Y} d
ﬂ1i@ﬂﬂ!!ﬂﬂﬂ?ﬂ?ﬂﬂﬂl!ﬁ$ﬂ1§3!ﬂ’i1$ﬁ!ﬁaﬂ’iﬂ1‘w

Al
AaAaAad

vaaszuvIihmavedduadinlvaa

I Y] v d d
Wwsasulasiusuuiinn-yae

(% d a a
HIYIIAIIN PIYNNEND

a a c’; I ' d! = (Y] a v A
IeniinusiiuaiunilaveamsanmmunangasliyanIsmnssumansumiudia
I )IanssyInih

a U =S =
umIngnagnalulaggsmns

WUmsdnmn 2557



CONTROLLER DESIGN AND STABILITY ANALYSIS
OF AC-DC POWER SYSTEM FEEDING
A CONTROLLED BUCK-BOOST

CONVERTER

Rangsan Chanpittayagit

A Thesis Submitted in Partial Fulfillment of the Requirements for the
Degree of Master of Engineering in Electrical Engineering
Suranaree University of Technology

Academic Year 2014



msaammuﬁamu@wmzmﬁmswﬁmﬁmmwmm

aA

szuuvhiduediuadnilnaaihinsmlasiuwuian-yad

a a

a o CZ o J J < 1 3
winanendemalulaggsuns ewia lviuameiwus atuiiuaunilsesmsinm

Murangaslsyaumiaie

a a J
AUSNITUNITADUINYIUNUD

(57. 95.0AA DADNINIAA)

5L 5IUNTTNNT

9 v
(WA, AT.NOINU f’]'ﬁﬁﬂ‘l&l)

s (= a a o
NITUNIT (@1%1531/]1J5ﬂ’191’31’1811!wu‘ﬁ)

o
(WA, 5.NDINA 'E)']%ﬁﬂi&l)

NITUNIT

a A Ao o 4 o A o
(71. @390 auT1199) (37. 5.9. A3.AUATI T sEra)

59993MIUAREIMNTIATUIANTTY AMUAAINIYIAINTIUAIANS



$38558 WYAnens : MIVBNLDDAINIVAVIELMIUATILHITDETNINYBITZUY
Tithirduediiuasan naaduresutasiunuuiiag-yead (CONTROLLER
DESIGN AND STABILITY ANALYSIS OF AC-DC POWER SYSTEM FEEDING A
CONTROLLED BUCK-BOOST CONVERTER) 810136711/3nw1 : §emansinisd

] A v 4 9
AT.NOINU B1390Y, 204 KU

9
0 Y

Ay A a o a o A [ Y]
QTH?%&?%&WUWH%ﬁUHﬁH@ﬂWﬁﬁﬁW\‘]LL‘U‘UEﬂTﬁ’EN“V]"Nﬂﬂ!ﬂﬁWﬁﬂiIﬂﬂi%’J%ﬂ?ii’Juﬂu

v
Y= s TJQ a 2

1 a a o (% a 4
521171935AR ez ITA NG ﬁaﬂﬁ'ﬂWH%ﬂ’J"l‘]J FINTUMITUATIEHIADITNINUDIINDTIT U4
A Jdas I o 4 s & o A 9
ﬂﬁ$LLﬁﬁﬁJW‘lﬁ'LL‘]J‘]J‘]Jiﬂﬁ]“VIiJT‘HﬁﬂUJHQQ‘flillﬂﬁﬁwullﬂﬂﬂﬂﬂ-yjﬁ@ “BQLL“UTJ%Tﬁ’ENTIUlﬂiﬂﬂ’N%ﬁ
13 J o Y I a Yy Y [ 4 4 J u’j =
ﬂ\‘iﬂﬁ”l?l%ggﬂVI"IGlWL‘]JL!LG]NLﬁuﬂﬁﬂﬂﬁﬂi%iﬂﬂ!’l’)uﬂﬂﬁuEJ‘U@\‘]’O‘L;!ﬂﬁJWIEJLﬁ@i NUUITINITD
o o P4 a Jd [ = 1 Jd A
‘Ll']L!‘U‘Uﬁ]Tﬁ’ENulﬂﬂl‘lfsluﬂ1§’JLﬂ§1$ﬁlﬁﬂﬂﬁﬂ?WTﬂEJ@"IﬁEW]E]H;]’UVIﬂH%Tg%Qllaglﬂﬁlcmﬁﬂﬂiﬂ"lw
a a 9 = A @ a d Y a 4 A [
élli’)\‘l‘i\lﬂlﬂﬁ‘]_li‘ﬂ”lﬂ Taglimseugunan1sItnsiziale ldsunsunauninesLassoUIUN
Y £ = = Y o o Y 1 a s 1Y
AVYLANATDU FINTTNISIUIUNAAWWYANATD VU %'IL‘]Juﬂ’E)Q’Vlﬁ"l‘]JﬂT‘W”lSﬁJLﬂ’ﬂﬁﬂgﬂﬂﬂﬁ
A Y = 1 3.0 d? 9y o J
ﬂl@ﬂ%ﬂﬂﬂﬁﬂﬂ!Wﬂiﬁﬂ?i@lﬁ’ﬁ]ﬁ@‘]JNfIﬂJﬂ’JTJJLL?JufJHJ']ﬂ‘Uu Iﬂﬂulﬂilﬂ"liiﬁiulﬂﬂaﬂlﬂlm‘uﬂﬁﬂﬂ
v ax a A o a R Y a v W
‘VI@ETE]'UI@EJ?J'IﬁEJ'J‘ﬁﬂ'ITVINﬂiLJﬂJﬂ‘]JiZﬂHiIﬂﬂhﬂﬁﬂ’f]i1/13Jﬂ15ﬂuWTLL1JUG]11EIJLGH\‘]1J§'UG]'J 1MW
J a < A A @ o a I a J
NINATDUNWUIN fﬂ53&ﬂ51$ﬂlﬁﬂEliﬂ'l‘W‘ﬂ'l\‘i‘1/]t]‘lel@]Tlfl'lﬁﬂl,!‘ﬂU%'lafNTlNﬂmiﬂﬁWﬁ@ﬁﬂWtzi]u
P v
= ' v o A a 4 o
%u’ﬁ'lll15@@1@!@1@@%1@!,6985"11E]\?‘]gﬂﬂﬂﬁ@ﬂ]lg]jﬂﬂ'lﬂgﬂg]}@ﬁ ANU u’)%ﬂTﬁWgﬂuWHLUUiﬂﬁﬂﬂ
a J a d A Ay Yo a a o"dy ) I Y a
VlNﬂmﬁﬁWﬁﬁ5lLﬁZﬂWi’)!ﬂi?S;’ﬂLﬁﬂﬂﬁﬂ1W1/1blﬂu'llﬁuf]Glu’J1ﬂEJ'luWH‘ﬁu mmmumﬂﬂmm
v
pazlinnugndesududr wenvinideldtuauenisoonuuudInIugNAI183EN1TNI
a ¢ o ° a 7 A o %4 =
ﬂﬂgiy'lﬂi%@‘ﬂiiﬂEJ'E]'IFTEJLL‘]J‘]Jiﬂa’fN‘Vl'Nﬂﬂ!@lﬁ1ﬁ§l‘i ‘1/1mﬂﬁwamimuﬁuawmmmw@u

Ao A o a J 1% a
ﬁmmuz‘mﬁ‘ntjﬂ Iﬂﬂﬁﬂ?iﬂ?ﬁ@\?Nﬁﬁ?ﬂﬂ’ﬂﬂW?m’ﬂilmgﬂ'ﬁﬂﬂﬁﬂUﬂ’UiZ‘UﬁJi]i\i

A A Y

1131 enssy i AMeilo¥oINANY

D-

A J

a = A (R
1nsANET 2557 A8UFD1915NUTAW




RANGSAN CHANPITTAYAGIT : CONTROLLER DESIGN AND
STABILITY ANALYSIS OF AC-DC POWER SYSTEM FEEDING A
CONTROLLED BUCK-BOOST CONVERTER. THESIS ADVISOR : ASST.

PROF. KONGPAN AREERAK, Ph.D., 204 PP.

STABILITY ANALYSIS/ PI CONTROLLER/ BUCK-BOOST

CONVERTER/ DQ MODELING/GSSA MODELING

The thesis presents the co-operation between the GSSA and DQ method to
derive the dynamic model of proposed power system, the three-phase rectifier feeding
a controlled buck-boost converter. The resulting model is suitable for the stability
analysis. The derived model is the nonlinear time-invariant model. In the thesis, the
linearization method using the first-order Taylor's series expansion is applied to
achieve the linear time-invariant model. As a result, the conventional linear control
theory called Eigenvalue's theorem and Middlebrook's criterion can be used with the
linearized model for stability study. To validate the stability result, the intensive
simulation using the computer software package and the experiment are used.
Moreover, the system identification is required to provide the accurate system
parameters that are used with the proposed dynamic model to predict the unstable
point of the practical system. The artificial intelligence technique called the adaptive
tabu search algorithm is applied for the system identification. In addition, this

adaptive tabu search algorithm is also used to design the controller of buck-boost



converter to achieve the best output performance. The proposed optimal design result

is also validated by both simulation and experiment.
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. . a 4 4 o o ' =2 A o 9 Ya o R
1381 (time varying model) N1331AT1EHILVUAIBUVVTIADIAINA1IINUANUFUGDU {IIYIY
o o a 4 v Aa a 8 @
Mmsafrauiiaeanaadiamans lagerfeIsn1301ad8A) (DQ  method) FUNNIZ AU
szuvlfhaue (S.B. Han, N.S. Choi, C.T. Rim, and G.H. Cho, 1998) 32ufU3TAUNAY
ﬂ?gﬁammﬁﬂﬂ (Generalized State-Space Averaging method: GSSA method) FUMLAY
v A aA R an Y 1 9 o n:? o .
199501} aaiuAFIUAT (A. Emadi, 2004) 35mM3aanaag lavuuiiase luvuiumnal (tme
o a 4 g a 4 o
invariant model) 11¥MsAATIZHTTUVTAMUAZAININTY MIRGITH D109y
A Aa a 1 @ o w
SuduaredIzmsulasdar ludruntussuusida lnihaale
[ a a I~ a
NannsveInN1sulasdnd Aemsuilasllsnala o vuunu 3 ma 1FdlulSunauy

1 [ o

= 9 a Y < [ o 4 .
unu 2 e IﬂﬂN!LﬂUWHuﬂ'N@Qﬁ'HJﬂu ﬂTjWHNN@QﬂJ@Qﬂ?TNLi?ﬁNWW‘ﬁ (velocity

Aa A o

' < s a s 7w
relationship) TEHUINUNU 3 mlﬁuazuﬂu ﬂ'JﬂJﬂ"IL‘]J‘L!mefJ %\TVIﬂﬁ{WTS"INm@ﬁﬁL‘]JUWQﬂ%HGUGQ

=~ A 1< a s 'dgl 5
L'Ja"llﬂiflllLﬁlli’]ﬂl‘].]l!‘WWﬁ"IiJL@]@iVIIlﬂJs]Jui’]QﬂUL')a"I
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A
b =0
(0]
120 a o

|
| 120°
|
|
|

C

~ o o [ aa
zﬂ‘ﬂ 3.2 UHUMNNNDS 1S UM uUasann

MZUN 3.2 uAUKYY @f WiTeunUNYHE1NE Aeunuediudl (o =0) fmuald
9

unu o assnuld a wazunu g hmiuny o og 900 Tumsudasdiunsnazdeanilas

9
~

Ysma 3 wla a, buaz ¢ Meguuunu af Taserdeaumsmsuiaslaa

4TV N
f 2 2]
“|=k : (3-1)
s 0 NE fb
2 2 |-

d‘ A [ [ Av A a c’dyd Y o [ 1T o w
e k A9 mﬂm@mmmﬂm mua@nmmmumummm%mﬂiﬂ@,muuummmm (power

conserving convention) aafian k = «/ 2/3 (K-N. Areerak, S.V. Bozhko, G.M. Asher, and D.W.P.
Thomas, 2008)

Y '
Tupeudennemsulanfin 2 e Aeguuuny of MWeguuunudaan (dq) Tae

unu d uaz g yuiu 90° uaasldaegi 3.3
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A J o o aa
Eﬂ‘ﬂ 33 Llwuﬂ'lwnﬂ!ﬁfliﬁ']ﬁiﬂﬂ’lillﬂa\iﬂﬂj

A 4 Y 1 aa 4 A [ dy
mﬂgﬂ‘ﬂ 3.3 @115MENNNT aff leagummuﬂm 1dvnaunsn (3-2) aail

M e

NAAUMIN (3-1) tag 3-2) aumsdmsumsutaalSum 3 e T ualSue 2 wa vu

a A

=
UNUARNTI D

f a
{ d}:K- f, (3-3)
f, ;

1 1 1

G i

A 1
uag 6 A9 HUISUINUNU o LaginU d
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o w 1

Mauae lazihnsulas@niunnansanadivdszneuais q meilensuaaduves

v 1 9
seuulugii 3.1 Fallneazidoanseae 1

U

321 mumMutazaAnie VeI

Source Bus AC Bus

R L

Ve, A
R Leq Iabc

Vg — L
R L

Vsc /\/?/(l Nvewa\

e AVay

10 3.4 Adumunazdmienhvesaodasias liheumla
A v 9 @ ~ o 1 o o
1n31N 3.4 ddumunazdiionihvesaedaiide il (ong, 1998)
[ aa a a Y { 1 1 4
awnsaeuiluiesauyada Id lasisuauninsannnussuianasenaed (AV,,, ) ¥

M lasaaunsi (3-4) e

d
AVabc = Req Iabc i Leq a(labc) (3'4)

Mnaumsi G-4) wmunddulsidlulFuna 3 wla dsinged Fsamnsautlaslniu

9
[

S 2 e vuunudal Tasedomasnamsniasang (K) Tadatl
KAV, =R (K™, )+ g K
dg — eq( dq) Leq dt( dq)

i i d, .
KKAV,, =R, (KK, )+ Lqua(K )

d (o
Aqu:Reqldq+Lqua(K lgo)
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d . d
AV =Ryglyq + Lqu[aK 1j|dq +L, (aldqj

9
v o aa [

aiuvz ldaumsvewssduanasouaediioguuLNuAf aeaumsn (3-5)

AV, 1, 1, -,
AVa=| o [FRal | [+ ha] 7 oL ) (3-5)
q

{ o < a 1 o 1% {
MnaumMs 3-5) awnsoinnaaiuiesauyadnivesaedaiias i 1daegali 3.5

Req Leq w Leq I sq
o AN\ LYY Y\ f\ °
—_— —/
Isd
Reg Ly @eals
o Y Y'Y\ f °
- 1)11 D

d' aSa d‘Q v Y o d' o 1" o w
g‘]J‘VI 3.5 TJQiliﬁiJi;I‘aﬂﬂ’JVILﬂﬂi]"Iﬂ@]’JGﬂ‘L!TI"MLLﬁ%@YJmufJ’Juile@Qﬁ'1EJﬁﬂﬂ"lle11/\|ﬁ1
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U < J
ﬂ?!ﬂﬂﬂi%ﬂﬂlﬂx‘iﬁ1ﬂﬁfi

3.2.2
AC Bus
Iabc
—> Vane
Ceq Ceq Ceq
l AIabc
314 3.6 dunvilszquesaodasias Inih
134 3.6 duRvilszguesamedemas lihawmaansadowiuiees
auyaaa ldTasinsanainnszua lWiha lvardudududsyy (Al Feswaaldnn
= A
AN (3-6) Ao
d
AIabc = Ceq a(vabc) (3-6)
Yo dy
ARaTl

) { 1 aAa [ a o
Mmsulasaumsi 3-6) Teguuunuaaa lagordomaing K 1

K™Aly, =C, %(Klvdq)

KK ™Al :Cqu%(Klvdq)

d _ d
Aly, :Cqu(aK l]qu +Cq (avdqj



MnaumMsi G-7) awnsoinadnasauyadnivesmedhias lwih lddegl

g

i

=}
N

U

+

Viusd + Ceq %wceqvbus q
+ ° J_

Vbus,q T Ceq %a)ceqvbus d

AaAa A A

3.7 ’Nmamaﬂmmﬂ@mﬂmmuﬂizqmamwdﬁﬁﬂﬂﬁw

v
=

n3.7
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323 uuudaesvedsnsaaenseuamuila

A ~ Y 4
:JJ“JJ‘VI 3.8 ’Ni]ilijf‘li‘éﬁ!Lﬁ‘Tﬁ'ﬁJL‘V\lﬁlmzﬂ’JHJGH‘L!‘VﬂquILWaE]lI

Y 1 )
199558anszuamudaaiavulas]dlalon 6 a1 uaadldaasdin 3.8 e

U

[ [ I [ 1
utlauseau ihaszuaaduuuuamaduussduihnszuanss wann L, Tuaeds
faslWihiniinersesSoanszuaaunla sz liinayumaoy (overlap angle) l¥usedu

& dy a Yy 1o 9 Y J
aRaan nansznuiiannsoinsaumulddismsladidunu R, nednuerdyaves
29951589nsziaa ued (Mohan, Underland, and Robbins, 2003) Tagian R, dunsafiuim

Tannaumsn (3-8)

R = - (3-8)

J v a [ A
’W\iﬂﬂfuﬂ'li’(?f’)@]“]f"llf]\?'J\W‘il?iﬁl\‘lﬂ‘i&!ﬁﬁ1ﬂﬂ/\lﬁ !L’ﬁﬂ\iul@g{ﬂﬂiﬂﬂ 3.9

U
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5.

A o a Jd ~ a J¢
g‘ﬂ“ﬂ 3.9 ﬂJUQJJTﬂ!fﬂiﬁ’NIGI)'GlJ’EN’N‘UﬁLﬁENﬂimlﬁﬁWm‘NﬁLm‘U‘Uiﬂﬁ]

A A A ~ = [y J @ a 4 . .. .
%1ﬂ§‘ﬂ°l/l 3.9 Lil’f)WinﬁmWﬂﬁWﬂﬂHﬁiWUﬁWNTiﬂlﬂlfJ‘L!V\lﬁﬂﬂ)’l&ﬂ']iﬁ'?@]“]f (Sakui, Fujita, and Shioya,

1989) 1@daaunsn (3-9) Av

sin( ot +¢)

s, » ,

S o e sin(a)t—?”+¢J (3-9)
S

_sin (a)t —%71+¢]_

A = A o =
e ¢ Avyanaedy

e

v A

o o a dq Y 1 aa @ a
‘VnﬂﬁLlﬂa\iw\‘iﬂ%uﬂﬁﬁ’)ﬁ%’i‘l’iE)gjlﬂullﬂuﬂﬂ’fliﬂFJfﬂﬁEJLiJﬁiﬂG]f K a3y

S, =K-S

q abc

safo]- B 2B ]
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o T Jd v a oA [l a o {
smuald =t -5t v laflsndumsadasnoguuunudafeaunsi (3-10)

_|Se | [3.243] cos(¢-4) -
qu{s}\fz 7 |sin(g-¢) 10

q

A A = v
o ¢, Av yumlaveuny d MeufuuUNY o

a v o J ' a J
Wﬂ”liilﬂﬁ']ﬂ’l']uﬁllWU‘B3814'31\‘1ﬂﬁ%t!ﬁklv\l‘ﬁ?ﬂﬁéﬁuﬂuwg}!La%ﬁWHLﬂWﬂW@]

v Jdo A

~ A 9 [ A
éll’f)\i’N%ﬁLifJ\‘]ﬂﬁmlﬁﬁ'"mlﬂﬁiugﬂ‘ﬂ 3.8 ﬂgulﬂﬂQWNﬁiJWH‘ﬁ TUNIIN (3-11) AD

| =S|

abc " dc (3_1 1)

in,abc

[

o ! 1 a [ a 4 o

mimsutlasaumsi G-11) IWeguuunuaaa Taserdomwaing K oz ldaumsanuduiug
li' 1 S a U d’ U L;}

yoanszua liihneguunnuaffeaunsh (3-12) Al

K-1 =K-S_.|

in,abc abc " dc

indg — I ) = S “lde
ing “ (3-12)

a ] 1 J 1 [ 9 a 9 a a
wmsmm1m”mmeu‘ﬁszwaNLmﬂu”lw171wmuﬂimgmazmunmqmm

= d' Y [ [ J o d‘ A
'Nﬁ]i!jﬂ\?ﬂigllﬁll‘ﬂﬂﬁ'llllwaclugﬂﬂ 3.8 fﬂghlﬂﬂ’ﬂllﬁﬂwu‘ﬁﬂﬁﬁllﬂ'ﬁﬂ (3-13) AD

-
Edc,l = Sabc\/bus,abc (3-13)

° { 1 a ] a 4 [ Y4
Mmsudasaumsi 3-13) Weguuunuaaa Taeordomaing K vz laaumsanuduius

% d' 1 aa o d’ % dy
6U’li]\iLlﬁN@’]’Lﬂfl/\l‘lﬂTI/]’E')§,J‘1J'Lll,Lf]”Llﬂi"’]’J?’]\‘if’(llfﬂi“l/l (3-14) AU

Eger =(K'Sy) (KV,

bus,dq )
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B =53 (K7) (K™ Vhusa G149

4 a 4 vAa I [ 09; _
Wowasng K Tamauiaiuee InTnuea (orthogonal matrix) aanu K* =K a¢'ld

Vus,
=[s, S,] Vb ’

bus,q

Edc,l = quv

bus,dq

dcl =35 Vbusd +S Vb (3-15)

us,q

&£ o

NNANNIIN (3-12) wag (3-15) AWITDVIUIIITAVYAVDINITITBINTEUAVUUNUAAD FI

o Y 9 o A { o ¥ {
aﬂymzﬂmmwiwmuﬂm ﬂﬂgﬂ“ﬂ 3.10 Iﬂﬁl‘ﬁ Sd LUag Sq ﬂ1u’3mllﬂi]1ﬂ’duﬂﬁﬁ (3-10)

|n d Ry
'A% % °
+ -_— +
Vbus d lac
Iin,q Edc,l Edc
—_—

+ 1:S,
Vbus,q é g 4 _

ﬂﬁ 3.10 299515040 LLﬂ'ﬁﬁJLWﬁVI’E)EJDuLLﬂuﬂﬂ’J

324 2993aNYAANIVDITTULIIN

v 9

a @ | ) 1 v 3
ﬂﬁi’JiJ’Nﬁ]iﬁiJiJ“ﬁaﬂ’JeU’tNﬁ’Nnuﬂ1ullﬁ%ﬁ’3lﬂﬁEJ’JHT’U?N’(?(HIEN Gl’JLﬂ‘lJ‘]J'i%ﬂq

Y

YOIEea az9asFeanszuanavuluiiven 3.2.1, 3.2.2 way 3.2.3 ansarhuey

@ Y v A £ g aa Iy T ~
s ldasgii 3.1 Fuiluesauyavuunudamedlamassievesszuulugili 3.1
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1 : Sd R,u
— A o
lind + +
T Idc
wceqvbus,q
q
Edc,1 Eqc
1:S,
—_— N + 5
I Iin,q
sq

= l
Vsq Vbus,q Ceq @CeqVhus d

ld' aa Q.'I 1 1
ETJ‘VI 3.11 ’N"‘ﬂiﬁlllluﬁﬂﬂ’)ﬂl@\iﬁ$‘]J”]J‘VINPJQLLTTE1\1%1$JE’H§JLW6

a A A
Wmmmwumwnﬂmaﬂugﬂm 3.12

Vs
Vbus ) S

\
S

~ o o o aa
Z.UJ‘VI 3.12 LlNuﬂWWL’JﬂW]fJ‘iﬁ1W§Uﬂ1illﬂﬁﬁﬂﬂ’)

1 . a 1 A
10319 3.12 Usznoudis unu of Miluunudedsluiinswyu unuaasd

1 @ 9 a Y 1 A [ A w v v A [
HM@NW\Iﬁﬂ‘ULLﬂu’E)N?NWHﬂ‘]J ¢1 aIU VS Ao ussauanUauvaie uag V. Asusiau

bus

wlaviaied alszinaldlyulaasiiuilsddunsadadve vaasGoanszuadmma (S)

o A A

dy A o Y Y = [ Jd o a J o
AIMNUNUNTNU m%hlﬂﬂmuﬂmmu d Nj\qllll,wa'ﬁﬁﬂﬂ’]_llqllléllﬂﬂwxiﬂﬂﬂ!ﬂ"lﬁﬁ")@‘lf NIDUUAD
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4

o 1w 4 o a o oo a 13 <3|

fiuald g iy ¢ e Indsuavesiladdumsaladuuuny g Jaudugud idums
(] [ o ~ @ ng [y d v a d A F2
FrvanaNuFutoulunuuinesweasiFeanssuaaula auinilandumsaiadiionla

AaauMIIN (3-16)

S 2B _
EREREESH o

9
[ o w v W o

uazttlea1nmsudasnnd 1¥d1dsuaunsulaauuaiainias aaiuaINIsof1uIuUmI

U
4

v A o T aa Y o A v A
LIIAUNUF LN APV ULNUAN (Vqu ) 1@daaunsn (3-17) fail

ooz

d‘ =) aAa o.'/ 1 U 9 1w
ANAUNITN (3-16) ﬁHJﬁfl!GUfJu’Nﬁ]'56113;1,?3@?]3%@\1ile”]J‘VINijilmax‘]ﬁnﬂﬁ'”lm‘ll\lﬁvlﬂiﬁu ﬂ\‘lg‘ﬂ

73.13

Req Leq C!)Leqlq il A Sd R#
NN — A%
A lin,d + —_— +
. 0 lie
VSd Vbus,d::Ceq wceqvbus,q g Edc,l Edc

—_— + —
ling=0

lsq
v L <

Vbus,q Ceq a)Cqubus,d

U7 3.13 2 seruyafnvessTuuN a1 S, =0
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a J d

o Ao | Y] Y dr:;
3.25 mswac‘nu°mmJ1Jc‘n1amﬂmasxu1JﬂuiﬁaﬂnJmamuﬂmwmmumn-namn

A o
Tusinanauga
A o Y aa by o s £ Y
Wethimsad1anesauyadavedssuunRamaswa e duna?

4 =57 A

G]E]ll‘ﬂﬂﬂu1jﬁﬁﬂjﬁﬁlillﬂa\1INL!L!JJ‘]JU?"Iﬂ yaa ]liJﬂJG]’Jﬂ’JiJﬂlliﬂvnﬂﬁL%@llﬁﬂ Llﬁﬂﬂlfl\@g{ﬁﬁiﬂ‘ﬂ

U Y

3.14

Req Leq w Leq | q |_f Q

s U+ |—' W W -
I ind
sd | d . u(t) L :
" Vbus d::C wCqubus} Bocr  Eoc VaesR } Cc Vo R
' eq
_ _ch !

— + —
ing— 0

o
3

I

—

f—
+

Vsq Vbus,q Ceq CeqVus,d

319 3.14 299sauyavesszuy Iihannsanuuenuryuaa)

[ a

a s o o s a .
ﬂ1i’3lﬂfﬂgWWH!‘U‘Uﬂ?ﬁ@ﬁﬂ$ﬂ1luuﬂ1iu1ﬂ§]"Uf]\?l,ﬂf]iclfflww (Klrchhoffs law)

a 4 A 4 o J Y v da'
3J’l'3lﬂ'§’l$1’i')\ﬁ]iclu§ﬂﬂ 3.14 FIYATUNITOYNUTD meulﬂmu



25

R, 1 1
Isd == L : Isd +a)|sq _:Vbus,d +L_\/§'Vs COS(;L)

€q q €q
. R 1 1 .
lg =—0ly ——21 —=V,  +-—=+3-Vsin(1)
sq sd sq bus,q s
Leq Leq Leq
Vbt:sd:ilsd—i_a)vbusq_\/g'ﬁldc
‘TC, N2 7C,
.1

. \/g 23 (R, +R;+R,) 1 R.u(t)
IdC: _'_Vbusd_—ldc__vdc_{_ IL

2 7L, ™ L, L, L,
1,

; _l-u(t), 1 (3-18)

d‘ = - a 4 v v J 4 Y o d'
e u(t) Aeilsndumsaintvoarvsuasdunnuting-yead uaad ldaaaunsi (3-19)

u(t)— 1, O<t<dT, (-19)
o, dT, <t<T,

o A L ~ = a 4 A &
LL‘U‘Umammﬁﬂmﬁmﬁmiuﬁumi‘n (3-18) WUNUWITIUINDT U(t) nlu

J v { a a o a 4 @
HeanFuvoan (time varying) ﬁlﬂﬂQWﬂWf]G]ﬂi'ﬁJﬂﬁ'VINTL!*Uﬂﬁﬁﬁﬂ%ﬂlﬂﬂﬁﬁﬂillﬂaﬁwu

@

4 = o ° Y & o PRIV { g ]
LL’U’]J’]Jﬂﬂ-‘iJ“ﬁG] %\W]?N'imﬂﬁL!‘]JﬁQLHJ‘U%Tﬁ’ENGlWL‘]J‘LllL‘]Jll"lﬂﬁ@Q’ﬂth‘“'U‘Llﬂ’]JL'JﬂW Tﬂﬂiu%uﬂ%i%’

'
a a o

v 1 9
Maunaslsaianiuzinll FaliswazBeadeas 1l

Y

Tag 1) daymna £ (t) laq Dfludyapusieas Fadmudu T awse

WoulieglugiloynsuyiesiFadon (T.W. Gamelin, 2000) Tddsauns (3-20) dail
()= 3 (x), (e a0
k=—o0

] 4

e (X), (t) fie dudszandufsesizedon mldan
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1 i
_ = - jkayt _
(X) (0)=7 [ (t)e (3-21)
T
< 2
Tagh @, =—
T
auautiansuduvesdudse@nsysiosiFadou dufunisigainm

a Aa

uurasanundamansvesszuliihiaclugli 304 Taeld3aundelSglanius

U

Y
=~

RXSIRTEN

ﬂmﬁuﬁ’ﬁmmé’mmmﬂﬁﬂuuﬂmmmam uaadlddaaumsd (3-22) ﬁaﬁ%
i<x>k :<dx> — jkap, (X), (3-22)
dt dx/,

Auaulifvesnnuduiutvemsam naaalddaaumsi (3-23) il
<XY>k = Z<X >k—i <Y >i (3-23)

9
=

v v 9
& f(t) A A33 (AFINMATUMINT YA IeMD) taad ldasaumah (3-24) Asil

<X>—k =<X> =<X>k (3-24)

d,dy 1a o a o o =< 9 v W -4

1uﬂuﬂ$1MWﬂ1im1WﬁﬂJ@\18151Nuﬂ0uﬂﬂq\‘l %Qi%ﬂWiﬂi$M1mfluﬂUﬁuﬂ
a J a

(zero-order approximation) mmmgﬂmz\!imwmcffau (Mahdavi, Emadi, Bellar, and Ehsani,

1997) Tagisuduiinsandyaramsadng u(t) Al 3.15
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u(t)

A @ a d @ o o 4
?jﬂ‘ﬂ 3.15 QJJﬂJWﬂ!ﬂTiﬁ"JW]f‘U@Q'Nﬁ]'iLI,‘IJaQWULL’U‘]J‘Uﬂﬂ-‘]J“ﬁﬂ

[

1 o a & (a J a a J @
ﬂ']iﬁ?ﬂWﬁiJﬂﬁ%ﬁVl‘ﬁ‘l{‘\!iLﬂﬁl%ﬁ%@um@ﬂﬁﬂlﬂﬂﬂ!ﬂTﬁﬁjﬂ‘Hﬂlﬂﬂ?\i%ﬁllﬂa\iwu

g 9

U

v o J { i a v W Jd o Y o Y
puwian-yaalugli 3.15 wennsanmsdszanaduaugud i lalasimualda k=0
Y

uazunudn u(t) nnaumsin (¢-19) asluaumsi G-21) wwld

(u)y == Il-eodt
<u>0 =—-dT;

4

Y o A a " v @ 4 @ a d A
%81@]611‘1]381’1"1/]‘ﬁfﬂi‘ﬂi$N1mﬂ1@uﬂﬂﬂu86ﬂﬂﬂﬁiyfyﬂmﬂ?iﬁ’m"“b’ 19
(u), =d (3-25)

A A Vv o o ) o o 4
e d fo ﬂTJ;]ﬁ]ﬂ'ﬁﬂTﬁ‘Vﬂ\ﬂu"lJ’é)\‘i’J\iﬂiLLﬂﬁﬁNuLLUU’Uﬂﬂ-y’ﬁﬁ

v W

disudulsaozueauuirassluaunisi 3-18) awisodeuliodly

¢ v @ J

o a aml|m Ja @ { [ J
sildulszandsies Fadouduaugud naasladeaunsi (3-26) asil
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<|sd >o =l

<ISQ>0 =l

<Vbus,d >0 =Vius g

Viusit )y = Vousq (3-26)
<|dc >o = lg

<Vdc >o =V

<|L>o =1

(Vo)o =Vo

=S

~ ga 1 a Aa o a 4
nndunsn 3-18)  d@wsalditaundedigianiuznaldigeim

1
o A Y a A o a & a s a 9 I I
ISINIR NG IN] Tﬂmﬁuﬁuwmimmﬁnﬂixﬁwﬁz\!ﬂﬁmﬁm%aumm Isd Lﬂumuﬂiﬁmumm

4
v A

o Aq ¥ v W 4 9
LL“]J“LIiﬂﬁ@\i‘]/lcl“lffﬂ‘iﬂﬁ$NWmﬂW@uﬂ‘Llf[u&J uﬁm“l@mu

. Ry, 1 1 [3 ]
<|Sd>0——:q<lsd>o+w<lsq>o :q<vb”5*“>0+L_m\Evm cos(4) (3-27)

NAAUMTA (3-27) aangounu(Ly ) =l <Isq>0 =1, 108 (Voo g >0 =V, ¢ 9 1IN

a [ 4 o a @ { 1 g 1o @ 1 [ y
m@uwuﬁmmgmmmmmwamﬁ”lmﬂ?uagﬂmamuﬁmmﬁumsﬁ (3-28) Aail

. R
ly =—— 1y +ol _ivbus,d +i\va cos(A) (3-28)
L, L L, \2

q €q q
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50

A o

smuald G, (s) fedanruguassued narmuduniienh

B Kpis+ K,
B S

G, (s) (3-57)

k4 1 1
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o 1 a 4
%%%%%%%% AT UAMNITIUADIUDITSULU %%%%%%%

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 lsunsumsAumaieIBueaiingu - du %%%%%%

Vbus (1l)= 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 o)) ;
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* (Ru+Rf)
*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) /7Z
-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

%%%%%% %% Namasvod 1alsunsuy %%%%%%%

Lamda = Lamda (k)
Vbus Vbus (k)
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o 1 a 4
%%%%%%%% NIUUAATNITTIULADIUDITISUD %%%%%%%

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);

%%%%%% fuaaumsns Inaveaiaa lulih %%%%%%

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_o*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) ) /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

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

%%%% AU luuasng A B C uag D %%%%

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

000O0d/L 0 -(1-d)/L

00000 (1-d)/C -1/(R*C)]1;

0
00

[eoNeoNeoNe]

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

o A
%%%% LL%ﬁS‘]J‘]Jﬁ?Jﬂ”Iﬁ@L!WM‘ﬁ Lﬁamwamma‘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 1 a 4
%%%%%%%% NIUUAATNITTIULADIUDITISUD %%%%%%%

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*Leq/pi;

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

NN J O~

%%%  fuuauming naveshas i lugamshousudy - %%%

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) /7Z
-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) ) /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

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

%%%%  annumaulsaoiuzlugamatiouEudny %%%%

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
Vdc (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) = Ar*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(kl)-Vdc(kl-1))/Vdc (k1)) *100;

E Idc = abs((Idc ol (kl)-Idc ol(kl-1))/Idc _ol(kl))*100;
E dm = abs((dm(kl)-dm(kl-1))/dm(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 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 (k1-1);
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)

%%%  MurmaumMsms lnavesias lwihmasdSunldeugamsiian %%%

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 (3 * r))

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

%%%%  muumdwlsaniusnaliunlasugansiiay %%%%

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>=El§E dm>=E1&¢E IL>=E1gE Xv>=El&E Xi>=El

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

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

else

dm(kl) = Vo_oZ/(Vdc(kl)—IL_oZ(kl—l)*Ron+Vo_02);
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 02 (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 (k1-1)
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IL 02 = IL o2(kl-1)
Xv_o02 = Xv_o02(kl-1)
Xi 02 = Xi o02(kl-1)

o ' a J
%%%% auum 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;

a610 = -Kii*IL 02/Ar/Cf;

a76 = -Kpi*IL o02/Ar/L-Kpv*Kpi*Vo o02/Ar/L
+Kiv*Kpi*Xv_02/Ar/L+Kii*Xi 02/Ar/L+Kpv*Kpi*Vo o2/Ar/L;
a7l = -Kpi*Vdc o02/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 02/Ar/L

+Kii*Xi 02/Ar/L+Kpv*Kpi*Vo 02/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);

a71l0 = Kii*(Vdc o2 + Vo 02)/Ar/L + Ron/Ar/L* (-Kii*IL 02);
a87 = 1/C+2*Kpi*IL o02/Ar/C+Kpv*Kpi*Vo o02/Ar/C
-Kiv*Kpi*Xv 02/Ar/C-Kii*Xi o02/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 02/Ar/C;

A = [-Reg/Leq w -1/Leg 0 0 0 0 0 0O
-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)
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%%%%
bll = (1/Leq)*sqrt(3/2)*cos (Lamda2) ;
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];
%%%%  fmudumlumaIndg C iaz D %%%%

o ' a J
Muum luwasng B %%%%

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

%%%%

sys =

[ 4
Hﬁﬁgﬂﬂﬁﬂﬂ13@HWUﬁLﬁ@ﬁTWﬁﬂTﬁﬁﬂUﬁu@ﬁ %%%%

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;




171

%%%%  MUIUAMTYIDAIVAY

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;




172

sk sk sk s s sfe s sfe s sfe s sfe s sfe s s sk sk sk sk sk sk sk s st s sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk kot sk kot sk kool sk koo kokokokokoskosk

) o o J a 4 o T
NAKNUIN N.4 IﬂiuﬂinaTWiUﬂ1iﬂ1u]ﬂﬂ4HB1@W@@NWH@HQWYNNQHWQQ%WH%@Q?Q%?

=

~ a Jaa I @ o J J Ao =
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o 1 a o
%%%%%%%% AU UAMWITINADIVDITSUU %%%%%%%

Vo 02=50;
Vs2=15*sqrt (2) ;
Vo _ol=Vo 02-10;
Vsl=15*sqrt (2) ;
f = 50;
Reg=0.275;
Leg=217.82e-6;
Ceqg=2e-9;
Rf=0.853;
Lf=74.03e-3;
Cf=205.21e-6;
Rc=4.717;

R=80;

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

Rfx = Rf;

w = 2*pi*f;

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

%%%%%  AudIMaunIms lavesdiad i %%%%%

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 + 1/R2*Vo2 02"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
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* (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))/Z2-1/3*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(1l,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

Lamda?2 = abs (Lamda (k)) ;
Vbus2 = abs (Vbus (k));
Rf = Rfx;

%%%%%% AU luuaIng A B Cuaz D %%%%%%

MA = [-Reg/Leq w -1/Legq 0 0 O
-w -Req/Leq 0 -1/Leqg 0 O
1/Ceq 0 0 w -Sd/Ceqg O
0 1/Ceqg -w 0 0 O
0 0 sd/Lf 0 -(Ru+Rf+Rc)/Lf -1/Lf
0 00O01/Cf O0];

Bll=(1/Leq) *sqrt (3/2) *cos (Lamda2) ;
B21=(1/Leq) *sqrt (3/2) *sin (Lamda?2) ;

MB= [Bl1l 0

B21 0
0 0
0 0
0 Rc/Lf
0 -1/Cf1;

MC = [0 00O0O0 171
MD = [0 O];

o o o 1
%%%% muammwﬂﬂ%umﬂiaumm Zo LLﬁ%LLﬁﬂQL!WUﬂTWIU@ %%%%

[num,den] = ss2tf (MA,MB,MC,MD, 2) ;
G = tf (num,den)
bode (G, {1,3000})




174

sk sk sfe s s sfe s sfe s sfe s sfe s sfe s sfe sk sk sk sk s sk st sfe sk sfe st st sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk kot sk kot kool kol kokokokokokokokokok sk

) o o a a J Iy
MARWIN 0.5 T5unsud s umMsmuInmauyaauiuausn 19 1Manv941993

=

~ a Jaa I @ o J J Ao =
Li&ﬁﬁguﬁﬁnﬂWﬁuﬂﬂuiﬂ%%uiﬂaﬂﬂhyNﬂiuﬂﬂﬂNHHUUUﬂﬂﬁgﬁ@ﬂimﬂnﬂﬁﬂﬁﬂﬂquﬂ

sk ke sk sk sk sk sk sk sk sk sk sk sk sk sk skeoske skeosk skeosk sk sk sk sk sk sk sk sk sk sk sk skeoske sk sk sk sk sk skeoske skeoske skeoske skeoske skeosk skosk stk sk sk skeoske sk skoskeoskokoskoskoskokok ko skok sk

o 1 a o
%%%%%%%% AU UAMWITINADIVDITSUU %%%%%%%

Vo 02 = 60;

Vs2 15*sqrt (2);
Vo ol = Vo _02-5;
Vsl 15*sgrt (2) ;
Ar =
Kpv
Kiv
Kpi
Kii =
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;

Rfx = Rf;

tstep = le-3;

tcheng = 5;

Lt = 10;

w = 2*pi*f;

Ru = 3*w*Leq/pi;

[r,Z] = cart2pol (Req,w*Leq);

O.

=

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

NN J O~

Sd = sqgrt(3/2)*2*sqrt (3) /pi;
GI=sqrt (3)/(sSd);

%%%%%%%%  ATUIUANMTNT 1Havoaad T %%%%%%%

Vo o = Vo _02;
Vs = Vs2;
Vbus (1) =
Lamda (1) =
EV=100;
EL=100;
ES=1e-10;
k=1;
clear j

99*Vs2;
1

’

0.
0.
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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+1/R2*Vo2 02"2;

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

J(1,1)= Vs*cos (r-Lamda (k) ) /Z-2*Vbus (k) *cos (r) /Z2-1/3*GI"2
* (Ru+tRfn) *2* ((Vs-exp (- *Lamda(k)))/(Z*exp(j*r)))*(—l)
*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) ) /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

Lamda?2 = abs (Lamda (k)) ;
Vbus2 = abs (Vbus (k));
Rf = Rfx;

%%%%%%%%  MUIUAAMTADIUE  %%%%%%%

E vdc = 100;

E Idc = 100;

E dm = 100;

E IL = 100;

E Xv = 100;

E Xi = 100;

El = 0.1;

k1l 1;
Idc_o02(1l) = Idc;

while E Vdc>=E1§E Idc>=E1&E_dm>=E1&E IL>=E1E Xv>=E1&E Xi>=El

Vde (k1) = 3*sqrt(3) /pi*Vbus2- (RutRf) *Idc o2 (kl);
if kl==

dm(k1l) = Vo 02/ (Vdc(kl)+Vo o2);

else

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

Xi 02(kl) = Ar*dm( /Kll,

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




176

Xv_02(kl) = IL o2(kl)/Kiv;
d 02 = dm(kl-1)

Idc_o2 = Idc_o2(kl)

Vdc_ o2 = Vdc (kl-1)

IL 02 = IL o2(kl-1)
Xv_02 = Xv _o02(kl-1)
Xi 02 = Xi o02(kl-1)
Iin 02 = d o2*Idc o2
o 1 a 4
%6%%%%% ﬂ']l!’)ﬂ!ﬂﬂumﬂiﬂ“]f ABCuaz D %6%%%%%

all 1 = Vdc_o2/(L*Ar*Ar*d o2)* (Kpi”2*2*Iin o02/d o2
+Kpin2*Kpv*Vo 02 - Kpi”2*Kiv*Xv 02 - Kpi*Kii*Xi o2
-Kpi"2*Kpv*Vo 02 + Kpv*Kpi”®2*Vo 02 - Kpi"2*Kiv*Xv_ 02
-Kii*Kpi*Xi 02 - Kpv*Kpi“2*Vo o02);

all 2 = Kpi*Vo 02/ (L*Ar*d o2);

all 3 = Vo _o02/(L*Ar*Ar*d o2)* (Kpi~2*2*Iin 02/d o2

+ Kpi®2*Kpv*Vo 02 - Kpi”2*Kiv*Xv 02 - Kpi*Kii*Xi o2

- Kpi®2*Kpv*Vo 02 + Kpv*Kpi“2*Vo 02 - Kpi”2*Kiv*Xv o2
- Kii*Kpi*Xi 02 - Kpv*Kpi“2*Vo 02);

all 4 = -Ron/Ar/L* (-2*Kpi*Iin 02/d 02-Kpv*Kpi*Vo o2
+ Kpi*Kiv*Xv_02 + Kii*Xi 02 + Kpv*Kpi*Vo 02);

all = all 1 + all 2 + all 3 + all 4;

al2 1 = 1/(L*Ar*Ar)* (Kpi”"2*IL 02"2+Kpi”"2*Kpv*IL 02*2*Vo 02
- Kpi®2*Kiv*IL 02*Xv_ 02 - Kpi*Kii*IL o02*Xi o2
- Kpi®2*Kpv*IL o2*Vo 02);

al2 2 = 1/(L*Ar*Ar)* (Kpv*Kpi”2*IL 02*2*Vo 02
+Kpv"2*Kpi”t2*3*Vo 0272 - Kpv*Kpi"2*Kiv*Xv 02*2*Vo 02
-Kpv*Kpi*Kii*Xi 02*2*Vo 02 - Kpv"2*Kpi~t2*2*Vo 02"2);

al2 3 = 1/(L*Ar*Ar)* (-Kpi®2*Kiv*Xv 02*IL o2
- Kpit2*Kiv*Kpv*Xv 02*2*Vo 02 + Kpi”2*Kiv"2*Xv 0272
+ Kpi*Kiv*Kii*Xv 02*Xi 02 + Kpi"2*Kiv*Kpv*Xv 02*Vo o02);

al2 4 = 1/(L*Ar*Ar)* (-Kii*Kpi*Xi 02*IL 02
- Kii*Kpv*Kpi*Xi 02*2*Vo 02 + Kii*Kpi*Kiv*Xi o02*Xv_ o2
+ Kiin2*Xi 0272 + Kii*Kpv*Kpi*Xi o2*Vo 02);

al2 5 = 1/(L*Ar*Ar) * (-Kpv*Kpi~2*Vo 02*IL 02
- Kpv"2*Kpi”t2*2*Vo 0272 + Kpv*Kpi”2*Kiv*Vo 02*Xv_ o2
+ Kpv*Kpi*Kii*Vo 02*Xi 02 + Kpv"2*Kpi“2*Vo 02"2);

al2 6 = 1/(L*Ar)* (Kpi*IL 02 + Kpv*Kpi*2*Vo 02
- Kpi*Kiv*Xv 02 - Kii*Xi 02 - Kpv*Kpi*Vo 02);
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al2 7 = vdc_o02/(L*Ar*Ar) * (Kpi"2*Kpv*IL 02+Kpv*Kpi~“2*IL o2

+ Kpv"2*Kpi®2*2*Vo 02 - Kpv*Kpi~2*Kiv*Xv o2
- Kpv*Kpi*Kii*Xi 02-Kpv"2*Kpi~2*Vo 02-Kpi"2*Kiv*Kpv*Xv o2
- Kii*Kpv*Kpi*Xi 02 - Kpv"2*Kpi~2*Vo 02);

al2 8 = Ron*Kpv*Kpi*Iin o2/Ar/L;
alz = al2 1 + al2 2 + al2 3 + al2 4 + al2 5
+ al2 6 + al2 7 + al2 8;

al3 1 = Vdc_ o2/ (L*Ar*Ar) * (-Kpi”2*Kiv*IL o2
- Kpv*Kpi”®2*Kiv*Vo 02 - Kpi"2*Kiv*IL 02

- Kpi”2*Kiv*Kpv*Vo 02 + Kpi®2*Kiv"2*2*Xv o2
+ Kpi*Kiv*Kii*Xi 02 + Kpi”2*Kiv*Kpv*Vo o2

+ Kii*Kpi*Kiv*Xi 02 + Kpv*Kpi”2*Kiv*Vo 02);
al3 2 = -Kpi*Kiv*Vo_ o2/ (L*Ar);

al3 3 = Vo 02/ (L*Ar*Ar) * (-Kpi”2*Kiv*IL o2

- Kpv*Kpi”2*Kiv*Vo 02 - Kpi"2*Kiv*IL 02

- Kpi”2*Kiv*Kpv*Vo 02 + Kpi"2*Kiv"2*2*Xv o2
+ Kpi*Kiv*Kii*Xi 02 + Kpi”2*Kiv*Kpv*Vo o2

+ Kii*Kpi*Kiv*Xi 02 + Kpv*Kpi”2*Kiv*Vo 02);
al3 4 = -Ron*Kpi*Kiv*Iin o2/Ar/L;

al3 = al3 1 + al3 2 + al3_ 3 + al3 4;

ald 1 = Vdc 02/ (L*Ar*Ar)* (-Kpi*Kii*IL o2-Kpv*Kpi*Kii*Vo o2
+ Kpi*Kiv*Kii*Xv 02 - Kii*Kpi*IL o2 - Kii*Kpv*Kpi*Vo o2

+ Kii*Kpi*Kiv*Xv 02 + Kii”®2*2*Xi 02 + Kii*Kpv*Kpi*Vo o2

+ Kpv*Kpi*Kii*Vo 02);

ald 2 = -Kii*Vo 02/ (L*Ar);

ald 3 = Vo 02/ (L*Ar*Ar)* (-Kpi*Kii*IL 02 - Kpv*Kpi*Kii*Vo o2
+ Kpi*Kiv*Kii*Xv 02 - Kii*Kpi*IL 02 - Kii*Kpv*Kpi*Vo o2

+ Kii*Kpi*Kiv*Xv_ 02 + Kii"2*2*Xi 02 + Kii*Kpv*Kpi*Vo o2

+ Kpv*Kpi*Kii*Vo 02);

ald 4 = -Ron*Kii*Iin o2/Ar/L;
ald = ald 1 + ald 2 + ald 3 + ald 4;

bll 1 = Kpi”2*IL 0272 + Kpi®2*Kpv*IL 02*Vo 02
- Kpi”2*Kiv*IL 02*Xv 02 - Kpi*Kii*IL 02*Xi o2
- Kpi”2*Kpv*IL o2*Vo 02;

bll 2 = Kpv*Kpi”®2*Vo 02*IL 02 + Kpv"2*Kpi~2*Vo 0272
- Kpv*Kpi"2*Kiv*Vo 02*Xv 02 - Kpv*Kpi*Kii*Vo 02*Xi o2
- Kpv"2*Kpi~2*Vo 02"2;

bll 3 = -Kpi®2*Kiv*Xv_02*IL 02 - Kpi"2*Kiv*Kpv*Xv o02*Vo o2
+ Kpin2*Kiv"2*Xv_ 0272 + Kpi*Kiv*Kii*Xv 02*Xi o2
+ Kpit2*Kiv*Kpv*Xv_02*Vo 02;
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bll 4 = -Kii*Kpi*Xi 02*IL 02 - Kii*Kpv*Kpi*Xi 02*Vo o2
+ Kii*Kpi*Kiv*Xi 02*Xv 02 + Kii"2*Xi 02”2
+ Kii*Kpv*Kpi*Xi o02*Vo 02;

bll 5 = -Kpv*Kpi"2*Vo 02*IL 02 - Kpv"2*Kpi~2*Vo 02”2
+ Kpv*Kpi"2*Kiv*Vo 02*Xv 02 + Kpv*Kpi*Kii*Vo 02*Xi 02
+ Kpv”*2*Kpi~2*Vo 0272;

bll = 1/(L*Ar*Ar)*(bll 1 + bll 2 + bll 3 + bll 4 + bll 5);

bl2 1 = Vdc 02/ (L*Ar*Ar)* (-Kpi"2*Kpv*IL 02-Kpv"2*Kpi~2*Vo o2
+ Kpi®2*Kiv*Kpv*Xv_ 02 + Kii*Kpv*Kpi*Xi 02 - Kpv*Kpi”®2*IL o2

- Kpv"2*Kpi”®2*Vo 02 + Kpv*Kpi”2*Kiv*Xv 02 + Kpv*Kpi*Kii*Xi o2
+ Kpv"2*Kpi~2*2*Vo 02);

bl2 2 = Kpv*Kpi*Vo 02/ (L*Ar);

bl2 3 = Vo 02/ (L*Ar*Ar)* (-Kpi"2*Kpv*IL 02-Kpv"2*Kpi~2*Vo o2

+ Kpit2*Kiv*Kpv*Xv_ 02 + Kii*Kpv*Kpi*Xi 02 - Kpv*Kpi”2*IL o2

- Kpv"2*Kpi”®2*Vo 02 + Kpv*Kpi”2*Kiv*Xv 02 + Kpv*Kpi*Kii*Xi o2
+ Kpv"2*Kpi~2*2*Vo 02);

bl2 4 = -Ron*Kpv*Kpi*Iin o02/Ar/L;

bl2 = bl2 1 + bl2 2 + bl2 3 + bl2 4;

Fd 02 = -Kpi*IL 02 - Kpv*Kpi*Vo 02 + Kpi*Kiv*Xv 02
+ Kii*Xi 02 + Kpv*Kpi*Vo 02;

a2l = (Ar/C*Fd o2 - Ar/C*Iin o2* (-Kpi/d 02))/Fd 0272-1/C;
a22 = -Ar/C*Iin o2* (-Kpv*Kpi)/Fd 0272 - 1/(R*C);

a23 = -Ar/C*Iin o2* (Kpi*Kiv)/Fd 02"2;

a24 = -Ar/C*Iin o2*(Kii)/Fd 02"2;

b21 = 0;

b22 = -Ar/C*Iin o2* (Kpv*Kpi) /Fd 02"2;

a4l = (-Ar*Fd o2 + Ar*Iin o2*(-Kpi/d 02))/Fd 02"2;

a42 = Ar*Iin o2* (-Kpv*Kpi)/Fd 02”2 - Kpv;
a43 = Ar*Iin o2* (Kpi*Kiv)/Fd 0272 + Kiv;
a44 = Ar*Iin o2* (Kii)/Fd o02"2;

b4l = 0;
b42 = Ar*Iin o2* (Kpv*Kpi)/Fd 0272 + Kpv;

MA = [all al2 al3 ald
a2l a22 a23 a24
0 -1 0 0
adl ad?2 a4d3 addl;
MB = [bll bl2
0 b22
0 1
0 bd2];

MC

[1 00 01;
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MD = [0 O];

o o o 1
%%%% AN TUa1e Touved Zi Lazud@aduHunIn lua %%%%

[num,den] = ss2tf (MA,MB,MC,MD, 1) ;
G = tf(den,num)
bode (G, {1,4000})
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Y @ A A ) [ A o
DIANUIN 7.1 IﬂillﬂinﬂﬁﬁiﬁﬁﬂgﬂuﬂmWﬂ‘]JL‘]_IaQL’EHJ ﬁ1ﬂiﬂﬂ§ﬂ%ﬂﬁ’ﬂumﬂu§$1J°]J’Nl,ﬂﬂ

sk ke sfe sk sk sk sk sk sk sk sk sk sk sk sk skeoske skeosk skeosk sk sk sk sk sk sk sk sk sk sk sk skeoske sk sk sk sk sk sk sk skeoske skeoske skeoske sk skeosk sk sk sk sk sk skeoskeoskokeoskoskoskoskok ko skok sk

%%%%% %% Usemamueanindls  %%%%%%%%

#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)

’

’

’

%%%%%%% HHUA InuAdyan PWM NUANMND S kHz  %%%%%%

void setup() {

pinMode (EN, OUTPUT) ;

pinMode (A0, INPUT);

pinMode (A1, INPUT) ;

TCCR1A = (1<<COM1Al) | (0<<COM1RO0) ;
TCCR1A |= (1<<COM1B1) | (0<<COM1BO) ;
TCCR1B = (1<<WGM13) | (0<<WGM12) ;
TCCR1A |= (0<<WGM1l1l) | (O<<WGM1O0) ;
TCCR1B |= (0<<CS12) | (0<<CS11l) | (1<<CSs10) ;
ICRL = 1600;

TCNT1=0;

}
o o A ' Y Yq ¥
%%%%% Q‘]Jﬂﬁ%"lﬂ"lﬂ ﬁﬁJﬁﬂ‘]Ji’]JLWll-aﬂ f1 Duty Cycle hlﬂiﬂﬂﬁﬂsb'ﬂu %%%%%

void loop () |

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

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

1if(d>1120) {d=1120;}
delay (1000);}}

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

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

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

}
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Y o Ay A ) [ A a
DIANUIN 7.2 Tﬂmﬂmmsaﬁmmmwmwﬂumagmu ﬁ1ﬁ§ﬁﬂ§ﬂ%ﬂﬁ@ﬂﬂlﬂuizﬂﬂiﬂﬂﬂ

sk ke sfe sk sk sk sk sk sk sk sk sk sk sk sk skeoske skeosk skeosk sk sk sk sk sk sk sk sk sk sk sk skeoske sk sk sk sk sk sk sk skeoske skeoske skeoske sk skeosk sk sk sk sk sk skeoskeoskokeoskoskoskoskok ko skok sk

%%%%%%% Usemanveaninls  %%%%%%%%
#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 70077777707077777777777
L1777 70707 7777707077777777777

float
float
float
float

Kp v
Ki v
Kp i
Ki i

= 0.0816;
= -0.0754;
= 3.255;

= -0.8489;

L1177 07077777707077777777777

//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 [ < <
%%%%% U5 THUANTOIUMBUIRDN LVVITI %%%%

#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)

’

%%%%%%% fvua lvuadyia PWM faud 5 kHz  %%%%%%

pinMode (EN, OUTPUT) ;

(
pinMode (A0, INPUT) ;
pinMode (A1, INPUT);
TCCR1A = (1<<COMI1Al) | (0<<COM1AO0) ;
TCCR1A |= (1<<COM1B1l) | (0<<COM1BO) ;
TCCR1B = (1<<WGM13) | (0<<WGM12) ;
TCCR1A |= (0<<WGM1l1l) | (0<<WGM10) ;
TCCR1B |= (0<<CS12) | (0<<CS11l) | (1<<CSs10);
ICR1L = 1600;
TCNT1=0;

}

void loop () {
%%%%%%%  SUAMTIAND19D NGTFOU %%%%%%

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);}}

1 1 o t4 @
%%%%%%% f]']l‘lﬂ']l,!i\‘]ﬂullﬁgﬂigllﬁﬂ'lﬂq’ﬂﬂim@li'ﬁ]ﬁﬂ %%%%%%

for (int x=0;x<10;x++)
{rv = analogRead (AO0);

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

%%%%%%%  1IGNTZUIMMSVBIAIAIUANT 0QUUTIAY  %%%%%%

=V ref - rv;

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

else 1f (I>10){I=10;}

I1k=I;

ek v=e v;

e v
I =

Y v
%%%%%%%  1INGNTZUIUMIVBIAINIUANT logUnszud  %%%%%%

e i1 =1-ri;

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

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

dk=d;

ek i=e i;
%%%%%%% 11511 Duty Cycle Iagfanuguon Tulia - %%%%%%

OCR1A = d;
OCRI1B d;
}
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A 9 [ 4
meldlumsszyonanyal
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MSYNA Initial number neighbor Iaetaan ¥ 1uININAY 10, 15, 20, 25 1Az 30 A4

M15199 4.1 Taefmualy Round = 10, Number neighbor = 10, Radius = 20 % Ua¢ DF = 1.01

A9 4.1 MINATOUINOWIAT Initial number neighbor

milanduiaguszasa (W)

24 Initial number neighbor
AIIN
10 15 20 25 30
1 0.2256 0.2256 0.2252 0.2248 0.2256
2 0.2307 0.2262 0.2246 0.2255 0.2250
3 0.2260 0.2269 0.2265 0.2242 0.2240
nay 0.2274 0.2262 0.2254 0.2248 0.2249

9
[ Y

1NA5199 9.1 WU 1% Initial number neighbor 11111 25 3¢ 1as1 W imaesilosiga daiiu

aen1% mitial number neighbor = 25

MIMIAN Radius 1ae1don1HA 1N 10 %, 20 %, 30 %, 40 % 1AL 50 % VOIVDUA
HaAIaan3199 9.2 Taesmualyd Round = 10, Number neighbor = 10, Initial number neighbor

=25uay DF=1.01
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milanduiaguszasa (W)

24 Radius
Asan
10 % 20 % 30 % 40 % 50 %
1 0.2244 0.2248 0.2275 0.2292 0.2362
2 0.2283 0.2255 0.2245 0.2294 0.2329
3 0.2293 0.2242 0.2291 0.2256 0.2420
nae 0.2273 0.2248 0.2270 0.2281 0.2370
I0A15197 9.2 Wudnile 19 Radius 19150 20 % vz 1da1 W mdetiesiga daiuiudonlsy

Radius =20 %

A5¥IAT DF Tagdenleaunmidu 1.01, 1.1, 1.2, 1.3 uag 1.4 uaadaanisnan 1.3 lag

dmuald Round = 10, Number neighbor = 10, Initial number neighbor = 25 W% Radius =20 %

Q13199 1.3 MINATOUINDYIAN DF

miladFuinglszad (W)

o 4 DF
AIIN
1.01 1.1 16, 1.3 1.4
1 0.2248 0.2245 0.2239 0.2239 0.2238
2 0.2255 0.2240 0.2238 0.2235 0.2241
3 0.2242 0.2247 0.2243 0.2242 0.2275
naY 0.2248 0.2244 0.2240 0.2239 0.2251

Y
v o

~ VA qu Vo R A 9 A =2 A Y
AINHNITNN 1.3 W‘]J')"I!ll@‘lslf DF Ny 1.3 i]gllﬂf’n W ﬁlaﬂuﬂﬂﬂﬁ;ﬂ ﬂ\iuu%\ua@ﬂi% DF=1.3

MINIAN Round Taeaan s 1uduminy 5, 10, 15, 25 uag 35 Haadsaa1s1ai 4.4 1ay

frua’ld Number neighbor = 10, Initial number neighbor = 25, Radius =20 % I\ag DF = 1.3



A13197 9.4 MINATOVLNOYIA Round

milanduiaguszasa (W)

24 Round
AIIN
5 10 15 25 35
1 0.2238 0.2239 0.2237 0.2241 0.2239
2 0.2246 0.2235 0.2241 0.2236 0.2238
3 0.2242 0.2242 0.2242 0.2241 0.2239
nae 0.2242 0.2239 0.2240 0.2239 0.2239

E4
v o K

~ A 9 [ P2l A v A
1NAITINN 1.4 ‘W‘]J’JH?J’E]SLGH Round 1'n1nU 10, 25 1ag 35 ilzhlﬂﬂ1 W RAYUDINGA AIUUI

] Yo Y v {
La’ﬂﬂﬂl% Round =10 LWinlG]fmu’JuiE]‘Uﬂﬁﬂu‘HTL!’E]EJﬁ?I;ﬂ

' Yo 1w [ {
MR Number neighbor 1a81aon1¥31uumInD 10, 15, 20, 25 1ag 30 AIA13199

3.5 Iﬂﬂﬁﬂ’iuﬂiﬁ Round = 10, Initial number neighbor = 25, Radius =20 % Uag DF =1.3

A13199 4.5 MINATOULNONIAT Number neighbor

miladFuinglszad (W)

24 Number neighbor

AIIN
10 15 20 25 30

1 0.2239 0.2239 0.2238 0.2238 0.2242

2 0.2235 0.2238 0.2235 0.2235 0.2242

3 0.2242 0.2241 0.2242 0.2233 0.2238
naY 0.2239 0.2239 0.2238 0.2235 0.2241

$ =

A ' A 9 [ Y Y A Y A [
INAITINN 3.5 wuIule e Number neighbor \N1NUY 25 ﬁ]%llﬂ‘f’ﬂ W RAYUINGA ANUUI

1aon1¥ Number neighbor = 25
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= I~ [ v J s A 9 @
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MSUAN Initial number neighbor Tagiaeanl¥1uumiiy 10, 20, 30, 40 Lag 50 A9

M15199 9.6 Taefmualy Round = 10, Number neighbor = 10, Radius = 20 % Ua¢ DF = 1.01

A9 4.6 MINATOUINOWAT Initial number neighbor

milanduiaguszasa (W)

24 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

F4
v o

VINA15 1N 9.6 WIS Initial number neighbor 111 30 a2 laa1 W masioofiqa aeriu

aen1% mitial number neighbor = 30

MINIAN Radius 1aeidon1Fa 1N 10 %, 20 %, 30 %, 40 % UAL 50 % VOIVDUA
Haneaans19i 4.7 Taesvuald Round = 10, Number neighbor = 10, Initial number neighbor

=30 Uag DF=1.01
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milanduiaguszasa (W)

24 Radius
Asan
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
Lﬂa‘c’l 0.5129 0.4965 0.4974 0.4972 0.4999
NATN 1.7 WU 14 Radius 19191 20 % a2 laa1 W mastlosnan aatiududenls

Radius =20 %

Q

A5¥A DF Tagdenleauniiiu 1.01, 1.1, 1.2, 1.3 uag 1.4 uaadaanisnan 4.8 lag

dmuald Round = 10, Number neighbor = 10, Initial number neighbor = 30 U0% Radius =20 %

Q13197 1.8 MINATDUINDYIAN DF

miladFuinglszad (W)

o 4 DF
AIIN
1.10 1.15 1.20 1.25 1.30
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

NA15199 9.8 wuuield DF A 1.05 32 1da1 W masiios

1.15

v 9
= Y

@ =2 A Y
naea ﬂ\iuuﬂﬂla’ﬂﬂi‘ﬁ DF =
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AR Round Taedenlei1121m0 20, 30, 40, 50 1AL 60 LAAIAIAITINN 9.9

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

1.15

A13197 4.9 MINATBVLNOYIA Round

milanduiaguszasd (W)

o A 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
mae 0.4946 0.5056 0.4968 0.4941 0.4983

[

{ A Vo Y A v { o v
flﬂﬂ@ﬂﬁ'l\?ﬁ 1.9 WU'J'IL‘ﬁE]Gl,%I Round N0y 50 i]givlﬂﬂ'l W ma&uaaﬁqsa muu%mﬁ’aﬂh Round

Yo v Yy A
=50 LW‘ﬂZGl,“l)’i]TL!’Ju‘iEJ‘Uﬂ15ﬂu1’i1u@‘c’lﬂ’q¢|

MINIAN Number neighbor Iaetaon 15311917 10, 15, 20, 25 1Az 30 A9A13190

.10 Tasmuald Round = 50, Initial number neighbor = 30, Radius =20 % e DF =1.15

A15190 4.10 MINAFOULNONIAT Number neighbor

milafFuinglszad (W)

24 Number neighbor
AN
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

P
=

10A15199 9.10 WoIUN0 1% Number neighbor i1 20 92 1A W mdetiosiga daiuds

1don14 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—Nl is well-known that dveamic models of power
converters are normally time-varying becawse of their switching
actions. Unforiunately, 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-oost converter. The proposed model is
derived from the combination between the M) method and the
generalived state-space averaging methed. These methods are
wsed 1o eliminate the switching behavior o achieve the lime-
invariant model suitable for a system analysis and design via the
conventional control  theary. The intensive  time-domain
simulations show that the resulting model can provide high
accuracies in bath 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 uwsed for eliminating the switching actions to
achieve the time-imvariant model. Then, the classical lincar
control theory can be easily applied. The work of the paper
presents how to derive the dynmamic 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 using 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 GSSA
methods.

II.  S¥STEM CONSIDERED

The considered system is depicted im Fig. 1. It consists of a
balanced three-phase voltage source, transmission line, three-
phase dinde rectifier, and DC-link filters foeding a controlled
buck-boost converter. It is assumed that the diode rectifier and
the buck-boost converter are operated under a contineous
conduction made (COCM) and the higher harmonics of the
fundamental are neglected. The three-phase voltage sources are
also balanced. The cascade Pl controllers are used to regulate
the owtput voltage of buck-boost conventer. In Section 111, the
meede] derivation using both D) and GS5A 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 is located on the DC side [9] as
showm in Fig. 2 (bl
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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

given in (1)
5 -F'z_ﬁ corl=e) in
“ Y2 x| sing=0)

where @4 = Phase angle of D) frame and ¢ = Phase angle

of AC bus voltage.

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
switching function { ¢=g [2]-]3].
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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, O=r=dl .
: 2)
u{l‘}-{ﬂ‘ dT <1<T (2]

where d is the duty cycle of the switch ( as shown in Fig. 3.
Applying the KVL and KCL to Fig. 3 with the GSSA 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 mot 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, Kp, and K, respectively. From Fig. 4, d" 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)

1 R 1 1 3
Fo=—"21 4o -—V_,,+—J:=«'_m(i)
L, "o, L2
o= +ﬁtr L By 1% sin(d)
- “opMor ™o Yz
p 1 . 5 23
‘Vw=aru+u&_‘— :-Rf—“;,
. 1 -
lw=c—:”-uw
i
i =F'2—£F ——[R’+R"+H‘]f Ly LR,
& [ =] & - L
2wl L L L,
1 d
Vy=—il,——1
ke L_lr - CJ- L
i=2y, oy,
L L
I-o
poli=d, L, &
C RC

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

pitpit e
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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).

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

where

ada, A, ¥, N, d, ¥, 4, I & &)

su=[sv, &) sy=[sv, on.]
A =[ ]IMD
B=[ ] o

€=l L

p=[ |

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

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

R=010, L =MyH. C =20F, & =0010,
L,=33mH, C,=500pF, & =04Q. E=10022,
L=15mH, C=141pF, 4, =10, K_=0016, K, =4475,
K, =04377and K, =25,695

Fig. 5 shows the Vy and ¥, 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 io a step change of
l"u' from B0 o 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
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Fig. 5. V_and y;, responses to a step change of j* from 40
to 50V
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Fig. 6. ", and P;mq:mu:swastcpchm@cafpf from B0
to 90V

V. CoNCLUSION

This paper presents how to derive the dynamic model of the
three-phase diode rectifier feeding a controlled buck-boost
converters. The D) and GS5A methods are wsed to
eliminate 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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