G.U. Fen Bilimleri Dergisi
17(2): 63-76 (2004)

ISSN 1303-9709

G.U. Journal of Science
17(2):63-76 (2004)

SPEED CONTROL OF INDUCTION MOTOR BY MATRIX CONVERTER

Ismail COSKUN*, Ali SAYGIN

Gazi Universitesi, Teknik Egitim Fakiiltesi, Elektrik Egitimi Boliimii, 06500,

Teknikokullar, Ankara, TURKIYE

ABSTRACT

In this study, the simulation results concerning speed control of the induction
motor by using a matrix converter have been given. The field oriented control
technique was preferred while making speed control of the induction motor with a
matrix converter. Over nominal speed, the flux has been weakened. Therefore,
decreasing magnetic saturation and heat dissipation, torque production and drive
efficiency were improved at the desired speed. In order to provide unity power
factor for the running converter, the space vectors of input currents and output
voltages were used in the matrix converter. By using the data taken from the
controller, the required switching signals for the matrix converter has been
produced. These signals have been taken by using the space vector pulse width
modulation technique. Parameters of 4 kW induction motor have been used in the
simulation process.
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OZET

Bu ¢alismada, matris konverter kullanilarak asenkron motor hiz denetimine ait
bilgisayar benzetim sonuglari verilmigtir. Matris konverter ile motorun hiz
denetimi yapilirken alan yonlendirmeli kontrol teknigi tercih edilmistir. Anma
hizinin iizerindeki hizlarda alan zayiflatmasi yapilmigtir. Bu sayede istenen hizda,
manyetik doyum ve 1s1 kayiplar1 azaltilarak motorda moment iiretimi ve siiriicii
verimliligi saglanmistir. Konverterin sabit giris giic katsayisinda c¢alismasint
saglanmak i¢in, giris akimlari ile ¢ikis gerilimlerinin uzay vektorleri kullanilmisgtir.
Denetleyiciden elde edilen veriler kullanilarak matris konverterdeki yariiletken
anahtarlarin ¢aligmasi icin gerekli sinyaller iiretilmistir. Bu sinyaller, uzay vektor
darbe genislik modiilasyon teknigi ile elde edilmistir. Bilgisayar ortaminda 4 kW’
lik asenkron motor parametreleri esas alinarak benzetim calismalart yapilmistir.
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MATRIS KONVERTER iLE ASENKRON MOTOR HIZ DENETIiMi

1. GIiRiS

Klasik frekans konverterlere alternatif akim, dogru
akima ve tekrar alternatif akima doniistiiriilmektedir.
Klasik konverterlerde DC hat olmast ve enerjinin depo
edilmesi i¢in kondansatorlere gereksinim duyulmaktadir.
Kondansatoriin kullanim siiresi ve enerjiyi sarj edebilme
0zelligi zamanla degigim gostermesi konverterde zamanla
degisik problemlerin ortaya ¢ikmasina neden olmaktadir.
Enerjinin  dogrudan  doéniisiimii  igin  gelistirilen
cycloconverter’ lerde ise akim ve gerilim egrilerinde
harmonikler olugsmasi ve disiik frekanslarda momentte
salinimlara sebep olmast motor hiz kontroliinde
karsilasilan baslica problemlerdir (1-3).

Matris konverterler alternatif akimdan alternatif akima
dogrudan doniisim yapan bir konverterdir. Dogrultma
tinitesi bulunmadig1 i¢in enerjinin sarj edilmesi igin
kondansator kullanimina gereksinim duyulmaz. Asenkron

1. INTRODUCTION

In classical frequency converters, first of all alternative
current (AC) is converted into direct current (DC) and then
reconverted back to alternative current. Because of the DC
line in classical converters, capacitors are required to store
the energy. Variation in capacitor’s usage duration and
ability to charge the energy occasionally cause some
problems. During direct transfer of energy in
cycloconverters, harmonics occurr in current and voltage
waveforms and cause torque oscillation in low
frequencies, these are the initial problems of the motor
speed control (1-3).

The matrix converter is a converter, which converts
alternative current from line alternative current. Because
of not having a rectifier unit they do not need a capacitor
to store the energy. Because it lets let the variation of
moment-speed of the induction motor run in four
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motor moment-hiz degisiminde dort bolge de calismaya
imkan verdigi icin diger konverterlere gore istiinliik
saglamaktadir. Her iki yondede akim gegisi olmasi, ayni
zamanda iki yonli giic akisini da saglamaktadir (4,5).
Giris ve c¢ikis dalga sekillerinin siniisoidal olmasi ve
kontrol edilebilir giris gii¢ katsayisi, matris konverterlere
olan ilgiyi artirmistir (6,7).

Asenkron motor hizinn  matris konverter ile
denetlenmesinde degisik kontrol teknikleri
kullanilmaktadir. Alan yonlendirmeli kontrol teknigi

Venturini darbe genislik modiilasyon teknigi ile birlikte
kullanilabilmektedir. Bu ydntem de, gerilim giris-¢ikis
doniistiirme oraninin maksimum degeri olan 0,866 elde
edilmesi igin yariiletkenlerin anahtarlama siirelerinde,
cikis temel harmonik sinyali ile giris 3. harmonik sinyali
ve ¢ikig 3. harmonik sinyalinin esitliklerde kullanilmasint
zorunlu kilmaktadir (8).

Matris konverterde asenkron motorun dogrudan vektor
kontrol yontemi ile yapilan hiz denetiminde uzay vektor
darbe genislik modiilasyon teknigi ile birlikte
kullanilmaktadir (9). Bu yontemde aki ve moment
degerleri  hesaplanarak  dogrudan  hiz  kontrolii
saglanmaktadir. Aki degeri gerilim veya akim modeli
kullanilarak bulunabilmektedir. Bu yontem ile diisiik
hizlarda denetleme yaparken degisimin yavas olmasi
hesaplama hatalarina sebep olmaktadir (3).

Yapilan bu c¢aligmada, alan yonlendirmeli kontrol
yontemi kullanilarak asenkron motor hizinin denetlenmesi
saglanmistir. Motor faz akimlar1 senkron eksen diizlemine
aktarilmistir.  Alan  yonlendirmeli  kontrol ydntemi
kullanilarak hiz denetimi saglanmig ve konvererde
kullanilan yariiletken elemanlarin anahtarlama sinyalleri
uzay vektor darbe genislik modiilasyonu yontemi ile elde
edilmistir. Giris ve ¢ikis akim dalga sekillerinin
siniisoiadal olmasi, kontrol edilebilir girig gii¢c katsayis1 ve
4 bolge anahtarlama fonksiyonlarina sahip olmasi
sebebiyle bu yontem tercih edilmistir.

2. ALAN YONLENDIRME KONTROL

TEKNIGI

Alan yoénlendirme kontrol tekniginde motora ait 3 faz
akim, gerilim ve aki ifadeleri 90° faz farkli iki diizleme
aktarilmaktadir. Bu sayede asenkron motorun hiz denetimi
yabanci uyartimlt dogru akim motoruna benzetilerek
birbirlerinden bagimsiz iki diizlem olusturulmakta ve hiz
kontrolii saglanmaktadir. Tki diizleme indirgenmis motora
ait stator ve rotor gerilim esitlikleri d-q senkron eksen
diizleminde ifade edilecek olursa;
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quadrants, it has advantages over the other converters. The
bidirectional passing of current, provides bidirectional to
pass at the same time (4,5). Having sinusoidal waveform
of input and output waves and controllable input power
factor has increased the demand for matrix converters
6,7).

There are various control techniques to use to control
the induction motor speed with matrix converters. A field
oriented control technique has been used with Venturini
pulse with the modulation technique. In this method, in
order to get the maximum value of 0.866 of input — output
voltage ratio at switching durations of semiconductors,
input 3. harmonic signal with basic output signal
harmonic and the output 3. harmonic signal has been
used in the equations (8).

To make speed control of the induction motor with
matrix converter, the direct vector control method and
space vector pulse with modulation technique are used
together (9). In this method, flux and moment values are
calculated and are used directly to control speed. The flux
value can be found by using voltage or current model.
Using this method, at low speeds causes calculation errors
due to slow variation (3).

In this study, the speed control of the induction motor
has been provided by using the field oriented control
method. Motor phase currents are transferred to the
synchronous axis plane. By using the field oriented control
technique, speed control has been provided and the
switching signals of the semiconductor elements used in
the converter are obtained with space vector pulse width
modulation method. This method has been prefered
because of having sinusoidal waveform of input —output
current, controllable input power factor and operation in 4
quadrant switching area.

2. FIELD ORIENTED CONTROL

In the field oriented control technique the 3-phase
current, voltage and flux of the motor are transferred to
two planeswith 90° phase difference. Therefore, the speed
of the induction motor can be controlled like a separately
excited direct current motor so that the two independent
planes are formed and speed has been controlled. Stator
and rotor voltage equalities of the motor have been
reduced to two planes and they can be explained on d-q
synchronous axis plane as follows.

V§s=Rsif1s+P7~%s+®e s [
Vs =Ry igs +pAgs — 0 7Leqs (2]
OZRrigr"‘p}“eqr"'((De_mr ) dr (3]

_ -e e
0=R;ig +phy —

I dr

( ®e — O )x%r [4]
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dir. Yukaridaki esitliklerde RS . stator bir faz direncini,

R,: statora aktarilmis rotor bir faz direncini, @

!
senkron hizi, ®,.: rotor hiz1 ve p: tiirev operatériinii ifade

etmektedir. Ayni sekilde aki esitlikleri ve moment de ifade
edilecek olursa;

In these equations, R _ : stator resistance per phase,

s

R;: rotor phase resistance transferred to stator, (,:

synchronous speed, (0 : rotor speed and p: derivative

operator. Similarly, flux equalities and moment can be
expressed as below.

Ngs =Lsigs + L g (5]
Ay =Lgigs + Ly, i [6]
Ngr=Lmigs+Lyige [7]
A =Lnids + L, ig (8]
=3P Lm (3¢ i e e ) )

olmaktadir. Yukarida ki esitliklerde Lg:

L,: rotor bir faz
endiiktansini ve L,: ortak endiiktansi ifade etmektedir.

stator bir faz

endiiktansini, statora aktarilmig

Alan yonlendirmeli kontrolde, rotor aki vektorii qur

birbirinden bagimsiz A%y, ve keqr vektorlerinden
olusmaktadir. Motor hiz denetiminde denetlenecek
degiskenlerin  sayisimin  teke indirilmesi i¢in  aki

vektorlerinden Kzr sifira esitlenir. Rotor aki vektoriiniin

miknatislama akimi ile olan iliskisi asagidaki gibi ifade
edilebilir.

e -e .e
A =Agr=Lnime = Linigs

e M

Es. Imr 3

10 kullanilarak miknatislama akimi
m
yazilabilir. Yukaridaki esitlikler kullanilarak miknatislama
akiminin kayma hizi1 ve moment ile iliskisi ifade edilecek

olursa

T

At previous equalities, Lg: stator phase inductance, L, :

rotor phase inductance transferred to the stator and L,;:
mutual inductance.

In the field oriented control, rotor flux vector 7\“edqr can

occur by two independent A%, and Kzr vectors. In order
to decrease the number of the varieties to unity, the flux
vector Xeqr is equaled to zero to control the speed of

motor. The relation of rotor flux vector with magnetization
current is stated as follows;

[10]

Using Eq. 10, magnetization current can be written

it =T By wusing the previous equations, the

relationship between moment and slip speed depends on
magnetization current and can be given as well;

2
3P I3 e
Te— 5 E Tr lds lqs [11]
e e Ly d ify
'gg ~tmr * R; dt [12]
1 .
(O8] ZL—IqS [13]
Lo,
R

olmaktadir. Elektromanyetik moment esitligi kullanilarak
rotor hizinin degisimi elektriksel hiz olarak asagidaki gibi
ifade edilebilir,

Electrical variation of rotor speed can be expressed as
follow.
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Es. 14’ de T, : elektromanyetik momenti, B: siiriitnme
katsayisini, T; : yiilk momentini, j : atalet momentini,
P : motor kutup sayisim ifade etmektedir. Senkron hiz,
rotor hizi ve kayma hizinin toplamina esit olup alan
yonlendirmeli  kontrolde  diizlem  doniisiimlerinde
kullanilmaktadir. Bu durum ifade edilecek olursa,

®e =0 + W)

0,=0,+0y

Yukarida verilen esitlikler kullanilarak asenkron motorun
ontrolii saglanmaktadir. Bu iglem i¢in referans hiz ile motor
kimlar1 kullanilarak Es. 14’ den ger¢ek hiz bulunmakta, bu
rlerin farki alinarakta hiz hatasi bulunmaktadir. Hiz
sinin telafi edilmesi igin konverterde yariiletken anahtarlarin
n sireleri ve siralamasmin degistirilmesi gerekmektedir.
ikron motorun alan yonlendirmeli kontroliine ait uygulama
2 semasi Sekil 17 de verilmistir.
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P

— 14

> [14]
In Eq.14, T. : electromagnetic ~moment, B: friction
coefficient, T, : load torque, j : moment of inertia and

P : number of poles. Synchronous speed is equal to rotor
speed and slip speed and it is used in field oriented control
in order to plane transfers.

[13]
[16]

Using the equations above, the speed control of the
induction motor is provided. For this operation, by using
reference speed and motor phase currents, real speed can
be calculated from Eq. 14 and speed error is obtained by
subtraction of these values. In order to compensate this
speed error, it is necessary to change the conduction time
and switching order of the semiconductor switch in the
converter. The practical circuit about the field-oriented
control of induction motor is given in Figure 1.

R S T
Speed controllor / Hiz kontroller l l l
© r i:S VCT ch " 5 .
—>€P—> PI »(O—» PI » d.q > »|  Matrix
4 Y »  Converter
o, e * o v PWM > / Matrix
ds Vi B o Konverter
- 2® > Pl - o,p > -
Field l
Weakening 0
/ Alan igs e
Zayiflatma L, e Y
R . ds ie 1 ;
qs o a
0 + d.q - o,p - )
sl i
b
] ~ >
ig iy i
S C
a, B - a, b ,C |-
6 sl
9 €
0
T
] R
dt 0

/As. Motor

Figure 1. Block diagram of the field oriented control of induction motor

Sekil 1.

Asenkron motorun alan yonlendirmeli kontrol uygulamasinin blok diyagrami
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3. MATRIS KONVERTERDE UZAY VEKTOR
MODULASYONU

Matris konverterde 9 adet ¢ift yonli yariiletken
anahtarlar bulunmaktadir. Anahtarlama sinyaline bagh
olarak her ¢ikis fazi her giris faz1 ile baglanabilmektedir.
Bu durum Sekil 2° de gosterilmistir.

3. SPACE VECTOR MODULATION IN
MATRIX CONVERTER

There are 9 bi-directional semiconductor switches in the
matrix converter. Each output phase can be connected with
each input phase with the switching signal. This is shown
in Figure 2.

Sl
L O/C
S
o = T s v,
o
&
S3
o/c
v, S4 U
Ro ~NYYY o o
Vs S \ v Induction
S o Y o o
Motor
\% S¢ W
To ~NYYY ‘ o o
-
4 1 o
m s Encoder
8 Vv
o/c ¢
/Pozisyon Sensoril
S9
04

Figure 2. Matrix converter circuit scheme
Sekil 2. Matris konverter devre semasi

Konverterin beslemesi 3 faz AC kaynaktan yapildig:
icin anahtarlama esnasinda giris fazlar1 kendi arasinda kisa
devre edilmemelidir. Her ¢ikis fazi anahtarlama siiresince
her giris faz1 ile baglanabilmektedir. Matis konverterin
cikisginda degisik genlik ve frekansta sinyal elde
edebilmek igin Sekil 2’ de gosterilen 9 adet anahtarin
dogru sekilde anahtarlanmasi gerekmektedir. Matris
konverterin  anahtarlanmasi  sirasinda 27 degisik
anahtarlama kombinasyonu olusmaktadir (10). Belirtilen
anahtarlama kombinasyonlar1 Cizelge 1’ de verilmistir.

Cizelge 1° de I grupta verilen anahtarlama
kombinasyonlarinda ¢ikig gerilimlerinin uzay vektdriiniin
faz agis1 giris gerilimlerinin uzay vektoriiniin faz agisina
baglhdir. Ayni sekilde giris akimlarinin uzay vektoriiniin
faz agis1 ¢ikis akimlarinin uzay vektoriiniin faz agisina
baglhidir. Her iki vektoriinde faz agilarinin bagimsiz
denetlenenemesi sebebiyle Cizelge 1° deki I grup
anahtarlama kombinasyonlar1 matris konverter uzay
vektor  darbe  geniglik  modiilasyon  tekniginde
kullanilmamaktadir.

Cizelge 1’ de II. grupta verilen 18 adet anahtarlama
kombinasyonunda ise ¢ikis gerilimlerinin uzay vektoriiniin
faz acgis1 giris gerilimlerinin uzay vektoriiniin faz agisina
bagli degildir. Ayni sekilde giris akimlarmin uzay
vektoriiniin faz agis1 ¢ikis akimlarinin uzay vektoriiniin faz
acisindan bagimsizdir.

As converters take energy from 3-phase AC supply, the
input phases shouldn’t be short circuited during switching.
Each output phase can be connected with each input phase
during switching. In order to take different amplitude and
frequency signals at the output of converter, the 9
semiconductor switches in Figure 2 should be switched in
the right way. 27 different switching combinations come
out during the matrix converter switching (10). These
switching combinations are given in Table 1.

In Table 1, at the switching combination given in Group
I, the phase angle of the space vector of output voltages
depend on the phase angle of the space vector of input
voltages. Similarly, the space vector of phase angle of the
input currents depends on the space vector of phase angle
of output currents. The Group I switching combination
cannot be used in the matrix converter space vector pulse
with the modulation technique because phase angles of
both the vector cannot be controlled independently.

In Table 1, 18 switching combinations are given in
Group II, the space vector phase angle of output voltages
does not depend on the space vector phase angle of input
voltages. Similarly, the phase angle of the space vector of
input currents is independent from the phase angle of
space vector of output currents.
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Cizelge 1° de III grupta verilen anahtarlama
vektorlerinde ise sifir vektorleri elde edilmektedir.
Konverter ¢ikisindan siniisoidal sinyaller elde etmek i¢in
anahtarlama esnasinda sifir gegislerde bu gruptaki
anahtarlamalar yapilmaktadir.

Matris konverter ¢ikisinda uzay vektor darbe genislik
modiilasyon  teknigine gore tetikleme sinyalleri
iretebilmek icin gerilim ve akimlarin uzay vektorleri
kullanilmaktadir. Her anahtarlama kombinasyonu igin
akim ve gerilimin alacagi degerler farklidir. Konverter
giris ve ¢ikis gerilimleri ile giris ve ¢ikis akimlarmin uzay
vektoriindeki ifadeleri yazilacak olursa;
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In Table 1, the switching vector given in Group III, zero
vectors are obtained. In order to obtain sinusoidal signals
from the converter output, during switching at zero
crossing, the switching combinations are used.

In order to produce trigger signals according to the
space vector pulse width modulation technique at matrix
converter output, voltage and current space vectors are
used. For each switching combination the value of current
and voltage are different. The converter input and output
voltages and input output currents in space vectors can be
written as follows;

v :g(vab +avy +a’ v, ):Vi el% [17]
\70=§(VAB+8.VBC+212 VCA)=V0 el% [18]
iz%(ia +aib+a2ic):li elPs [19]
iy :%(iA+aiB+aziC)=I0 el [20]

olmaktadir. o: fazlar arasi giris gerilimleri

vektoriinlin faz agisini, o : fazlar arasi ¢ikis gerilimleri

uzay

uzay vektoriiniin faz agismni, f3;: giris faz akimlar1 uzay

vektoriiniin faz agisim1 ve Bg: giris faz akimlar1 uzay

vektoriiniin faz agisini ifade etmektedir.
2n 2T
a=c¢ 3 , a2 = e_JT uzay  fazorlerini  ifade
etmektedir.
Cizelge 1° de II. gruptaki tiim anahtarlama

kombinasyonlar1 igin ¢ikis fazlar arasi gerilimlerin uzay
vektorleri ve giris akimlarinin uzay vektorleri gizilebilir.
Karmagik uzay diizleminde tim degiskenler 2 diizlemde
deger almakta olup bileskesi gerilim ve akim bilegske
vektorlerini vermektedir. Bu durum Sekil 3’ te verilmistir.

In the above equations, o : Phase angle of space vector of
phase to phase Input voltages, o : Phase angle of space
vector of phase to phase output voltages, B; : phase angle

of space vector of input phase currents, B : phase angle

of space vector of phase  currents.
2T 2T
a:eT, azze_JT
In Table 1, for all of the switching combinations in
group I, space vectors of phase-to-phase output voltages
and space vectors of input currents can be drawn. At
complex space plane, all of the variables take a value in
two planes and their resultant gives resultant vector of

voltage and current. This situation is shown in Figure 3.

output

states space vector.
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Table 1.

Cizelge 1. Matris konverterdeki yariiletkenlerin anahtarlanma kombinasyonlari

Switching combinations for space vector modulation.

Group # Ad A B C VaAB VBC Vca ia ib ic Vo a, Ii Bi
/Grup
1 - a b c Vab Ve Vea iA iB iC Vi Qi io Bo
2 - a c b | -vea | “Vie | -Vap | 1a | ic | ip -V -ot+4m/3 iy -B,
I 3 - b | a | ¢ |-va | Veal|-Voe | ig | ia | ic -v; - i, -B+2m/3
4 - b C a Vie Vea Vab iC iA iB Vi (Xi+4TE/3 io BO+2TC/3
5 - c a b Vea | Vab | Voo | 1 | dc | ia \a o +27/3 i, Bot+4n/3
6 - c b a | -Vpe | “Vap | “Vea | ic | 15 | 1A -V -0 +27/3 iy -B,H4n/3
7 +1 a b b Vab 0 “Vap | da | -ia | O 2/V3 Vg /6 2/v3 ip -/6
8 -1 b a a | -vgp 0 Vo | -ia | dia | O | -2/W3 vy /6 -2/v3ia -1/6
ITa 9| +2 bl c | c | vie|l 0| -vie| 0/ is|-ia]| 273w /6 2/v3 iy /2
10 -2 c b b | -v. 0 Vie 0 | -ig | 1a | -2/V3 vy /6 -2/v3 s /2
11 +3 C a a Vea 0 “Vea | -ia | O | ia 2/V3 Ve, /6 2/V3 ip T1/6
12 -3 a [ C | -V 0 Vea | 1A 0 | -ip | -2/V3 v, /6 -2/v3 iy /6
13 +4 b a b | -V, | Vap 0 ig |-ig| O 2/V3 vy 5m/6 2/v3 ig -1/6
14 -4 a b a Vab | ~Vab 0 -ig | ip 0 | -2/v3 vy 51/6 -2/v3 ig -t/6
b (15| +5 [ c | b c|-ve| ve | O | 0 [ig|-is[ 273V 5m/6 2/v3 ip /2
16 -5 b c b | Vie | “Vie 0 0 | -ig | ig | -2/Vv3 vy S1/6 -2/v3 ip /2
17 +6 a c a | -Veu | Vea 0 -ig | 0 ig 2/V3 Ve, 5m/6 2/v3 ig 71/6
18 -6 C a c Vea | “Vea 0 ig 0 | -ig | -2/V3 v, 51/6 -2/v3 ig 71/6
19| +7 b b a 0 “Vab | Vap | ic | -ic | O 2/V3 Vg 31/2 2/V3ic -/6
20 -7 a a b 0 Vab | “Vap | -ic | ic | O | -2/W3 vy 31/2 -2/V3 ic -1/6
e 21 +8 c c b 0 “Vbe | Vie 0 ic | -ic | 2/v3 Vi 3m/2 2/v3 ic /2
22 -8 b b c 0 Vie | Voo | O | -ic | dic | -2/V3 vy 31/2 -2/v3ic /2
23 +9 a a c 0 “Vea | Vea | -ic | O | ic 2/V3 Ve, 31/2 2/V3ic T1/6
24 -9 C c a 0 Vea | Vea | ic | O | -ic | -2/V3 Ve, 31/2 -2/V3 ic 71/6
25 0 a a a 0 0 0 0 0 0 0 - 0 -
1 26 0 b b b 0 0 0 0 0 0 0 - 0 -
27 0 c c c 0 0 0 0 0 0 0 - 0 -
-7, -8, -9 +2,+5,+8
B A [ )
+4,+5 +6 111 11 +1, +2, +3 -1,-4,-7 -3,-6,-9
v > o
-1,-2,-3 \ +3,+6,+9 +1,+4,+7
+7,+8, +9 -2,-5,-8
(a) (b)

Figure 3. Voltage and currents space vectors
Gerilim ve akimlarin karmasik uzay vektoriinde gosterilisi
a) Space vectors and phase angle of output voltages between line phases/ Fazlar arasi ¢ikis gerilimlerinin u

Sekil 3.

b) zay vektorleri ve faz agisi

¢) Space vectors and phase angle of input phase currents /Girig faz akimlarinin uzay vektorleri ve faz agisi
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Sekil 3’ de uzay vektorlerinde +1,+2...49 ve -1,-2,....-
9 olarak isimlendirilen durumlar Cizelge 1° deki II

gruptaki anahtarlama kombinasyonlarinin uzay
vektorlerinde aldiklart yerleri gostermektedir.
Matris konverterde yariiletkenlerin  bir 6rnekleme

zamani igerisinde ki anahtarlama siireleri ve siralamasimnin
belirlenmesi icin Sekil 3’ te gosterilen gerilim ve akim
uzay vektorlerinden yararlanilir. Cizelge 1° de +1 ile
isimlendirilen anahtarlama durumunun uzay vektoriindeki
yerini bulmak i¢in bu anahtarlama kombinasyonundaki
fazlar arasi gerilimler kullanilir.

Vag =

Vpe =

Vea =

olmaktadir. Cikis gerilimlerinin gerilim uzay vektoriindeki
ifadesi bulunulacak olursa,

VABCs™

dir.
Matris konverterin giris akimlarinin uzay vektorii her
anahtarlama durumu icin ¢ikarilmast gerekir. Cizelge 1’

de II. bolgede +1 ile ifade edilen anahtarlama durumu igin

giris akiminin uzay vektoriindeki degeri bulunacak olursa;

Vo = VABCSZT ab €
3
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In Figure 3, the space vectors +1,+2,...,4+9 and —1,-
2,...,-9 show the place of switching combinations at space
vectors in Group II.

The voltage and current space vectors in Figure 3 are
used to decide the switching duration and rate of the
matrix converter semiconductor for each sample time. In
order to show the space vectors of +1 switching situation
in Table 1, phase-to-phase voltages are used in this
switching combination.

Vab
0 [21]
- vab

Voltage space vectors of output voltages are found as
below:

% [VAB-H:IVBC-H:IZ VCA]

2 4. 6)

(22]

Input current space vector of the matrix converter must
be taken out for every switching position. In Table 1,
group II, for the switching position symbolized by +1, the
input current value in space vector is found as below:

ia:iA
Ip="1A [23]
i.=0
olur. then,
< _ . . 2.
Libes = g 1, +aly+a’i,
2 T [24]
= g = —ipe ©
i abcs 3 A

bulunur. Gerilim vektorii 1. bolge de iken anahtarlama

elemanlarinin iletim siireleri bulunmasi igin;

_ o T
[V | =1V, sm(ao +g]

|V lsin| ag+
IV | _ 6) 2

As voltage vector is at 1. area, conduction duration of
switching elements is found by,

(25]

|<70|:

cos30

(26]

- . T
=— |V sm| o, +—
3 \/5' 0| [ o 6}

2
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- - . (T
[Vy =1V, |s1n(g—ao) [27]
s
19, | |V, |sin . o, i
|V, | = ——= =— | sin ——OL [28]
© cos 30 ﬁ \/_ ©
2
dir.  Sistemin dengeli bir kaynaktan beslendigi If the system is supplied by a balanced source, the voltage

diistintildiiginde gerilim esitliklikleri asagida ki gibi ifade
edilebilir.
5 2 _ 2

LV, -5 =
lﬁab 3\/5

2 6+2

\/g \/g Vea =

V

ca=|

83—

Akim vektorii 1. bolgede iken anahtarlama elemanlarinin
iletim stiresi bulunacak olursa;

e e . T T
lix [ =15 |Sm(g—(0ﬂi _ED

equalities can be explained as follows:

V| =% v, sin(ao +£] [29]
3 6

2o

Vo | = 1V, |s1n[%—a0j [30]

If the current vector is at 1. area, the conduction duration
of the switching elements can be found as below,

[31]
- |i |sin(n—(ai —TED
1= lix [ _ 6 6)) _ iﬁ Isin E_(a. _Ej [32]
! cos 30 \/5 «/5 1 6 b6
2
iy | =i |sin [%+(ai _%n 1331
- | i; |sin n+(ai—nj
1| = [y | 6 6)) _ | i; |sin E+(a<—£j [34]
" cos30 3 \/_ 1 6 b6
2
sr%iA— 5 | =i3| i Isin [%—(%—%D [35]
IIA =T —%| i sin G{ai —ED [36]
64\/—13 =11 |—j§|1-sin(§—(ai—§j] G371
56[13 It |—}|1 sin (g{ai—gj} [38)
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olmaktadir. Matris konverterin ¢ikisinda istenen frekans
ve gerilimin genligi elde etmek i¢in her bir anahtarlama

elemanimin  iletim siliresi  yukaridaki esitliklerden
bulunacak olursa,
31Vl
5 -2 1Vl
31V
Y
84 ="+ | - | sin
3 Vil
8+ _ 2 |VO |
6 e =3
V3 Vi

dir.

Cikis geriliminin uzay vektoriiniin -n/6 < o, < /6 ve
giris gerilim uzay vektoriiniin 0 < o; < /3 olmast durumu
icin verilen ¢6ziimiin diger faz agist degerleri icinde
¢oziilmesi gerekmektedir.

4. SIMULASYON CALISMALARI

Bilgisayar ortaminda simiilasyon ¢alismalar1 yapilirken;
4 kW, 380 V, 6 kutuplu sincap kafesli asenkron motora
ait parametreler baz alinmistir. Bilgisayarda ki benzetim
caligmalar1 C/C++ programi kullanilarak yapilmis ve elde
edilen verilere ait c¢izimler Matlab programi ile
gerceklestirilmistir. Hiz denetleyicisi olarak PI denetleyici
kullanilmigtir. Simiilasyon calismalarinda 10 kHz’ de
anahtarlamalar yapilmig ve sonuglart verilmistir. Girilen
referans elektriksel hiz ile geri beslemeden elde edilen
elektriksel hiz  kiyaslanarak  denetim  yapilmustir.
Uygulamada once 20 Hz referans bilgisi girilmis ve
motorun 0,3 s’ de girilen frekans degerindeki elektriksel
hiza ulagmasi saglanmigtir. Calisma sirasinda motorun
yiiksiiz olarak kalkinmasi baz alinmigtir.

Motorun yiik altindaki ¢aligma durumu 20 Hz igin
konverterin ve kullanilan denetleyicinin tepkisini gérmek
amagli olarak motor 0,3 s’ de kalkindiktan sonra
0,4 — 0,6 s’ ler arasinda 10 N.m lik yiik baglanarak
referans ile gergek hiz, moment, faz akimlari ve senkron
eksen diizlemine (d-q) aktarilmis motor faz akimlari
degerleri Sekil 4’ te ve Sekil 5° de verilmistir.
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In order to obtain the frequency and voltage amplitude
required at matrix converter output, the conduction
duration of switching time for each period is found by the
above equations:

. T) . (@
(oco +gj sm(;—aij [39]

[ao +gj sin o; [40]

For the output voltage space vector -1/6 < a, < /6 and
the input voltage space vector 0 < o; < 7t/3, the given result
should be solved in another phase angle value.

4. SIMULATION STUDIES

While making simulation studies on computer,
parameters belonging to a squirret caqe induction motor of
4 kw, 380v and 6 poles were taken into consideration. The
simulation studies on the computer were made using the
C/C++ programmer and the data obtained from the
simulation was drawn using the matlab program. PI was
used as speed control. For the simulation studies, the
switching combinations were done at 10 kHz, and the
results were given. Input reference electrical speed and
output electrical speed were compared and controlled. In
the practice, first, the reference information was entered as
20 Hz and the motor was provided to reach the electrical
speed at 0.35 fregueny values. After that between
0.4-0.6 s, with 10 Nm loaded, current, speed, phase
currents and motor phase currents value at synchronal axis
plane (d-q) were given Figures 4 and 5.
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Akim (A)

Current (A)

I I I | | | |
0.44 0.45 0.46 0.47 0.48 0.49 0.5

time (s) zaman (s)

Figure 4. The phase currents of the motor loaded at 20 Hz.
Sekil 4. Motorun 20 Hz de yiikte ¢ektigi faz akimlar1 (Agisal hiz =125.6 rad/s)

128+
126 o~

Speed
(rad/s)

124 -

(N.m)

Torque

Current(A)
ia,ib,ic

§ 4 T e e e e T e e 7
Clc.) g 2 L L e e e A LT
g = O g
o
2k ! ! ! !
0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7

time (s)

Figure 5. The study position of motor loaded 10 Nm between 0.4 s - 0.6 s
Sekil 5. Motorun 0.4 s — 0.6 s’ ler aras1 10 N.m yiik altinda ¢alisma durumu ( 20 Hz - 125.6 rad/s)
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Figure 6. The position of increasing the frequency from 20 Hz to 40 Hz

Sekil 6.

Motorun degisik hizlarda c¢aligtirilmasi amaciyla
frekans 20 Hz’ den 40 Hz’ ye yiikseltilmig, bu durum
Sekil 6’ da verilmistir. Motor ilk 0,3 s de kalkindig1 0,3
ile 0.5 saniyelerde bosta galistig1 ve 0,5 ile 0,8 s’ lerde ise
istenilen yeni hiz degerine yiikseldigi esas alinarak
simiilasyon yapilmustir. Sekil 6 da referans hiz ile gercek
hiz ilk bolimde gosterilmistir. Ikinci bolimde motorda
olusan moment, {giincii boliimde ise caligmanin seyri
sirasindaki motor faz akimlar1 verilmistir. Son bolimde
ise d-q diizlemine aktarilmig motor akimlari verilmistir.

Motorun ¢ekmis oldugu akimlardan bir faza ait
harmonik analizi Sekil 7° de verilmistir. Sekil 7° de
goriilecegi  tizere diisik frekanslarda akimlardaki
harmonik bilesenler kiigiik degerlikli olmaktadir. Motor
akimlart incelendiginde, yiiklii caligmada daha diizgiin
akim c¢ekilmekte ve harmonik bilesenler daha diisiik
degerlikli olmaktadir.

Frekansin 20 Hz’ den 40 Hz’ ye (125.6 rad/s-251.32 rad/s) yiikseltilmesi durumu

In order for the motor to work at variable speed,
frequency was increased from 20 Hz to 40 Hz, which is
shown in Figure 6. The motor started first at 0.3 seconds,
worked freely between 0.3 and 0.5 seconds, and increased
to the target speed that was the basis of the simulation. In
Figure 6, the reference speed and current speed is shown
in the first part. In the second part the moment of the
motor, in the third part the motor phase currents while
working dare given. In the last part, the motor currents are
given on the d-q plane.

The harmonic analysis of a phase of the motor currents
is given at Figure 7. As it can be seen in Figure 7, the
harmonic compound of the currents in the low frequencies
are small values. As the examine of motor currents,
currents are more smooth at full load and harmonic
compound are at low values.
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Figure 7. The harmonic analysis of a phase of the motor current

Sekil 7. Motorun ¢ektigi akimlardan bir faza ait harmonik analizi
5. SONUC 5. CONCLUSION

Yapilan bu c¢aligma ile asenkron motor hiz denetiminin In this study, the simulation results of the induction
matris konverter ile denetlenmesine ait bilgisayar motor speed control with matrix converter have been
benzetim sonuglari verilmistir. Alan yo6nlendirmeli given. By using datum’s, taken from the field oriented
kontrolden elde edilen veriler kullanilarak matris control technique, the switching of the matrix converter
konverterin  anahtarlanmast  saglanmistir. Konverter ~ has been provided. At the converter output reference

cikisinda, 2 ile 50 Hz arasinda ayarlanan referans
frekanslarda, PI  denetleyicide aym1 katsayilarin
kullanilmas1  durumunda motor hizinda salimimlar
meydana gelmistir. Motor karekteristiginin dogrusal
olmamasi1 ve motor dinamik denklemlerini olugturan
degiskenlerin hiz ile iligkisi olmasi kullanilan PI
denetleyici katsayilarina etki ettigi goriilmistiir. En iyi PI
katsayillarmimn  elde edilmesi igin  yapay zeka
uygulamalarina ihtiya¢ duyulmakta olup egitme islemi
gerceklestirilmelidir. Egitme isleminden elde dilen veriler
kullanilarak uygun PI paremetreleri elde edilebilir.

Yapilan benzetim c¢alismalarimin sonucunda, matris
konverterin yapisal olarak asenkron motor hiz denetimi
icin uygun oldugu ve olusan harmoniklerin kiigiik
degerlikli olmasi1 sebebiyle ileriki dénemde endiistriyel
uygulamalarda  kullanilabilecegi bu ¢alisma ile
gosterilmistir.

frequency adjusted between 2-50 Hz, oscillation on the
motor speed, if it is compared with PI controller occured.
Because nonlinear motor characteristics, are not lineer and
motor dynamic equation variables are related with the
speed the PI controlling coefficient has been afected. In
order to have the best PI coefficient, it is necessary to have
artificial intelligence practice which requires training. By
using the datum of the training process, suitable PI
parameters can be obtained.

As a result of the simulation studies, it is shown that the
matrix converter is suitable for induction motor speed
control and because the harmonics are at little values,
because they can be used in industrial applications in the
following years.
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