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Abstract

This research presents the controller design of buck-boost converters using the
artificial intelligence technique called the adaptive tabu search method. The aim of the
proposed design method is to achieve the best output performance. For the most research
works, only the best output performance is considered during the searching process.
Unfortunately, the resulting controller parameters cannot be implemented because of the
control signal limitation. Therefore, this research will present the optimal controller design
using the adaptive tabu search algorithm to regulate the output voltage of buck-boost
converters in which the control signal limitation and stability analysis are included into the
searching process. As a resulting, for each iterative, the controller parameters are determined
via the proposed algorithm to achieve the best output performance with reasonable control
signal. Moreover, the system is confirmed to operate under the stable operation. After that,
the resulting controller can be implemented. The simulation and experimental results are used
to validate the theoretical results. The results show that the system with the controller
designed via the proposed technique can provide the best output performance compared with
the conventional method. Importantly, the resulting controller can be implemented for the

practical system.
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UNUARNTI D

fa
fd
o

1 1

1
2 2 2

A 1
uag 6 A9 HUTEHINUNU o Lagini d
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o w J

aauae laziimsutasdaiunnsanalulszaeuaie q nedenssuaaauves

v v Y
seuulugii 2.1 Falineazidoansae i

U

221 MMmumMutazaunigINvaIaYds

Source Bus AC Bus

R L

Ve, VTSN
Req Leq Iabc

Voo AM YN —_—

L
Ve, Rea 2,
e AVgpe ————

{ v 9 @ { 0 v o w 9
11 2.4 dadmmunazaamiienihwesaedaiias IWihawmla

1317 2.4 @Adumunazaaniisniwesaeaatias luii (ong, 1998)
= I a 2 a o A [ 1 v
awsodewiluiersauyadaa 1d lasuduinsannnussauianasoudieds (AV,,, ) ¥

' ldasaumsn (2-4) Ao

=Rl +Ld

AV, eq ' abc eq a

abc

(1ae) (2-4)

Mnaumsi 2-4) wdunidulsiduglFua 3 wla dsinged Feaunsouladdiidu

¢l
Y
WS 2 e vuunuanl Tagedomas ngmauilasdad (K) Tadail

KAV, = R (K ™4 )+ L %(Klldq)

. ) d,
KK™AV,, = R (KK, )+ Lqua(K gq)

d,, .
AV, =R, +Lqua(K gq)

g = Meqldg
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d, d
AV = Rylgq + Lqu(aK ljldq +L, (aldqj

’ -1 0
) K(—Klj— 0
dt
0O O

9
v aa

wiuag lagumsvesinuanAsoNdINogUULNUAR AN (2-5)

AV, Iy Iy -1,
AVy, = AV, =Ry | +Lhy| . |tol, ) (2-5)

{ 0 3 a 1 o o o !
Mnaumsh 2-5) aunsodunadrailuicesauyadnivesaedaias Inlihldaagali 2.5

Req Leg w wa\'w
AN\ 7YY Y\ A -
—_ _/
Isd
Req Leq @ L;iq\ISd
o Y'Y Y\ f °
E— N\
lsq

' '
Aaa A aAa o 9 % =

31 2.5 295 EuyaRRIMINANNdIR MUz A I Tienhivesaedatias Wi



222 adudulszquasmaas

AC Bus

Vabc

Iabc

lAIabc

51 2.6 FuRvszguesaedamas luih

13

! =] 1 o W
131l# 2.6 daRpszguesaeasmas lihawmaamnsodiowduis

a A { 1 v < % o
auyaana ld lagnnsannnnszua b lvarmudunulsey (Al,,) Fadualdain

AuMIN (2-6) Ao

Al =C, L (v,)

abc eq a

[ 1 ] a Y a 4 e
mmsudasaumsi 2-6) eguuunudaaTasodomaing K lasail

KAl =C, %(K—lvdq)

KK Al =C,K %(K-lvdq)

d, _ d
Aly, :Cqu(aK l)qu +C,, (avdqj

(2-6)



g 0 1
k) K(EK*]:@ 1 0
0 0

12 1 daumsvesnseua Wi lnashus iy LYUUUNUARA faaumsh (2-7)

MnaumMsh 2-7) awnsodinadnasauyadaivesaedemas Wil 1dasgla 2.7

3

1

A
N

L
VbUS,d T Ceq wCqubus q
- o
L
Vbus,q T @C quusd
- O
2.7 WsauyaAniRannduRUlszyresaedamae Il

14
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223 wuUdIaesvedIsnsaaenseuamuila

A =3 9 A
3‘]J‘I/I 2.8 ’N‘UﬁlﬁENﬂi%uﬁ’ﬁWmWﬁLm%ﬂ31%@114!1/111!341!!,1&’@@1!

Y 1 1
wsFeanszuadaadniulaeldlalon 6 @1 uaasldnagli 2.8 1o
[ [ I o 1
uaausedu Iihnszuaaduuuvamumlaiuussduldfhnszuaass wann L, luaeds
maelifhadiaetsasSeanszuaamle azvildinayumaon (overlap angle) v11¥usaau
¢ 2 ~ vy Vo Y v s
1AnAan mansenulamsainsanuny lddrems ladadiumu R, nedueidnaves
2993(384nT2UAMUNT (Mohan, Underland, and Robbins, 2003) Tagfian R, amisafiuim

Tannaumsn (2-8)

R _ 3oL,

1

(2-8)
7

Y a 4 { A {
Wandumsaiatvesnesizeanseuaamannnsan Tngldnnudyagiu (Sakui, Fujita, and

Shioya, 1989) naas ldasgili 2.9



Sm
Sa

Sp

Se

I_‘ ot

A o a d¢ = A J
gﬂ‘ﬂ 2.9 ﬂluﬂluﬁuﬂﬁ’d’JG]"]fGUEN’Ni]‘ﬂiENﬂimlﬁﬁ'ﬁuﬂﬁl!ﬂﬂﬂiﬂﬂ

A = < Y v A A
N3N 2.9 aunsadewiluaums lassaunisn (2-9) Ao

abc —

A A A o = A 1 d v A X A -
53] ¢ ﬂf]‘lgmﬂﬁﬂﬂ’ﬁlf]% ag Sm ﬂ@ﬂ?ﬂ@ﬂﬂlﬂﬂﬁﬂﬂ%uﬂﬁﬁﬁﬁ% FINAUNINY

o Jd o a  d ] a @ a2 4
mmsulasfendumsaiagideoguunnuaai lagordomaing K @

Se =K

S

q

-S

=S, sin[a)t—%[ﬂzﬁj

sin(awt+¢)

_sin (a)t —4?7[+¢j_

abc

}z

3 T Jd o A oA ]
mnualn 6 = ot=" 4, v lalansumsadainoguunny

J b

aAAa o

AAIAIENAITN (2-10)

16

(2-9)
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A

A = = (4
o ¢ Ao yulavewny d MeUALIY o

a [ Y4 1 9, 9 A 9 a a
Wﬂﬁnn‘mﬂammmumzmwmzuﬁ'lﬂﬂmnmuﬂguqmmzmun%gu

o

= A Y o J o A A
EU'[’)\T'Nﬂﬁliﬂﬂﬂﬁgllﬁﬁ'"mlw/ﬁalugﬂﬂ 2.7 fﬂgulﬂﬂj'lilﬁmwu‘ﬁﬂﬂﬁllﬂ']ﬁﬂ (2-11) Ao

in,abc = Sabc I dc (2'1 1)

o A Y aa o a 4 Y v o J
mmsuasaumsn 2-11) Teguuunuaailasordomwnsng K a2 Idaumsanudunus

Y { [ Aa o { [ 4
yoanszud Iihieguuunuanineaunsi (2-12) Al

K-1 ZK'Sabcldc

in,abc

lin.d _ Sq i
inaq _{Iin,q}_{Sq]ldc 12

a [ 1 4 1 1Y 9 9 a 9 a a
WﬂW'EmWW”Iﬂ’J”I‘JJﬁﬁJWM‘Eﬁzﬁ’JNLﬁQQHIIWWWQWMTJQMQNLLEI%@WMY]@]EJQ?JGU?N

o

~ A Y o J o A A
esireanszuauuudmlalugl 2.7 a2 ldanuduiusasaunsi (2-13) Ao

Edc,l = SZb V (2-13)

c ¥ bus,abc

° H [ aa o a o o 4
mmsuwlasgunsn 2-13) Glﬁ'aguuuﬂuﬂmiﬂmnﬁammﬂcn K ' ldaumsanudunus

v H 9
youssau Ilhfeguunnu@fIfsaunsi (2-14) asil

Edc,l = (K-lsdq )T (K-lvbus,dq )

Eues = Siq (2-14)

(K (KW

bus,dq
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4 a 4 L] . v ¥ —
Woweasng K Tamaniailuee InInuea (orthogonal matrix) aany K™ =K' az'ld

Vb d
Edc,l = Sgq\/bus,dq = I:Sd SQ] \V/ ;

bus,q

Eoca =SeVousa + qubus,q (2-15)

d' = ~ aa é =
NAUNITN (2-12) Lag (2-15) FIWITOVIUNITANYAVDINITLTIINTSHAUULNUAND HIY

o Y 9 o { 1 o Y {
anvazAmeNTHdeula AvgU 2.10 Tagh S, uag S, Al lannaumsi (2-10)

lin,d R,
4+ — 1:S, R 'VL} N °
Vbusd 3 gJ_ lac
M L Edca Edc
+ "9q
°

311 2.10 293 snTZ LA aNOgULIAUARY

224 993aUYAANIVBITZUUIIN

v 9

a o A ) ' v
ﬂ1§53ﬂ30ﬂ5ﬁﬂﬂﬁaﬂ'}ﬂlﬂﬂ AATUNTULASAUNRUIIUIUVDIT YA ﬁjlﬂﬂﬂ§$i}

U

D.

H Y 9 o

YOITYEA Haz9vsiseanseuanaivu e 2.2.1, 2.2.2 way 2.2.3 @sarnvey

=

o Yo A I aa y T A
5'33Jﬂuul,ﬂ Qiﬂ‘ﬂ 2.11 G]NL‘]JH'J\?ﬂiﬁuyaﬂullﬂu@ﬂjﬂ’lﬁﬁ\ulﬁa\iﬂ’lﬂﬂlﬂﬂigﬂﬂiugﬂﬂ 2.1

U
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l . Sd R‘u
— AN °
lind + +
T Idc
a)Cqubus,q
Eca Edc
1:5,
_> + I-
I in,q
sq
Vg Vbus,q__(:eq wCqubUSE g

d' aa Y 1 1
gﬂ‘ﬂ 2.11 'Ni]iﬁllisllaﬂﬂ"]ﬂl@\ﬁﬁUUWWG%QLLWGQ%W&’@”MW\I@T

A P A
WTAWHUMNINNDF TUFN 2.12

~ d o Y aa
E‘]J‘V] 2.12 LHUMNNINRBS a5 uMsulasan?

1 e a 1 Aa
103U 2.12 dszneudies unu of Miluunudredluiinsvyu unudaill
1 [ 9 a 1 @ 1 A v d' v 1 1 =) v
YA AN UUANSNBUNINY ¢ dau V, Ae ussaumlaniiaunassie uag V,,, Asuseau
Y : @ Jd o a J
wavaed FalszainaldiyuaassnuiandunsadadvesesBeanssuaaule (S)

o A oA

EEETN Yo ¥ a o 7o a o
MNUNUNTINY ;j’mﬂ"lﬂmmmimmu d NH?JW\IE‘W]?QﬂUHNﬂJ@QﬁQﬂ‘HHﬂTiE‘T’J@% NIDUUAD
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4

° "o 4 A < o a ¢ = <

Mruald ¢ iy ¢ e ldtSunaveslensumsadaguuuny q Jantlugud iduns
] o 9 o =\ [ g}/ J v a Ja FY
FrvaanNuFuFou lunuuTasvevsFenszudamud asiuangumsaiasaoula

AaUNITN (2-16)

3 243 |1
2.2 2-16
: { } 216

Y
(% U [ Y

4 a 9y @ 1o o
uamﬁmmnmmﬂmam 1515 ’J‘]J‘jug]mmmﬂmuuummm I AIUUFTVUITOATIUIUN
A

]
v = [

v A o o aAAa dy
UIAUNUFLW YU ULNUAN D (Vsdq) AFUNITN (2-17) AU

V, 4 = {Vs" } =3V, {Cos(ﬁ)} (2-17)

sin(4)

2.13

=).

Req Leq wleglg 1:Sq4 R,
I s Tn; T A% T
sd |
L 1 T dc
Vi d(—) VbUSvd—_Ceq ©CeqVbusg Eqgc1 Edc
Req Leq wLqud
A
| + Iin,q: 0
sq
i L
VSq Vbus,q Ceq @CeqViusd

~ Aa Y o A
U 2.13 293ErUyAARIveITTUUN A A e il S, =0
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d

a d o nd'd | Y o da
2.2.5 miwgwm!mumaawmazuumimmﬂmamuﬂmwmmuuﬂn-uaﬂn

U

A o 9 aa Y o o £ 1Y
Lll’EW]"Iﬂ"IﬁﬁiN’Ni]iﬁlliql‘a@ﬂ?ﬂlﬁ]\ﬁ%ﬂﬁ‘ﬂ"l\?PQJQLL‘Haﬂ%"lflﬁTllW]ﬁLﬁﬁ]ﬁuua’J

[
~

' =< o o v o AN 1A @ o A ' Yo
ao luh Tnaasrsuasdunuuiian-yadn hifidnuquuisiinisisende uaasladegla

G

2.14

Req I—eq COLeq|q |_f Q

_ . ¥ m + -
lsg 7 |dC _n_u(t)g L :
Vg Viusd [, CoaViusa Baer  Eoe Ve C ViR
[

— + —
ing— 0

yaN
3

C
AY

—

-
f=
+

Vsq Vbus,q Ceq @CeqVus d

311 2.14 29seuyavesszun TWihannsanuuunumyuaa)

a 4 o o Aa o 14 I .
ﬂ'li’)l,ﬂ51$°ﬂW'IL!,‘]J‘U%TG@Qﬂ%ﬂnuuﬂ'liu'lﬂ{]"Uf]\?l;ﬂf]iclff]w’l/\l (Kirchhoff's law)
9

a J A = o J Yo A
3J1'3Lﬂ§131/i’3\1%51u§1]1/] 2.14 G]N“]j@ﬁuﬂ'l'if]‘lélwu‘ﬁ Llﬁﬂﬂllﬂ JU
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. Re l 1
Isd == I—e: Isd +a)|sq _L_eqvbus,d +L_eq\/§'vs COS(A)

0 Re 1 1 .
Isq =-oly _L_e: Isq _L_eqvbus,q +L_eq\/§'vs Sm(ﬂ’)

-1 3 243
Vbus,d = C—eq Isd +wvbus,q _\/;' 7Z'Ceq IdC

. 1
Vbus,q = C_ Isq _wvbus,d

eq

. 3 2\/§ (Rﬂ+Rf+Rc) 1 RCU('[)

Idc: E busd — dC__VdC+ IL
7zl L L L,

. t

Vdc :ildc_U( )IL
C, C,

N :u(t)v _1—u(t)V

L L de L o

. 1-ult 2-18
Vo = U( ) IL _ivo ( )

C RC

A A v a o @ v s Yo A
$\)3} U(t) ﬂeﬁqmsumsmmmm:mmﬂmwmmumﬂ-yjam Llﬁﬂﬁqﬂ@QﬁNﬂTﬁ‘ﬂ (2-19)

1 0O<t<dT
u(t)= (2-19)
0, dT,<t<T,

) A 4 ~ = Aa 4 A I
LL‘Ull%Ta@\‘l‘iflﬁﬂﬂmﬁ”lﬁﬂimluﬁﬂﬂﬁﬂ (2-18) WUNUNITINNDT U(t) myu

Jd v { a a o a J o
WINFUVDIIa (time varying) ‘ﬁlﬂﬂ%TﬂWi]@]ﬂiﬁ3JﬂTi'VINTLlGU’ENﬁ?@]ﬂfﬂ]ﬂ\iﬁ\‘]ﬁ]illﬂﬁ\‘mu

v J IR 9 o ° Y I o A 2 AL Y
LLUUUﬂﬂ-uﬁ@] mmmmmsuﬂaumuma@ﬂmﬂmmumam‘ﬂ‘lmuﬂm’am Tﬂﬂiu‘ﬂu%g‘lﬁlﬂ

1 v 1 ' Y
FaundeiSgianiuzna il Felineazidoadas Tl

Taea'l) dyape £ (t) 1o q Wdludygrasieay Fdlnudu T aunse

] Y
Woulieglugilounsuyf§iesiTadou (T.W. Gamelin, 2000) Tdasaunisf (2-20) fil

F(t)= 2 (X), (t)e" (2-20)

0
k=—o0

[
a

'
o (X), (t) fio dulszdAntyfaiwdFadou mldnn
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1 -
—_ 7kast -
<X>k (t)—?J. f(t)e " dt (2-21)
t-T
A 27
Taon o, = —
T
vaa o I o a £ |a Jd Aa 9 ) [ a 4
ﬂmﬁuuwﬂmgﬂummﬁnﬂizﬁmwjiwimwau TINITUNITNGIUN

upuassnuadiamaaivesszuy Iihmdalugli 2.4 TaeldisaundelSgiianiuy

v Y
RYSTRTERY

[

1 H Y
Auauiavedns Msasumlasnunar uaadlaasaunsi (2-22) asil

d .
a<x >k - <&>k - Jka, <X >k (2-22)

v 4
auantAvesnudiusveImsgu uaaslddsaunsi (2-23) aail

<XY>k :Z<X>k—i <Y>i (2-23)

[

Y A U a 1 A Aa L%I [ Y o A dy
o f (t) A9 A1933 (MITINNAVUIN tytywmswmu) Llﬁﬂﬁllﬂﬂﬁﬁﬂﬂﬁﬂ (2-24) A3U

<X>7k:<x>k:<x>k (2-24)

a,

d'dy 1a 14 a v W =2 Y v o
Tuntiaz lunnsawavesss lutinsuauge 1 ldnsiszunaduaugud

Jd a
(zero-order approximation) UDIDUNTY 1{)!%&815 Fatou (Mahdavi, Emadi, Bellar, and Ehsani,

[
=

1997) Tasisuduninsandyanumsadag u(t) dagui 2.15

G
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u(t)

0 dT, T,

A o a o o o o
:.jiﬂ‘ﬂ 2.15 illuiLﬂmﬂ1iﬁ’N]“lﬁJﬁN’Nﬁ]illﬂaﬂwulmﬂﬂﬂﬂ-ﬂ”ﬁ@

4
a %

LY a a J a 9 a o Y
ﬂ'lTVi'lﬂ'lﬁll‘]Jigﬁﬁ‘ﬂ‘ﬁﬂjilﬂiL(’]NCH'OUGU'OQﬁﬂlfll'lil!ﬂ'lf!'ﬁ'N]"]ﬁl'EN'J\ﬁ]ﬁLL‘]JaQNu

g 9

U

o J o { 4 a v o Jd o 9 I3 P
puwian-yaalugli 2.15 wennsanmslszanasuaugud v ldTassmualiar k =0
4

uazunue u(t) NNAUNITN (2-19) aaluaumshn 2-21) a1a

a £ ' v W 4 @ a 4
szszlﬁmsﬂnmmmamuquﬂmm UUIUNTTINY ﬁ’f)
<U>0=d (2-25)
A A ' v W o o v J 14
wo d Ao f"l"lflg]i]ﬂ'iﬂﬁTl"I\ﬂusU’t’)\i’J\ﬁ]iLL‘]JﬁﬂWHLL‘]J‘]J‘]Jﬂﬂ-‘]aljﬁ@

dmSualsanuzvownuiiaesluaunsi 2-18) awnsodeulioglu

a

o < Jd a v v J o { [ <
sidmlszansfses Fadousuaugud naadladeaunsi (2-26) asil
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P S
-—
o

By ~— ~—"
o
Il
-
e}

= Vbus,q (2-26)

o~~~

<

T
-

~ ~—
)

I

-

<
I
<

d' gas 1 d' a a ] a 4
vndumMsn (2-18)  awsaldisaunaeligiaaiugnaldigeinm

o 2 Y a A o A £ @a S a 9 I o
ISINIR NG IN] Tﬂﬂﬁuﬁuwfﬂ'ﬁmﬂﬂﬁuﬂigﬁﬂ‘ﬁﬂjilﬂilf’]f\?clf@uell@\i Isd L‘]Jumuﬂiﬁmuwm

Y
v A

o Aq ¥ A 4 9
Llll1J5]1aa\iﬂclalfﬂ'liﬂﬁgu'lmﬂ'l@u@ﬂﬁuﬂ Llﬁ@\ivlﬂ@\iu

<|;d >0 =- E: (Ia)o+o(ly), —%q(Vbusyd ), +L%€vm cos(A) (2-27)

q

NAUMIT (2-27) annsaunu (Ly), =y, <Isq>0 =1, 10g (Vo g >O =Vys g 9 10NN

a o J o a o A ] 1 1o @ { [ -
LG]N@HW‘Ll‘ﬁ‘lJf’NLL‘]J‘]Jﬁ]”Iﬁ?JQL‘INWEI’J@]‘ﬁllu%uﬂgﬂﬂnaulﬁﬂﬂﬂﬁﬁllfﬂﬁﬁ (2-28) At

. R
ly =——" 1y +ol, —LVMS’d +i\/§Vm cos(4) (2-28)
L L L V2

q q

{ 4 a o a Q( 14 I o
NNAUMIN (2-18) WonnsanduilszansiSeives I, Wudulsaoue
o o a ] [ a @ 4 ) a [
Yo UuTIaee Audumssuaeny |, 1wldgumasieyiusvewuusiaousinaia

v Y
LAAIAITNNITN (2-29) AN

. R -
<Isq>0 :_a)<lsd >0 _Le_j<|sq>0 _L%q<vbus,q>o+l_%q\/§vm SII’](/’L)

. R
Isq = _a)lsd _ﬂ Isq _ivbus,q +i\/§Vm Sln(l)
Leq Leq Leq 2

(2-29)
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dmivawlsaaiue V., Vosar laer Ve, 1o wag Vy anuuns

] = 9 k) a v J o [ ~ =
FURAYIND Isd Hag Isq ﬂ$ulﬂﬁﬂJﬂ15l"]f\1@1élwu‘ﬁell@\‘]LL‘U‘U%’]@@Q@Q@TNﬂ’]iW (2-30) 93 (2-35)
4

AuAALAIT

. 1 3 23
<Vbus,d >0 = C., <|sd >0 +a)<vbus,q >o _\/;' 7C,, <Idc >o 030
Vbl:S,d :Ci Isd +a)vbus,q _\/gzc£ Idc
eq 7 €q
1
<Vbus,q> :C_<Isq>0 a)<vbus,d >0
0 eq (2-31)
1
bus,q zc_lsq_a)vbus,d
eq
. 3 23 (R, +R +R,) 1 R, (u)
<Idc>0 :\/;'”_Lf<vbus,d >O _#L—f<|dc>0 _L_f<vdc>0 + Lf ° <IL>O (2-32)
L] R R R
Idc :\/g' 2\/gvbus,d _( il C) Idc_ivdc*'RLdlL
2 mly, L Ly Ly
1 (u)
<Vdc> ZC_<IdC>o C0<IL>0
0 f f (2'33)
. 1 d
VR P
d f d Cf L
(u) 1-(u)
| =100 0 (v
(1) =), -, s
d 1-d
IL _Ivdc_ L Vo
1—(u) 1
V) = 0] —(V
0>O C < |—>0 RC< 0>0 (2_35)
v, =% |- R1CV°
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A = = ° a J ° (g
INAUNITN (2-30) DI (2-35) ﬁ']iJ'IiﬂLﬂJle!Ll“]J‘UﬂWﬁfJ\i‘ﬂ%‘lﬂﬂmﬁWﬁﬂiiugﬂﬂl@\umUﬂ1aﬂﬂﬁ’J

nisaoug 1dasaumsn (2-36)

x = Ax+BU (2-36)
y =Cx+Du

de dwdsaeuzde x=[1. I V V LoV, I, V[
b - sd bus,d dc dc L ¢}

sq bus,q

ouna Ao u=[V,]
4 A

.
wwnaae y=[l, Vi 1 V]

(o}

[ Yo 9
wazsiwavideaues A, B, C uaz D luaumsh (2-36) uaaselanail

- )
- 1 0 0 0 0 0
Leq LEQ
R
p R— 0 S 0 0 0 0
Leq eq
1, 0 Y ﬁ& o o o0
Ce 2 7zC,
0 1 - 0 0 0 0 0
A= Ceq
0 0 ﬁ'Zﬁ o _[RAR+R) 1 Rd
2 7L, L, L, L
0 0 0 0 1 0 _a 0
C, oF
0 0 0 0 0 d 0 1-d
L L
0 0 0 0 0 0 1-d 1
L C RC _18x8



J3-cos(2)
L,
J3-sin(4)
L,
B 0
0
0
0
0
L 0 18x1
00001000
C_00000100
“looo0oo00O0T10
0000O0O0TO 01
D=[0]

2.2.6

4x8

\J U
NIrIA A ‘luamazmm
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A a2 J A = a S @ 1 J v 3
Lummﬂiummﬂm B voeaunin (2-36) NWWi'liJlﬁﬂiﬂﬁlﬁllﬂJVIiﬁJﬂ'lﬂg HU

A A 1 [ 1 o [ o P 9 a 4
A9 A visemanuamundserNianrasnetaziaed G]N’(?Hllﬁﬂﬂ11ﬂﬂ1ﬂﬂ1‘i’3lﬂi1$1’iﬂﬁ

Tnavesmas lilihluannzegia Tasinsanldilumedamilarlaiie ¥ ieaemsinm

1A 9| U d' S r 9 [ g’/ d‘Q [
l,l,’dZU]JllWi]Tiil!1?]’311&]U]JV\IV\IT’U@Q’(?H8ﬁﬂlﬂﬂdﬂ1ﬂhﬂ1‘u’ﬂﬂh1ﬂ muuszuuwwmsmmﬁmmgﬂ
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o ! a 4
%%%%%%%% MUUAATNITIUADIUDITESU U %%%%%%%

Vs=15*sqrt (2) ;
d=0.5;

f = 50;

Reg=0.2;
Leg=100e-6;
Ceqg=2e-9;

Rf=2;

Lf=88e-3;
Cf=188e-6;

Rc=3;

R=80;

L=15e-3;
C=1100e-6;

tstep = le-5;
tcheng = 10;

Lt = 20;

w = 2*pi*f;

Ru = 3*w*Leq/pi;

R total = Rut+Rf+R;
[r,Z] = cart2pol (Req,w*Leq);
Sd = sqgrt(3/2)*2*sqrt (3) /pi;
G=d/ (1-d);

GI=sqrt (3)/(sd);

%%%%%%% g lsunsumsAumaieITuetiaau - dy  %%%%%%

Vbus (1)= 15*sqrt(2);
Lamda (1)= 0.1;
EV=100;

EL=100;

ES=1e-10;

k=1;

clear j

while EV>=ES & EL>=ES

Idc o = GI*abs ((Vs-Vbus (k) *exp (-j*Lamda (k) )) / (Z*exp (J*r))) ;
Vo o = ((G*3*sqgrt(3)/pi*Vbus (k))-(G* (Ru+Rf) *Idc 0));
P out = 1/R*Vo 0"2;
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P loss = (Ru+Rf)*(G"2)*Idc o"2;

dP_out Vbus = 2/R*Vo o* ((G*3*sqrt (3) /pi) - (G* (RutRf)
*GI*abs ((Vs-exp (-j*Lamda (k)))/ (Z*exp(3*r)))));

dP_out Lamda = 2/R*Vo_o* (-G* (Ru+Rf) *GI*abs ((Vs-(-J)
*Vbus (k) *exp (-J*Lamda (k) )) / (Z*exp (J*r))) ) ;

dP_loss Vbus = 2*(G"2)* (Ru+Rf) *Idc_ o*GI

*abs ((Vs-exp (j*Lamda (k) ))/ (Z*exp (J*r)));

dP_loss _Lamda = 2*(G"2)* (Ru+Rf) *Idc_o*GI*abs ((Vs-Vbus (k)
*(-j) *exp(-j*Lamda (k) ) )/ (Z*exp (J*r)));

J(1,1)= Vs*cos(r-Lamda (k) ) /Z-2*Vbus (k) *cos (r) /Z
-1/3* (dP_out Vbus + dP loss Vbus);

J(1,2)= Vbus (k) *Vs*sin(r-Lamda (k))/Z
-1/3*(dP_out Lamda + dP_loss Lamda) ;

J(2,1)= Vs*sin(r-Lamda (k))/Z-2*Vbus (k) *sin(r) /Z;
J(2,2)= -Vbus (k) *Vs*cos (r-Lamda (k) ) /Z;

F(l,1)= Vs*Vbus (k) *cos (r-Lamda (k) ) /Z-Vbus (k) *2*cos (r) /Z
-1/3* (P_out+P_loss);

F(2,1)= Vs*Vbus (k) *sin(r-Lamda (k) ) /Z-Vbus (k) *2*sin(r) /Z;

DX = -inv (J) *F;

Vbus (k+1) = Vbus (k) + DX(1,1);
Lamda (k+1)= Lamda (k)+ DX (2,1);
EV= abs (DX (1,1)/Vbus(k+1))*100 ;
EL= abs (DX (2,1)/Lamda (k+1))*100;
k=k+1

end

%%%%%% %% Namagvod 1sunsuy %%%%%%%

Lamda = Lamda (k)
Vbus Vbus (k)
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MANUIN 1.2 15UATUAINTUMTAUIUWINANTADUAUDY 1INUULTIADIN
A o = A Jaa < o v o <
AR EAIV0ITFenssuad i auuuuT eI Tnaaiureesuasduuninian-yeaa
dd’ A o
nitid lifidanauau

sk ke sfe sk sk sk sk sk sk sk sk sk sk sk sk sk sk skeosk skeosk sk sk sk sk sk sk sk sk skeoske sk sk skeoske sk sk sk sk sk skeoske skeoske skeoske skeoske skeosk sk sk sk sk sk sk skeokeoskokeoskoskoskoskok ko skok sk

o ! a 4
%%%%%%%% NI UAATNITTUODTUDITSUD %%%%%%%

Vs=15*sqrt (2) ;
d=0.5;

f = 50;

Reg=0.2;
Leg=100e-6;
Ceqg=2e-9;

Rf=2;

Lf=88e-3;
Cf=188e-6;

Rc=3;

R=80;

L=15e-3;
C=1100e-6;

tstep = le-5;
tcheng = 10;

Lt = 20;

w = 2*pi*f;

Ru = 3*w*Leq/pi;

R total = Rut+Rf+R;
[r,Z] = cart2pol (Req,w*Leq);
Sd = sqgrt(3/2)*2*sqrt (3) /pi;
G=d/ (1-d);

GI=sqgrt (3)/(sd);

%%%%%% MuaumMsns Inaveamaa llih %%%%%%

Vbus (1)= 15*sqrt(2);
Lamda (1l)= 0.1;

EV=100;

EL=100;

ES=1e-10;

k=1;

clear j

while EV>=ES & EL>=ES

Idc_o = GI*abs ((Vs-Vbus (k) *exp(-j*Lamda(k)))/ (Z*exp(j*r)));
Vo o = ((G*3*sqgrt (3)/pi*Vbus (k))-(G* (Ru+Rf) *Idc o)) ;

P out = 1/R*Vo 0"2;

P loss = (Ru+Rf)*(G"2)*Idc 0o"2;

dP _out Vbus = 2/R*Vo o* ((G*3*sqrt (3)/pi) - (G* (RutRf)

*GI*abs ( (Vs—exp (-j*Lamda (k)))/ (Z*exp (j*r)))));
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dP_out Lamda = 2/R*Vo_o* (-G* (RutRf) *GI*abs ((Vs-(-J)
*Vbus (k) *exp (-j*Lamda (k) ) )/ (Z*exp (J*r)))) ;

dP_loss Vbus = 2*(G"2)* (Ru+Rf) *Idc_o0*GI

*abs ((Vs-exp (j*Lamda (k) ) )/ (Z*exp (J*r)));

dP_loss Lamda = 2*(G"2)* (RutRf) *Idc o*GI*abs ((Vs-Vbus (k)
*(-j) *exp (-j*Lamda (k) ))/ (Z*exp (J*r)));

J(1,1)= Vs*cos (r-Lamda (k) ) /zZ-2*Vbus (k) *cos (r) /Z
-1/3*(dP_out Vbus + dP loss Vbus);

J(1,2)= Vbus (k) *Vs*sin(r-Lamda (k)) /Z

-1/3* (dP_out Lamda + dP_loss Lamda);

J(2,1)= Vs*sin(r-Lamda (k))/Z-2*Vbus (k) *sin(r) /Z;
J(2,2)= -Vbus (k) *Vs*cos (r—-Lamda (k) ) /Z;

F(l,1)= Vs*Vbus (k) *cos (r-Lamda (k) ) /Z2-Vbus (k) *2*cos (r) /Z
-1/3*(P_out+P_loss);
F(2,1)= Vs*Vbus (k) *sin (r-Lamda (k) ) /Z-Vbus (k) *2*sin(r) /Z;

DX = -inv (J) *F;

Vbus (k+1) = Vbus (k) + DX(1,1);
Lamda (k+1)= Lamda (k)+ DX(2,1);
EV= abs (DX (1,1)/Vbus (k+1))*100 ;
EL= abs (DX (2,1)/Lamda (k+1))*100;
k=k+1

end

Lamda = Lamda (k)
Bl=(1/Leq) *sqrt (3/2) *cos (Lamda) ;
B2=(1/Leq) *sqrt (3/2) *sin (Lamda) ;

%%%% AU luuasng A B C 1ag D %%%%

A = [-Req/Leg w -1/Leg 0 0 0 0 O
-w -Req/Leq 0 -1/Leq 0 0 O
1/Ceqg 0 0 w -Sd/Ceqg 0 0 O

0 1/Ceg -w 0 0 0 0O

0 sd/Lf 0 -(Ru+Rf)/Lf -1/Lf 0 O

0 00 1/cf 0 -d/Cf O

0000d/L 0 -(1-d)/L

000O0O0 (1-d)/C -1/(R*C)1;

0

[eoNeoNeoNe]

B = [B1;B2;0;0;0;0;0;07;
MC = eye(8,8);
D = zeros(8,1);

o A
%%%% LLfQ{'iS‘]J‘]JﬁiJﬂ”Ii@"LélWM‘ﬁ Lﬁ@mwamma‘mum %%%%

sys = ss(A,B,MC,D)
td=0:tstep:Lt;
N=length (td) ;
u(l,1)=0;
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for k=2:N

if k<N*0.5
u(l,k)=14*sqrt (2);
else
u(l,k)=15*sqrt (2);
end

end

[v,td]=1lsim(sys,u, td);

L Idc = y(:,5);
L vdc = y(:,6);
LIL =y(:,7);
L VO y(:,8);
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o ! a 4
%%%%%%%% NI UAATNITTUODTUDITSUD %%%%%%%

Vo o2 = 30;

Vs?2 15*sgrt (2) ;
Vo ol Vo 02-10;
15*sqgrt (2) ;

i

=

I
e

o |l

.0785;
.04;
.0521;
.736e+3;

Kiv
Kpi

Kii =
f = 50;
Reg=0.2;

Leg=100e-6;

Ceg=2e-9;

Rf=2;

Lf=88e-3;

Cf=188e-6;

Rc=3;

R=80;

L=15e-3;

C=1100e-6;

Ron = 2.4;

Rfx = Rf;

tstep = le-3;

tcheng = 5;

Lt = 10;

w = 2*pi*f;

Ru = 3*w*Leqg/pi;

[r,Z] = cart2pol (Req,w*Leq);
Sd = sqgrt(3/2)*2*sqrt (3) /pi;
GI=sqrt (3)/(sSd);

NN J O~

%%%  muuaumMing mavesmas lwihlugamsihauisudy %%%

Vbus (1
Lamda (1
EV=100;
EL=100;
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ES=1e-10;

k=1;

clear J

Rfn = 0.03;

while EV>=ES & EL>=ES

Idc = GI*abs((Vs-Vbus (k)*exp (-j*Lamda (k)))/ (Z*exp(j*r)));
P out = 1/R*Vo 0"2;

P loss = (Ru+Rf)*Idc"2;

J(1,1)= Vs*cos(r-Lamda (k) ) /Z-2*Vbus (k) *cos (r) /Z
-1/3*GI"2* (Ru+Rfn) *2* ( (Vs-exp (-j*Lamda (k) )) / (Z*exp (J*r)))
*(=1) *exp (-j*Lamda (k) ) / (Z*exp (J*r)) ;

J(1,2)= Vbus (k) *Vs*sin (r-Lamda (k) ) /Z
-1/3*GI"2* (Ru+Rfn) *2* ( (Vs-Vbus (k) *exp (-j*Lamda (k) ) )
/(Z*exp (J*r))) *j*Vbus (k) *exp (-j*Lamda (k) ) / (Z*exp (j*r)) ;

J(2,1)= Vs*sin(r-Lamda (k))/Z-2*Vbus (k) *sin(r) /Z;
J(2,2)= -Vbus (k) *Vs*cos (r-Lamda (k) ) /Z;
F(l,1)= Vs*Vbus (k) *cos (r-Lamda (k) ) /Z2-Vbus (k) *2*cos (r) /Z

-1/3* (P_out+P_loss);
F(2,1)= Vs*Vbus (k) *sin (r-Lamda (k) ) /Z-Vbus (k) *2*sin(r) /Z;

DX = —-inv (J) *F;

Vbus (k+1) = Vbus (k) + DX(1,1);
Lamda (k+1)= Lamda (k)+ DX (2,1);
EV= abs (DX (1,1)/Vbus(k+1))*100 ;
EL= abs (DX (2,1)/Lamda (k+1))*100;
k=k+1;

end

Lamdal = abs (Lamda (k));
Vbusl = abs (Vbus(k));
Rf = Rfx;

%%%%  anumausaoiuzlugamaiiauEudy %%%%

E vdc = 100;
E Idc = 100;
E dm = 100;

E IL = 100;

E Xv = 100;

E Xi = 100;

E1l = 0.1;

k1 = 1;
Idc ol (1) = Idc;

while E Vdc>=E1&E Idc>=El&E dm>=E1&E IL>=E1&E Xv>=El&E Xi>=El
Vde (k1) = 3*sqrt(3) /pi*Vbusl- (Ru+Rf) *Idc ol (kl);
if kl==
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dm(kl) = Vo ol/(Vdc(kl)+Vo ol);

else

dm(kl) = Vo_ol/(Vdc(kl)—IL_ol(kl—l)*Ron+Vo_ol);

end

Xi ol(kl) = Arx*dm( /Kll,

IL ol(kl) = 1/(1- dm kl))*Vo ol/R;

Xv_ol(kl) = IL ol(kl)/Kiv;

if k1>1

E Vdc = abs ((Vdc(k 1)-vVdc (k1-1))/Vdc (k1)) *100;

E Idc = abs((Idc ol (kl)-Idc ol (kl-1))/Idc ol (kl))*100;

E Xi = abs ((Xi ol (kl)-Xi ol(k1l-1))/Xi ol(kl))*100;
E IL = abs((IL ol(kl)-IL ol(k1l-1))/IL ol(kl))*100;
(

(
(
E dm = abs((dm(kl)-dm(kl-1))/dm(kl))*100;
(
(
E Xv = abs ((Xv_ol(kl)-Xv_ol(kl-1))/Xv_ol(kl))*100;

end

kl=k1l+1;

Idc_ol(kl) = dm(kl-1)*IL ol (k1l-1);
end

dml = dm(kl-1)

Idc ol = Idc ol (k1)

Vdc_ol = Vdc (k1-1)

IL ol = IL ol(kl-1)

Xv_ol = Xv ol (kl-1)

Xi ol = Xi ol(kl-1)

%%%  muuauming imavesmas lihmaulsulasugamsiau

Vo o = Vo _02;
Vs = Vs2;

Vbus (1)= 0.99*Vs2;
Lamda (1)= 0.1;
EV=100;

EL=100;

ES=1e-10;

k=1;

clear j

Rfn = 0.03;

while EV>=ES & EL>=ES

Idc = GI*abs ((Vs-Vbus (k) *exp (-j*Lamda (k)))/ (Z*exp (j*r)));

P out = 1/R*Vo 0"2;
P loss = (Ru+Rf)*Idc"2;

J(1,1)= Vs*cos (r-Lamda
-1/3*GI"2* (Ru+Rfn) *2*(

(k))/z2-2*Vbus (k) *cos (r) /2
(
* (-1) *exp (-j*Lamda (k) ) /

k
Vs—-exp (-j*Lamda (k) ) )/ (Z*exp (J*r)))
(Z*exp (J*r));

J(1,2)= Vbus (k) *Vs*sin(r-Lamda (k))/Z-1/3*GI"2

* (Rut+Rfn) *2* ( (Vs-Vbus (k) *exp (-

j*Lamda (k)))/ (Z*exp (j*r))) *j*Vbus (k) *exp (-
*Lamda(k))/(z*exp(j*r));

J(2,1)= Vs*sin(r-Lamda (k) ) /Z- 2*Vbus(k) sin(xr)/Z;
J(2,2)= —Vbus(k)*Vs*cos(r Lamda (k) ) /Z;

%%%
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F(l,1)= Vs*Vbus (k) *cos (r-Lamda (k) ) /Z - Vbus (k) "2*cos (r)/Z
-1/3*(P_out+P_loss);

F(2,1)= Vs*Vbus (k) *sin(r-Lamda (k) )/Z - Vbus (k) "2*sin(r)/Z;
DX = -inv (J) *F;

Vbus (k+1) = Vbus(k) + DX(1,1);
Lamda (k+1) = Lamda( )+ DX (2,1);
EV= abs (DX (1,1)/Vbus(k+1))*100 ;
EL= abs (DX (2 )/Lamda(k+l))*lOO;
k=k+1;

end

Lamda?2 = abs (Lamda (k)) ;

Vbus2 = abs (Vbus(k));

Rf = Rfx;

%%%%  mudumdwlsaniuznaaliun/dsugamaman %%%%

E vdc = 100;

E Idc = 100;
E dm = 100;
E IL = 100;
E Xv = 100;
E Xi = 100;
El = 0.1;
k1l

1;
Idc 02(1) = Idc;

while E Vdc>=E1&E Idc>=E1&E dm>=E1&E IL>=E1§E Xv>=El&E Xi>=El

Vdc (k1) = 3*sqrt(3)/pi*Vbus2- (Ru+Rf)*Idc o2 (kl);
if kl==

dm(kl) = Vo 02/ (Vdc(kl)+Vo 02);

else

dm(k1l) = Vo 02/ (Vdc(kl)-IL o2(kl-1)*Ron+Vo o2);
end

Xi o02(kl) = Ar*dm(k /Kii;

IL o2(kl) = 1/(1- dm 1)) *Vo 02/R;

Xv_02(kl) = IL 02( /KlV,

if k1>1

E Vdc = abs
E Idc = abs

(vde (k1) -vde (k1-1)) /vdc (k1)) *100;

(Idc_02(kl)-Idc o2(kl-1))/Idc o2 (kl))*100;
dm (k1) -d
Xi
I

(

(
E dm = abs (( m(kl-1))/dm(k1l))*100;
E Xi = abs((Xi 02(kl)-Xi o02(kl-1))/Xi 02 (k1l))*100;
E IL = abs((IL 02(kl)-IL 02(kl-1))/IL 02(kl))*100;
E Xv = abs((XvioZ(kl)—XvioZ(kl—l))/vaoZ(kl ) *100;
end
kl=k1+1;
Idc_o2(k1) = dm(kl—l)*IL_o2(k1—1);
end

dm2 = dm(kl-1)
Idc 02 = Idc o2 (kl)
Vdc 02 = Vdc (kl1-1)
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IL 02 = IL o2(kl-1)
Xv_o02 = Xv_o02(kl-1)
Xi 02 = Xi o02(kl-1)

o ' a 4
%%%% Muum luwasng A %%%%

ab5 - (Ru+Rf+Rc) /LE;

ab7 = -2*Kpi*Rc*IL o02/Ar/Lf-Kpv*Kpi*Rc*Vo o02/Ar/Lf
+Kiv*Kpi*Rc*Xv_02/Ar/Lf+Kii*Rc*Xi o02/Ar/Lf
+Kpv*Kpi*Rc*Vo 02/Ar/Lf;

ab8 = -Kpv*Kpi*Rc*IL o2/Ar/Lf;

a59 = Kiv*Kpi*Rc*IL o2/Ar/Lf;

a510 = Kii*Rc*IL o2/Ar/Lf;

a67 = 2*Kpi*IL o2/Ar/Cf+Kpv*Kpi*Vo o2/Ar/Cf
-Kiv*Kpi*Xv_02/Ar/Cf-Kii*Xi 02/Ar/Cf-Kpv*Kpi*Vo 02/Ar/Cf;
a68 = Kpv*Kpi*IL o2/Ar/Cf;

a69 = -Kiv*Kpi*IL o2/Ar/Cf;

a6l0 = -Kii*IL o2/Ar/Cf;

a76 = -Kpi*IL o2/Ar/L-Kpv*Kpi*Vo o02/Ar/L

+Kiv*Kpi*Xv_ 02/Ar/L+Kii*Xi o02/Ar/L+Kpv*Kpi*Vo o2/Ar/L;
a77 = -Kpi*Vdc o2/Ar/L-Kpi*Vo o02/Ar/L

+Ron/Ar/L* (2*Kpi*IL 02+Kpv*Kpi*Vo 02-Kiv*Kpi*Xv o2

-Kii*Xi o02-Kpv*Kpi*Vo o02);

a78 = -Kpv*Kpi*Vdc o02/Ar/L-1/L-Kpi*IL o2/Ar/L
-2*Kpv*Kpi*Vo 02/Ar/L+Kiv*Kpi*Xv o02/Ar/L

+Kii*Xi 02/Ar/L+Kpv*Kpi*Vo o02/Ar/L+Ron/Ar/L* (Kpv*Kpi*IL 02);

a79 = Kiv*Kpi* (Vdc_o2 + Vo _o02)/Ar/L + Ron/Ar/L

* (-Kiv*Kpi*IL 02);

a7l0 = Kii*(Vdc o2 + Vo o02)/Ar/L + Ron/Ar/L* (-Kii*IL 02);
a87 = 1/C+2*Kpi*IL o02/Ar/C+Kpv*Kpi*Vo 02/Ar/C
-Kiv*Kpi*Xv 02/Ar/C-Kii*Xi 02/Ar/C-Kpv*Kpi*Vo o02/Ar/C;

a88 = Kpv*Kpi*IL 02/Ar/C-1/(R*C);

a89 = -Kiv*Kpi*IL 02/Ar/C;

a8l0 = -Kii*IL o02/Ar/C;

A = [-Reg/Leq w -1/Leq 0 0

00O0O0O
-w -Req/Leq 0 -1/Leq 0 0 0 0 O
1/Ceqg 0 0 w -Sd/Ceq 0 0 0 0 O

0 1/Ceg -w 0 0 00O 0O

0 Sd/Lf 0 a55 -1/Lf ab57 ab58 a59 a510
0 0 1/Cf 0 a67 a68 a69 a6l0
0 a76 a77 a78 a79 a710
0 0 a87 a88 a9 as8lo0
00O0-100
0 0 -1 -Kpv Kiv 0];

0

O O OO oo
O O O o o
el oNeoNe)

el oNeoNe)




114

%%%%
bll = (1/Leq)*sqrt(3/2)*cos (LamdaZ2) ;
b21 = (1/Leq)*sqgrt(3/2)*sin(LamdaZ2) ;
b52 Kpv*Kpi*Rc*IL o02/Ar/Lf;
b62 = -Kpv*Kpi*IL o2/Ar/Cf;
b72 = Kpv*Kpi*(Vdc o02+Vo 02)/Ar/L+Ron/Ar/L* (-Kpv*Kpi*IL 02);
b82 = -Kpv*Kpi*IL 02/Ar/C;
b92 = 1;
b102 = Kpv;
B = [bll 0
b21 0
0 0
0 0
0 b52
0 b62
0 b72
0 b82
0 b92
0 b102];
%%%% M lumesnd cuaz D %%%%

o ' a 4
M luwaIng B %%%%

MC = eye(10,10);
D = zeros(10,2);

%%%%

sys =

A 4
L!fﬁljﬁgﬂﬂﬁﬂﬂ'ﬁﬂwwu‘ﬁ Lﬁ@ﬁTWﬁﬂTﬁ@ﬂUﬁu@\‘] %%%%

s(A,B,MC,D);

td=0:tstep:Lt;
N=length (td) ;

u(l,1)=0;
u(2,1)=0;
for k=1:N
if k<N*0.5
u(l,k)=0;
u(2,k)=0;
else
u(l,k)=0;
u(2,k)=10;
end

end
[v,td]l=1lsim(sys,u, td);

L Idc =

L Vvdc
L IL
L VO
L Xv

y(:,5) + Idc ol;

y(:,6) + Vdc_ol;
y(:,7) + IL ol;
y(:,8) + Vo ol;
y(:,9) + Xv_ol;
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%%%%  MUIUMTYYIVAIVAY

for i=1l:1length (V02)
if (i-1) *tstep>=tcheng

%%%%

C _signal(i) = -Kpi*IL2(i) - Kpv*Kpi*VO2 (i) + Kiv*Kpi*Xv2 (i) +

Kii*Xi2 (i) + Kpv*Kpi*Vo o2;
else

C signal(i) = -Kpi*IL2(i) - Kpv*Kpi*VO2 (i) + Kiv*Kpi*Xv2 (i) +

Kii*Xi2 (i) + Kpv*Kpi*Vo ol;
end
end

C _signal;
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%%%%% %% Usemamuean s %%%%%%%%

#include <avr/io.h>

#include <avr/interrupt.h>
#include <compat/deprecated.h>
#define DD 53
#define PB 22
#define PB2 26
#define PL 30
#define PL2 34
int EN = 12;
float d = 0;
pinMode (DD, INPUT)
pinMode (PB, INPUT)
pinMode (PL, INPUT) ;
pinMode (PB2, INPUT) ;
pinMode (PL2, INPUT)

’

’

’

%%%%%%% MrUA liuady s PWM NAN0 5 kHz - %%%%%%
void setup() {

pinMode (EN, OUTPUT) ;

pinMode (A0, INPUT);

pinMode (A1, INPUT) ;

TCCR1A = (1<<COM1lAl) | (0<<COM1AO0) ;

TCCR1A |= (1<<COM1B1) | (0<<COM1BO) ;
TCCR1B = (1<<WGM13) | (0<<WGM1l2) ;

TCCR1A |= (0<<WGM11) | (0<<WGM10) ;

TCCR1B |= (0<<CS12) | (0<<CS11) | (1<<CS810);
ICR1 = 1600;

TCNT1=0;

}
o @ A 1 Y 9y
%%%%% gUmsau aunsaliumiy-aa A1 Duty Cycle 18 Taof 15 %%%%%

void loop () |

if (digitalRead (PB)==HIGH)
{delay (50);

if(digitalRead (PB2)==HIGH)
{d = d+80;

if(d>1120) {d=1120;}
delay (1000);}}

if (digitalRead (PL)==HIGH)
{delay (50);

if(digitalRead (PL2)==HIGH)
{d = d-80;

1f (d<0) {d =0;}
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delay (1000);}}
OCR1A = d;
OCR1B = d;

}
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%%%%%%% Uszmamueanintls  %%%%%%%%
#include <avr/io.h>
#include <avr/interrupt.h>

#include <compat/deprecated.h>

#define
#define
#define
#define
#define
int V_re
int EN

DD 53
PB 22
PB2 26
PL 30
PL2 34
f=-10;
= 12;

L1177 7007777770777777777777
L1177 7077777777777777777777

float
float
float
float

Kp v
Ki v
Kp i
Ki i

= 0.0816;
= -0.0754;
= 3.255;

= -0.8489;

L1177 70777777771077777777777

//float
//float
//float
//float

float
float
float
float
float
float

rv =
ri =

e v =

e i

ek v =

Kp v =
Ki v =
Kp i
Ki i

0.1962;
-0.1936;
1.782;
-0.293;

0;
0;
0;
O.

0;
0

fs= 1.137 kHz
Conventional

ATS

ek i =
I =20
Ik =

float
float
float d = 0
float dk =
int rvs = 0;

int ris = 0;

float sum rv =
float sum ri

0;

0;

Il
o
~

@ ] 1 < 3
%%%%% 15U THUANITOIUMADUINDN UVUITI %%%%

#define FASTADC 1

// defines for setting and clearing register bits
#ifndef cbi
#define cbi (sfr,
#endif

bit) (_SFR BYTE(sfr) &= ~ BV(bit))
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#ifndef sbi

#define sbi(sfr, bit) (_SFR BYTE(sfr) [= BV(bit))
#endif
void setup() {

#1f FASTADC
sbi (ADCSRA, ADPS2) ;
cbi (ADCSRA, ADPS1) ;
cbi (ADCSRA, ADPSO) ;
#endif
pinMode (PB, INPUT)
pinMode (PL, INPUT) ;
pinMode (PB2, INPUT) ;
pinMode (PL2, INPUT)

’

%%%%%%% Mua lvuadyna PWM AN s kHz - %%%%%%

pinMode (EN, OUTPUT) ;

(
pinMode (A0, INPUT) ;
pinMode (A1, INPUT);
TCCR1A = (1<<COMI1Al) | (0<<COM1AO0) ;
TCCR1A |= (1<<COM1B1l) | (0<<COM1BO) ;
TCCR1B = (1<<WGM13) | (0<<WGM1l2) ;
TCCR1A |= (0<<WGM1l1l) | (0<<WGM10) ;
TCCR1B |= (0<<CS12) | (0<<CS11l) | (1<<CS10);
ICR1 = 1600;
TCNT1=0;

}

void loop () {
%%%%%%%  SUAMTIAUDINDI MNFTFOU  %%%%%%

if (digitalRead (PB)==HIGH)
{delay (50);

if (digitalRead (PB2)==HIGH)
{V_ref =V ref+10;
if(V_ref>70) {V_ref=70;}
delay (1000);}}
if(digitalRead (PL)==HIGH)
{delay (50);

if (digitalRead (PL2)==HIGH)
{V_ref =V ref-10;
1f(V_ref<0){V_ref=0;}
delay (1000);}}

' ' o J [
%%%%%%% ’E]'l’l!ﬂ'll!i\‘]@ﬂllﬁ%ﬂi&!ﬁ%1ﬂQﬂﬂimﬂ53%3ﬂ %%%%%%

for (int x=0;x<10;x++)
{rv = analogRead (AOQ0)

sum_rv = sum rv + rv;}
for (int x=0;x<10;x++)




124

{ri = analogRead(Al);

sum_ri = sum ri + ri;}
rv = sum_rv/10;
ri = sum _ri/10;
sum_rv = 0;
sum ri = 0;
rv = (rv*5)/1023;
rv = (81.2*rv)-27.835;
ri = (ri*5)/1023;
(

ri = (1.7046*ri)-0.70436;

%%%%%%%  1TNGNTZUIUMSVBIAINILANT 10QUUTIAY  %%%%%%

=V ref - rv;

Ik + (Kp_v*e v) + (Ki v*ek v);
if (I<0){I=0;}

else if (I>10) {I=10;}

I1k=I;

ek v=e v;

e v
I =

Y 1 (Z
%%%%%%%  ITGNTZUIUMIVBIAINILANT logUnseud  %%%%%%

e i=1-ri;

d =dk + (Kp_i*e i) + (Ki i*ek 1);
if (d<0) {d=0;}

else 1if (d>1200) {d=1200;}

dk=d;

ek i=e i;
%%%%%%% 11511 Duty Cycle IagiInIuauon IUia  %%%%%%

OCR1A = d;
OCRI1B d;
}
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MSYNAN Initial number neighbor 1A81aan 1F9UIMMIND 10, 20, 30, 40 LA 50 A4

M1519% 9.1 Taefmualy Round = 10, Number neighbor = 10, Radius = 20 % U8 DF = 1.01

A1319 4.1 MINATOUINOWIAT Initial number neighbor

Anfanduingussaen (W)

2 Initial number neighbor
AIIN
20 25 30 35 40
1 0.4958 0.4945 0.4937 0.5004 0.5205
2 0.4967 0.4926 0.4938 0.4966 0.5045
3 0.5155 0.4954 0.4909 0.4958 0.4962
nay 0.5027 0.4942 0.4928 0.4976 0.5071

Y
Y

VN3N 9.1 WU Initial number neighbor 111 30 32 las1 W masiosnga aariu

08en1% mitial number neighbor = 30

ASHIAN Radius 1081200 1FA 1NN 10 %, 20 %, 30 %, 40 % LAY 50 % VYBIVDLVA
Haneaan519h 9.2 Taemnualy Round = 10, Number neighbor = 10, Initial number neighbor

=30 Uag DF=1.01




Q13199 9.2 MINAFDUINOYIA Radius
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Anfanduinguszaen (W)

2 4 Radius
ATIN
10 % 20 % 30 % 40 % 50 %
1 0.4951 0.4954 0.4963 0.4944 0.5013
2 0.5196 0.4978 0.4886 0.4967 0.4995
3 0.5241 0.4962 0.5073 0.5004 0.4991
mﬁﬂ 0.5129 0.4965 0.4974 0.4972 0.4999
910913199 9.2 WUINUe1F Radius 1N10U 20 % 92 1dar W masdssnaa asiududonld

Radius =20 %

Q

1 Y 1T % {
A5¥1A1 DF Tagi@enlgauniny 1.01, 1.1, 1.2, 1.3 4ag 1.4 HFAIAIA15199 9.3 Tag

fnuald Round = 10, Number neighbor = 10, Initial number neighbor = 30 Us Radius =20 %

Q13199 1.3 MINATOUINDYIAN DF

anfanduinguszaen (W)

2 4 DF
AN
1.10 1.15 1.20 1.25 130
1 0.4957 0.4890 0.4952 0.4995 0.4953
2 0.5223 0.4908 0.4971 0.4976 0.4981
3 0.4958 0.4950 0.4916 0.5392 0.4894
nay 0.5046 0.4916 0.4947 0.5121 0.4943

H 9
= v W

~ v A qu "o Y S g =2 A )
NATT NN N.3 W’]J’ﬂlllf]clfb' DF NN 1.05 %51@‘?]1 w Lﬂﬁﬁluﬂﬂﬂ’Ljﬂ muumm@ﬂh DF =

1.15
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AIHIAN Round Taedenl¥1u1n1n U 20, 30, 40, 50 1AL 60 LAAIAIAITINN 9.4

Taoivualyi Number neighbor = 10, Initial number neighbor = 30, Radius = 20 % g DF =

1.15

Q13199 9.4 MINATDUINOYIAT Round

Anlangudaguazead (W)

2 4 Round
AIIN
20 30 40 50 60
1 0.4949 0.5173 0.4995 0.4867 0.5045
2 0.4949 0.5045 0.4958 0.5036 0.4951
3 0.4940 0.4949 0.4953 0.4921 0.4953
mﬁﬂ 0.4946 0.5056 0.4968 0.4941 0.4983

v
v v K2 A

1NM15190 9.4 W 1F Round i 50 9z lam W imdeilosiga aaiududenls Round

Yo Y Yy A
=50 maw1%%1mumumiﬂumuawqﬂ

MINIAN Number neighbor Taeiaon1435113UM10U 10, 15, 20, 25 1AL 30 AIANT 19N

1.5 Taamvuald Round = 50, Initial number neighbor = 30, Radius =20 % g DF =1.15

A1519N 4.5 MINATOUINONIAT Number neighbor

anfanduinguszaen (W)

g 4 Number neighbor
AIIN
15 20 25 30 35
1 0.4867 0.4949 0.4944 0.4944 0.4867
2 0.4867 0.4867 0.4954 0.4962 0.4867
3 0.4954 0.4958 0.5073 0.4944 0.5168
naY 0.4896 0.4925 0.4990 0.4950 0.4968

v & =

VIS99 9.5 WU 1Y Number neighbor 19101 20 92'1dA1 W maetioofiga aatiuia

1donld Number neighbor =20
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Modeling of AC-DC Power System Feeding
a Controlled Buck-Boost Converter

Rangsan Chanpittavagit, Kongpan Areerak®, and Kongpol Areerak
School of Electrical Engineering, Institute of Engineering
Suranarce University of Technobogy
MNakon Ratchasima, Thailand
*kongpani@sut_ac._th

Abstract—It s well-known that dynamic models ol power
converters are normally time-varying becawse of their switching
actions. Unfortunately, the svstem analysis and design via the
time-varving model is very complicated. Therefore, the paper
presents the mathematical model of AC-DC power system
Teeding a controlled buck-boost converter. The proposed model is
derived from the combination between the M) method and the
generalived state-space averaging method. These methods are
wsed fo eliminate the switching behavior to achieve the time-
invariant model suitable for a sysiem analysis and design via the
conventivnal control  theary. The intensive  time-domain
simulations show that the resuling model can provide high
accuracies in both transient and steady-state responses compared
with the exact topology model.

Keywords—Buck-Boost  Converter;  Modeling:  Averaging
Mudet; I method; Generalized State-Space Averaging method

I INTRODLCTION

Generally, dynamic models are very important for a system
analysis and design. Unfortunately, the models of power
clectronic based systems are time-varying in nature in which
the system analysis and designs via these time-varying models
are very complicated. Therefore, several approaches are
commonly wsed for eliminating the switching actions to
achieve the time-imvariant model. Then, the classical linear
control theory can be easily applied. The work of the paper
presents how to derive the dynamic model of the example
system, AC-DC power system feeding a controlled buck-boost
converter, by using two common averaging technigues. The
first averaging technigue called D) method [1]-3] is used o
analyze the dynamic mode] of a three-phase rectifier including
the transmission line on AC side, while the second technigue
namely the generalized state-space averaging (G55A) method
[4]H7] is applicd to derive the dynamic model of controlled
buck-boost converter. The cascade Pl controllers of buck-
boost converter are also included in the model. The derived
model is wvalidated by the intensive time-domain simulation
via the exact topology model. The results show that the
reported models provide high accuracies in both transient and
steady-state responses. The classical control techniques can be
casily wsed for the systemn amalysis and design via the

97E-1-4T99-2993-1/14/531.00 ©2014 IEEE

proposed dynamic model. Moreover, the simulation time by
using the resulting model is very fast compared with those
from the switching model. Hence, the reported model in the
paper can be applied as the objective function for the optimal
controller design wsing the artificial intelligence techniques.
However, the aim of the paper is focus on only how to derive
the time-invariant model of the considered power system.

The paper is stroctured as follows. In Scction 11, the
considered system is illustrated. In Section 10, deriving the
dynamic model of the considered system using the combination
between both D) and GSSA methods is explained. In Section
IV, the model validation wsing the small-signal simulation is
illustrated. Finally, Section V' concludes and discusses the
adwvantages of proposed model derived from the DO and GSS5A
methods.

II.  SysTEM COMSIDERED

The considered system is depicted im Fig. 1. It consists of a
balanced three-phase voltage source, transmission line, three-
phase diode rectifier, and DC-link filters feeding a controlled
buck-boost converter. It is assumed that the diode rectifier and
the buck-boost converter are operated under a continwous
conduction mode (OCM) and the higher harmonics of the
fundamental are neglected. The three-phase voltage sources ane
also balanced. The cascade Pl controllers are used to regulate
the output voltage of buck-boost conventer. In Section 111, the
medel derivation using both DO and G554 methods to achieve
the time-invariant model due to eliminating switching actions
of diodes and switch @ will be explained. Mote that A
represents the phase shift between source and AC bus.

L. MATHEMATICAL MODEL DERIVATION

In this paper, the D) method is selected to derive the
dynamic model of a three-phase diode rectifier in which the
diode rectifier as depicted in Fig. 2 (a) can be treated as a
transformer on D)-axis [2]]3] as shown in Fig2 (b}
According to Fig. 1, the effect of Ly on the AC side causes an
overlap angle g in the output waveforms that causes as a
commutation voltage drop. This drop can be represented as a
variable resistance R, that i located on the DC side [9] as
showm in Fig. 2 (bl
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Fig. 1. Considered system

(a)
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(b}

Fig. 2. Three-phase diode rectifier model

Using D} method, the switching function of three-phase
dinde rectifier can be transformed into a D)-axis represented
as 5y and 5, The calculation of these switching functions. is

The itransmission line section in Fig. 1 can also be
transformed into D) frame [10]. The DO) representation of the
transmission lineg is then combined with the diode rectifier as
shown in Fig. 2 (b). As a result, the equivalent circuit of the
power system in Fig. 1 can be represented in the D) frame as
depicted in Fig. 3. The equivalent circuit in Fig. 3 was already
simplified by fixing the rotating frame on the phase of the

given in (1)
mf2lm0]
- F ::mH!, -ﬁ'] switching function { ¢=g [2]-]3].
where @4 = Phase angle of D) frame and ¢ = Phase angle

of AC bus voltage.
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Fig. 3. The simplified equivalent circuit of the power system

In Fig. 3, the threc-phase diode rectifier including the
transmission line on AC side is transformed into the D0} frame
via the D{) method. MNotice that the diode rectifier can be
modeled as the transformer in which it can provide the time-
invariant model. The GS5A modeling method is then wsed to
climinate the switching action (switch () of the buck-boost
converter. For deriving the dynamic model of a buck-boost
converter using GS5A method, the switching function of such
converter under the CCM condition is firstly defined in (2).

1, D<r<dl
¥ (2
u{l‘}-{ﬂ‘ dT <1<T )

where d is the duty cycle of the switch ( as shown in Fig. 3.
Applying the KVL and KCL to Fig. 3 with the GS5A method
[4]. the set of time-invariant differential equations are given
by (3). It can be seen in Fig. 3 that the cascade PI controllers
of the buck-boost converter is not considered. Hence, the
equivalent circuit of the power system with the schematic of
buck-boost converter controllers on D) frame as depicted in
Fig. 4 is concerned. The PI controllers of the current loop
(inner loop) and the voltage (outer loop) are represented by
K, Kiv, K, and K, respectively. From Fig. 4, 4" can be
derived and given in (4).

When PI controllers are considered, the X, of the voltage loop
contral and the X, of the current loop control are set as the
state variables of the model. Moreover, when the buck-boost
converter is regulated, the o in (3) becomes d as given in (4).
Therefore, applying d" into d and adding the state variables of

the PI controllers, the dynamic model of the proposed system
in Fig. 1 derived by using the D) and GSSA methods can be
expressed in (5)

. R P O I
f,=—£—;tf,+mq-:|_,_.+—J;r_m(4)

Iy
1 e
! =-mr_,+5tr -——F +—_J:r sin(d)
[ -
- Lo L L Y2
- 1 ERENE)
Vou ==l 4ol — ===,
., 2 &C,
5 1 -
I_M=C—;_,-.uw
Cl
}_f 25, BARAR), 1, Red,
& =T T T Tema T & & L
2 =L, L L L
1 d
Vy=—ly, ——1
ke c‘r C3 CJ- L
s d . (1-d)
f‘=Il*k—Tl*ﬂ
pli=d), 1, ()
T Cc " RC*

.1 ;
d =I{-x,rl—x,x,p;+x,,j:_x, +Eygn + K K008

pitpit e
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Fig. 4. The equivalent circuit of the power system with cascade P1 controllers
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IV, MODEL VALIDATION

The nonlinear time-invariant model can be linearized using
the first order terms of the Taylor expansion so as to achieve
a set of linear differential equations around an equilibrium
point. The DO+HGSSA lincarized model of (5) is then of the
form im (6).

{ﬁ = Afx,.u, )+ Bix,.u, )du i6)

dy =C(x_,u_ )dx+D{x_,u_)du

where

ada, A, ¥, N, d, ¥, 4, I & &)

du=[aV, .ﬂ;‘]r dy=[ov, o]
A =[ llmﬂ
B= [ ]:m

€=l L

p=[ |

The matrices A B C and I are too awkward to put in this
paper.

The DQHGESA lincarized model in (6) is simulated for
small-signal ftransicnts against a comesponding  exact
topology model from MATLAB. The set of system
paramecters is as follow: ¥, =30V, . = 2m=50radfs,

R=010, L =MyH. C =20F, & =0010,
L =33mH, €, =500pF, & =040Q. R=10022,
L=15mH, C=141pF, 4, =10, K_=0016, K, =4475,
K, =04377and K, =25,695

Fig. 5 shows the Vi and F, responses of the system in Fig. 1
to & step change of l’u' from 40 to 50 V that occurs att=5
5.. Similarly, Fig. 6 shows the responses to a step change of
I"u' from 80 to 90 V. From the comparison results of both

models, it confirms that the resulting model of the
considered system with a controlled buck-boost converter
derived from the DO} and G55A methods provide a good
accuracy in both transient and steady-state responses. The
model can describe the dynamic behavior of the whole
system. Moreover, the simulation time of Fig. 5 when the
system was simulated via the proposed model coding in
MATLAB requires 0086 s_, while the full topology model
of SPS™ in MATLAR consumes 288 31 . For Fig. 6, the
computational time via the reported model is 0.084 s, while
the exact topology model consumes 386,47 =,

3

E ™
X
mf "‘ﬂﬂwﬂmm'ﬂr
ml L ! T T T T
L] a1 a2 aa a4 as as
b=

_——- dwﬂmm-ﬂr

5 a1 az a3 54 as a8
b=

Fig. 5. V_and y;, responses to a step change of j* from 40
to 50V
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Fig. 6. ¥, and } responses to a step change of 17 from 80
to 90V

V. CoNCLUSION

This paper presents how to derive the dynamic model of the
three-phase dinde rectifier feeding a controlled buck-boost
converters. The D) and GS5A methods are wsed to
climinate the switching behaviour of the power converter in
which the D) method i wsed to analyze the three-phase
rectifier and the GS5A method is also applied to the buck-
boost converter. The simulation results show that the
proposed model provide a good accuracy in both transient
and steady-state responses. Moreover, the proposed model
consumes the fast simulation time compared with those of
the exact topology model. According to the advantages of
the resulting model, the classical control theory can be
casily used for the system analysis and design. In addition,
the dynamic model derived from the paper is suitable for the
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optimal controller design using the artificial intelligence
techniques because the fast simulation time can be achicved
from the proposed model.
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