisimin {tyelik
seviyeleri kullanilarak referans dalga seklindeki degisime
karar verilmektedir. Katman bu islemi durulastirma
metotlarindan birini  kullanarak yerine getirir. SBM
denetleyicisinde aynit zamanda merkez yontemi olarak da
bilinen agirlik merkezi yontemi kullanilmigtir. Bu katmana
ait ¢1kis esitligi asagida verilmektedir.
!

(k)
> Pw
= (32)

T
> P
=

Burada Py k> ninci aktif kuralin ¢ikarim islemi sonucunu,
Wi k> niner aktif kuralin agirhigini ve n aktif kural sayisini

and each input is represented with five membership
functions: negative big (NB), negative small (NK), zero
(S), positive small (PK) and positive big (PB). In NF
controller, the models of membership functions of error
and the change of error are given as follows;

lej—ay) aj) <e; <by
_ @G —an) @9
L=

M 777777 bll Sei SC“

(er1=by1)

d L —

(dej—ap) ayy <dej <by,
e. = (bry =) (30)
J —de;

Cn=dy) _____ by, <de; <y

(c22=bp2)

Where a;j, by, €11, a2, b2y, €y, are premise parameters for
the membership functions of error and the change of error.
¢; is the input of error and de; is the input of the change of
error. Layer-II realizes decision making operation and
each neuron is circle node labeled IT which multiplies the
incoming signals and sends the product out.
Py = pe;.ude; =12 €2
In layer-III, the change of reference waveform is
decided by using the membership level of the error and
the change of error. It computes the output of controller
by using defuzzification methods. In NF controller, centre
of gravity defuzzification method, which is also known as
the centroid, is used. The output is obtained as given;
/

(k)
P, .
& (32)

du = 7
> P
=
Where Py is the value of decision making operation with k
- th the activated rule, W, is weight of k-th activated rule
and n is the number of activated rule.
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gostermektedir.

Uyelik kiimelerine ait simr parametrelerinin ve kural
tabaninin  egitiminde dik inis metodu kullanilmistir. Bu
metoda gore ilk islem olarak formiilii Boliim2 Esitlik 1° de
verilen hata fonksiyonu E hesaplanir. Hata degeri tiirevde
zincir kurali kullanilarak geri beslenerek hata en aza
indirgenir. Bu islem sonucunda elde edilen formiil Bélim
2’ deki Esitlik 2° de verilmektedir. Ayni sekilde, iyelik
fonksiyonlarmin  sinir  parametreleri de  g¢ikarim
tnitesindeki ¢ikis hatasinin  geriye beslenmesi ile
bulunabilir.

6. BENZETIM CALISMALARI

AGK’ nin benzetim ¢aligsmalar1 Cizelge 5’ te verilen
degerler kullanilarak gergeklestirilmisti. AGK’ nin
denetlenmesinde PI ve SBM denetleyiciler kullanilmis
olup bu denetleyicilerin AGK’ nin basarimina etkileri
arastirilmustir. Uyelik fonksiyonlarini simr parametreleri
ve kural tabanlarinin sonu¢ parametrelerinin baslangic
degerleri olarak Boliim 5° te verilen degerler alinmustir.
Uyelik fonksiyonlarinin smir parametrelerinin
egitimindeki 6grenme parametresi 0.125, kural tabaninin
sonu¢ degerlerinin egitimindeki 6grenme parametresi ise
0.15 secilmistir. Egitim sonrasi her iki katmanda
kullanilan denetleyicilerin iiyelik fonksiyonlart Sekil 8’
de verilmektedir. Cizelge 6, Cizelge 7, Cizelge 8 ve
Cizelge 9’ da ise denetleyicilere ait kural tabanlarinin
egitim sonrasi olusan degerleri gosterilmektedir.

Table 5. The parameters of SMPS
Cizelge 5. AGK’ nin parametreleri

In training of premise parameters of the membership
functions and rule base, the gradient decent are used.
According to this method, in the first step, the error
function £ is computed. It can be obtained by using
Equation.1 given in section 2. The error value is back
propagated by using the chain rule and the new weight of
the rule base is determined as being in Equation.2. In the
same way, premise parameters of the membership
functions can be found by back propagating the overall
output error of decision making unit.

6. SIMULATION STUDIES

The simulation studies of SMPS have been performed
by using values given in Table 5. PI controller and NF
controllers are used in SMPS and their effects in
performance of the SMPS have been researched. Initial
values of premise parameters of the membership functions
and rule base for the NF controller have been taken as
values given in section 5. Learning parameter of premise
parameters of the membership functions has been chosen
as 0,125 and learning parameter of rule base has been
chosen as 0,15. SMPS is trained by using these values.
After training, new membership functions for each
controller used in PFC stage and buck converter stage are
given in Figure 8. Table 6, Table 7, Table 8 and Table 9
show new rule base tables for the controllers.

PFC Stage / GFD katmam Buck Conv"erte r "Stixgs / Gerilim diisiiren
doniistiiriicii katmani
L; 1 mH Ly 1.5mh
C=C, 2200 uF Gy 450 uF
Vi 220 V/50Hz Vb 80V
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Figure 8. New membership functions after training: a) Membership functions of PFC stage after training. b) Membership functions of
buck converter stage after training

Sekil 8. Egitim sonrasi, denetleyicilerin iiyelik fonksiyonlari: a) GFD katmaninin iiyelik fonksiyonlar1 b) gerilim diistiren donistiiriict
katmaninin iiyelik fonksiyonlari



Power Factor Correction Of A Switching.../ Sinirsel Bulanik Denetleyici Kullanarak... 433

Table 6. New rule base of NF controller used in PFC stage for
voltage controller after training
Cizelge 6. Egitim sonrasi, GFD katmaninda kullanilan SBM
gerilim denetleyicisinin yeni kural tabani

€

de NB NK S PK PB
NB | -1972 | -1754 | -787 | 252 | 0.03
NK | -1823 | -10.12 | -523 | -0.004 | 451
S | -1294 | -461 | 0.0l 285 | 8.12
PK | -3.75 0.26 512 838 | 202
PB | 0087 | 224 1069 | 21.78 | 243

Table 8. New rule base of NF controller used in buck
converter stage for voltage controller after training
Cizelge 8. Egitim sonrasigerilim diigiiren  doniistiiriicii
katmaninda kullanilan SBM gerilim denetleyicisinin yeni kural
tabani

dee NB NK S PK PB
NB | -1217 | -1056 | -7.29 15 0
NK | 923 | 8021 | -5.28 041 | 232
S -6.86 398 | 0019 49 5.84
PK | 451 | -0023 | 327 8.4 135
PB 0.23 2.787 8.12 116 | 153

Sekil 9° da R;=5 ohm - ;=40 mH’ lik yiik degerinde
GFD katmani kullanilmayan bir AGK’ nin giris akim ve
gerilim dalga sekilleri gosterilmektedir. Bu AGK igin
Akim ve gerilim arasindaki giic faktorii 0.5 olarak
saptanmistir.

Table 7. New rule base of NF controller used in PFC stage for
current controller after training
Cizelge 7. Egitim sonrasi, GFD katmaninda kullanilan SBM akim
denetleyicisinin yeni kural tabani

dee NB NK s PK PB
NB | -875 | 4156 | 2226 | -1521 | 0
NK | -627 | -3.469 | -1.795 | 0.0018 | 1.28
S | 3481 | -1.532 | 0167 | 1.925 | 3.16
PK | 0312 | 0.0015 | 3271 554 | 753
PB | 1.126 | 3252 | 4169 | 7.878 | 104

Table 9. New rule base of NF controller used in buck
converter stage for current controller after training
Cizelge 9. Egitim sonrasigerilim diigiiren doniistiiriicii
katmaninda kullanilan SBM akim denetleyicisinin yeni kural
tabani

dee NB NK S PK PB
NB | -364 | -364 | -2.67 1.1 | 023
NK | 312 298 | -1.96 008 | 1.73
S 248 | -251 | 0.006 181 | 3.01
PK | -137 0 1.41 213 | 471
PB | 0.004 1.45 2.93 327 | 538

The input current and voltage waveforms of the SMPS
without PFC are shown for Ri= 5 ohm and L;=40 mH
load in Figure 9. The power factor between input current
and voltage has been determined as 0,5.
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Figure 9. Waveforms of the input current and input voltage in SMPS without PFC
Sekil 9. GFD katmani kullanilmayan bir AGK’ ya ait giris akim ve gerilim dalga sekilleri

PI ve SBM denetleyici kullanilan GFD’ lerin giris akim
ve gerilim dalga sekilleri Sekil 10° da verilmektedir. Sekil
10.a ve Sekil 10.b> den her iki denetleyicinin de akim ve
gerilim arasindaki faz farkini  ortadan kaldirdig:
anlagilmaktadir. Ayn1 dalga sekillerinin 20 ms’ lik zaman
dilimindeki durumlart Sekil 10.c ve Sekil 10.d> de
gosterilmektedir. Sekil 10.c’ den PI denetleyicili GFD’ nin
her sifir gegis noktasinin 2 ms’ lik zaman diliminde girig
akim dalga seklini diizeltmede basarisiz oldugu
anlagilmaktadir.

The input current and voltage waveforms of SMPS
with PFC used in PI and NF controller are given in Figure
10. It is understood from the waveforms in Figures 10.a
and Figure 10.b that both of the controllers has corrected
the phase difference between current and voltage. The
same waveforms are shown in a 20 ms time period in
Figure 10.c and Figure 10.d. According to Figure 10.c,
PFC with PI controller is unsuccessful in correcting input
current in 2ms after every zero crossing.
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Figure 10. Input current and voltage waveforms of SMPS with PFC: a) Input current and voltage waveforms of PI controlled SMPS in
the 80 ms time period. b) Input current and voltage waveforms of proposed SMPS in the 80 ms time period c¢) Input current and voltage
waveforms of PI controlled SMPS in the 20 ms time period d) Input current and voltage waveforms of proposed SMPS in the 20 ms time

period

Sekil 10. Gii¢ faktor diizeltmeli AGK’ nin giris akim ve gerilim dalga sekilleri: a) 80 ms ° lik zaman diliminde PI denetleyicili AGK’
nin giris akim ve gerilim dalga sekilleri b) 80 ms * lik zaman diliminde 6nerilen AGK’ nin girig akim ve gerilim dalga sekilleri ¢) 20 ms *
lik zaman diliminde PI denetleyicili AGK’ nin giris akim ve gerilim dalga sekilleri d) 20 ms  lik zaman diliminde 6nerilen AGK’ nin

giris akim ve gerilim dalga sekilleri.

Sekil 11’ de AGK’ ya ait ¢ikis gerilim dalga sekilleri
gosterilmektedir. AGK’ da kullanilan PI denetleyicili
gerilim diisiiren doniistiiriicii 80 V’ luk referans gerilimine
2.1 ms’ de ulasirken SBM denetleyicili gerilim diisiiren
doniistiiriicti bu islevi 0.7 ms’ de yerine getirmektedir.

The output voltage waveforms of SMPS is shown in
Figure 11. While buck converter with PI controller in used
SMPS reaches 80 V reference voltage in 2,1 ms, buck
converter with NF controller reaches it in 0,7 ms.
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(b) (d)
Figure 11. Output voltage waveforms of the SMPS: a) Output waveform of the PI controlled SMPS in the 80 ms time period. b) Output
waveform of proposed SMPS in the 80 ms time period. c¢) Output waveform of PI controlled SMPS in the 5 ms time period. d) Output
waveform of proposed SMPS in the 5 ms time period.
Sekil 11. AGK’ nin ¢ikis gerilim dalga sekilleri: a) 80 ms’ lik zaman diliminde PI denetleyicili AGK’ nin ¢ikis dalga sekli b) 80 ms’ lik
zaman diliminde 6nerilen AGK’ nin ¢ikis dalga sekli ¢) 5 ms’ lik zaman diliminde PI denetleyicili AGK’ nin ¢ikis dalga sekli d) 5 ms’ lik
zaman diliminde 6nerilen AGK’ nin ¢ikis dalga sekli

RL=5 ohm, LL=40 mH’ luk yiik degeri RL=3 ohm, The output waveforms of SMPS while the RL=5 ohm
LL=4 mH yiik degerine diigiiriildiigii durum i¢in AGK’ nin LL=40 mH is switched down to RL=3 ohm LL=4 mH at
cikigina ait dalga sekilleri Sekil 12 de verilmektedir. PI 4" ms s given in Figure 12. While the PI controller
denetleyici bu degisimden kaynaklanan gerilim diisiimiinii correct this voltage drop arised from this load changed in
1.7 ms’ de diizeltirken, SBM denetleyici ayni degisimi 1,7 ms, NF controller has corrected the same changed in
0.55 ms’ de diizeltmektedir. 0,55 ms.

‘ ; ; j ; ;
3B 385 38 385 40 405 41 41.5 42
t(ms]

(b) ()
Figure 12. The output waveforms of SMPS while the RL=5 ohm LL=40 mH is swithed down to RL=3 ohm LL=4 mH: a) Output
waveform of PI controlled SMPS in the 80 ms time period. b) Output waveform of proposed SMPS in the 80 ms time period. ¢) Output
waveform of PI controlled SMPS in the 4 ms time period. d) Output waveform of proposed SMPS in the 4 ms time period
Sekil 12. Yiik degeri RL=5 ohm, LL=40 mH’ dan RL=3 ohm, LL=4 mH’ ye disiiriildiigii durum i¢in AGK’ nin ¢ikis dalga sekilleri: a)
80 ms zaman diliminde PI denetleyicili AGK’ nin ¢ikis dalga sekli b) 80 ms zaman diliminde 6nerilen AGK” nin ¢ikis dalga sekli ¢) 4 ms
zaman diliminde PI denetleyicili AGK’ nin ¢ikis dalga sekli d) 4 ms zaman diliminde onerilen AGK’ nin ¢ikis dalga sekli
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7. SONUCLAR

Bu calismada; gii¢ faktor diizeltmeli bir AGK
siteminde yiiksek dinamik cevap ve birim gii¢ faktorii elde
etmek icin SBM denetleyicisi nerilmistir. Onerilen AGK’
y1 test etmek i¢in bilgisayar benzetimleri yapilmistir. SBM
denetleyicinin basarimini degerlendirebilmek i¢in AGK
ayn1 zamanda geleneksel Oransal-Integral (PI) denetleyici
kullanilarak denetlenmistir. Benzetim ¢alismalari, RL=5
ohm LL=40 mH ve RL=3 ohm LL=4 mH olmak iizere iki
farkli yiikte yapilmistir. Bu yiik degerlerinde; her iki
denetleyicide akim ve gerilim arasindaki faz farkim
ortadan kaldirmasma ragmen, giris akiminin sifir gegis
noktalarinda olusan bozulmayr SBM denetleyici PI
denetleyiciden 1.85 ms daha kisa bir siirede diizeltmistir.
Ayni yiik degerlerinde 80 V’ luk referans gerilimini elde
etmede; SBM denetleyicisi PI denetleyiciden, RL=5 ohm
LL=40 mH’ lik yiikde 2.85 kat, RL=3 ohm LL=4 mH
yiikde ise 3.09 kat daha hizli bir dinamik cevaba olanak
saglamistir. Cikis yiikii RL=5 ohm LL=40 mH’ den RL=3
ohm LL=4 mH’ ye degistirildigi durum igin yiik
degisiminden kaynaklanan gerilim diisiimiinii diizeltmede;
SBM denetleyicinin PI denetleyici gore 1.27 kat daha hizli
bir dinamik cevaba sahip oldugu gozlenmistir.

Benzetim ¢aligmalari sonucunda; SBM denetleyicisinin
PI denetleyiciye gore daha iyi bir dinamik cevaba sahip
oldugu goriilmistiir.
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