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ABSTRACT

This thesis focuses on the small signal stability analysis of wind generator and EMI of
the compensating converter. First, the mathematical model of wind turbine fixed-speed induction
generator with grid connection is proposed. For the small signal stability analysis of induction
generator without compensation, the eigen-value analysis and load flow computation for the
fixed-speed induction generator in case of 10 to 50 km transmission line variation lenght are
employed for investigating the critical stability magin of transmission line distance. Also, the
active power distribution and reactive power absorbtion of induction generator for generator
group variation are obtained. Second, the conducted EMI emission of converter compensator
which is included in fixed-speed wind farm induction generator system is investigated by
studying the system imbalance effect. Moreover, the imbalance structures of converter are
classified, and specially improved by double-switch converter and hybrid balance based on
system balance improvement. As the results, this common mode noise reduction technique can
significantly improve single-switch converter, four-switches converter, six-switches converter
and voltage source converter (VSC) respectively. The experimental results illustrate the wave
form of balance common mode noise voltage and the spectrum of common mode noise voltage in
case of double-switch converter, hybrid balance converter, six-switches converter and voltage
source converter (VSC). Furthermore, the degree of system balance is evaluated by common

mode rejection ratio.
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Analysis
Fix-Speed Induction Wind Generator
performance by small signal stability
without compensator

v

Dynamic Model of Induction Generator

v

Transmission Line Model

v

Linearization

Y

Eigen value analysis by changing the
transmission line distance
and power output

Y

Effect of transmission line distance on
small signal stability

Y

The influences of converter and
inverter compensated for stability
improvement on EMI Emission

Y

Circuit Imbalance Analysis in time
domain and frequency domain which
cause the common mode noise
generation

Y

Analysis and improve the conducted
common-mode EMI emission by
balancing method

- Single Switch Converter

- Double-Switch Converter

- Four-Switch Converter

- Six-Switch Converter or
SPWM Inverter

- Converter VSC
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N, N, rl
2 8
N, ., ¥
Lmr = 7[[10( r )2 (_'_) (ﬂl?)
2 g
aunsadouluginhl vosduusaimdnfidaediuf fudamyu1dsed
Vabes = Lss (Q)iabc.s T Lsr (g)iabcr (n.18)
¥ aber = Lsr (g)iabcs T er (Q)iabcr (n.19)

L, +L,] -05L. =bsz. T
L(0)=| -05L, [L,+L,] -05L,
| -0.5L,,  -05L, [L,+L,]]
L, +L,] -05L, -05L,
L,.6)=|-05L, [L.+L,] -05L,
| -05L,, -05L, [L,+L,]
cosd,  cos(6, +120°) cos(6, -120°)
L,(6)=L,|cos(6, -120")  cosh,  cos(6, +120°)
cos(@, + 120") cos(@r —120“) cosd,

AduusunimindonTvsveadiegiui ndamniuilasiia deo udIvzuansd

= ¥ v o4 dw Yo =
qUNIIN (N.20) uazmuummman'ﬂmnuuwuﬁm'1ﬂmﬁnmsﬂ(ﬂ.21)

Was = —Lgsigs + Lipigy (1.20)
Vgs = '"“Lssiqs + Lm‘;qr
War = —Lppige + Lyigs (n.21)
War = =Lppigr + Lipigs
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n.3 M3udasiinaain fina abe ifudifa dqo

@ a o = =Y o @ J o
14 ndnnsues Park’s Transform Msudasifaludnofiwusniuiossmuauny

81989 Tnoliues d 921 mil1 q i1 90 eern Taefifleddunisuilaaues Pak vzuaaals

WuArMsi (n.22) uaz (n.23)

cosd cos(@—z—ﬂ] cos(9+2—”]
3 3
K,(0)=]|sind sin(é’ - 2771'} sin(@ + %E) (n.22)
1 ! 1
| 2 2 2 J
cosd sind 1
K;'(9)= cos(f) —QT”) sin[e—z—s”-J 1 (n.23)
sm(f?——zj sin(9+—) 1
3 3 ]

n.3.1 auMIHIIAUYBINVIAIBgHUT luAida dqo
= = o = o o { é
msudasiiia 91n#fa abe iWuifide dgo annsautaslddeauniss (n.22) Feos'ld
AUMINIIANYDI AegAuii Inidsaumsi (n.24) uae Idaumsussiuveadmyudauns
o dl; g | aw A A = = Y 4
#l (n.25) Tavlunil vzondumiinaii 0 vea dqo iiinannlifdaufiussfuiians g wuans
mwizluunu duag q

o R: i & du/abcs

Vabes = abcs

% d .-
Vigos = ~KO)RK™ O)ipes + K(O)— K™ OW g}

@ :
Vds = PY¥ds t+ 'aT‘qu — Ry g
b
> (n.24)

Voo = DWW +wl/f Rgi
qs — gs T ¥ds T lslgs
wp J
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1.3.2 AUMIUTIAUYDINDIAINIYY

(w-w,) :
Vdr = PWqr + —’qu - erdr
@p
(n.25)
(w-w,) .
Vigr = qur _Tb’"‘)”dr - erqr

1.4 AUNTHIITHIY

=y 4 o 1 a 1 P ' A Y o P
nmsansizszun Iihddedm Inaiseefinsaiamiimuie e lnsA

=4 dl.-:il a‘ U o o 3 ) A 1 o = '
UIZVUNHUOIULUDZTNANUANATNNH AIHUNITATHIUHUINUY %Qﬁ']ﬂﬂﬁﬂﬂﬂﬁlﬂﬂﬂ?’m\‘ﬂﬂ

o o a [ @ { @ 1 o y
Tumsduauniguanidu ndsnni ldaunisvesusiu iduusaimanden Toaly

1 o

! ' & ) IEPLITER
UM dgo ud7 vzuysardausaneg Meglusunilaniae (per - unit) = —= Tagy

Uimmgu

o o d _ o w w 1 1 & ] ' o [ csy
uaasdyanyal X Miualsaquaasnmianuie Tavagiuseimua ladail

o

n.4.1 fm)sgiu

_ elec red
a)hu,\'c - 27-[fha.\c Sec
p = & 2 mech - red

mbase hase SeC
pf
V

_ _ shase
Z.\‘ba.\'c - Ji Q

shase
Z

_ “sbhase
qp.\'.ﬁmc = —— a)b —turns

hase

. Vvha.\‘e H

shase ]
shase a)ba.\'e
3 .
Tourqge base = 5 };f‘“ Psbase " Isbase N-m

Tas

N.4.2 AUMTUTIAUIDYAVAN

- — ), e o
Vas = PV us +6')_qu = Rs‘rds

A (n.26)
w

aqs IC qu‘ t//d.i s qs
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_ (w-w)_ =-
dar = PV +a)—qur - era’r
b (n.27)
_ (w-w,)_ =-
Vor =PV = Vu — Rr“qr
@y,
b 1 o A
n.4.4 aUMS@UUsABIHAN YNl
,1[70'.\' = _‘L + Lm"dr (ﬂ 28)
tl?Wq.\ = L ("\ + L-’”"(If
[’_U“ = Z I_{f + L.’!llil
e g (.29)
thr = er Iqr + Lm“(f,\'
NNauMIN(ER.33) 9z ldmnszuavesimyuluunud 14
i Wdr + Lm"ds (n.30)

Igr = T

rr

o= P 3 3/ v o A o w @
UNUA iy AU (0.27) ez ldanduuswwimandon ToalulanFuvesnszuauaszdi

A4 o w =
MUY A9TUNITN (N.31)

Wds = Lss’ds +1I, (V/dr . Lm’a’;]
rr

. = Zrn — E -
A Wd.\‘ = (Z_JWdr —(Laz\' - Jld.\ (ﬂ3])

1 = Y Yo (7 ] d A a o o -
UHIRYINT ‘U&’v[ﬂﬂ'llﬂuLL'NLLHLHQﬂL‘NBHTUQiﬂLLH?WﬂW q AITUNITN (N.32)

=y

'!

e~

= 4l T
“,f,. — Wu’r m"ds (ﬂ32)
Ll’f’
UNUAT
_ . _l|lw. +Li
— ) \+L z;r_ m'ys
l)l/qs q. mli er

_, L s Pl
Wos = [u_m}//qr = Lo — :’:m igs (n.33)
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Ta

- = a o :; ¥ c;.
n.5 aumsiyadinveanssauliihiichegiui

o

= w do Ao ' P
vInauMsNeYAUTHINTUNAI9gNUN

e T o __ -

Vas = PWas + P qu - Rslds
b

_ _— o - — =

Vos = PW s — - L Rs“qs
b

o 1dean1smImaumsus i luan12znIia(Steady State) 15192 14 aunsus sy

o - . , ad
sUA¥AtIA (Algebraic Equation) 18 1a0ld pa, = —Pus = 0 Mldmaaumsfidivesda
1

w

oy U Iuunaunud uazunu q 18dsaunsi (n.34) uazaums (n.35)

VDS == Eb . XiQS e }_QSIDS (n.34)
= Ol =, |- L
.;J = f\ - 1’7,:]’ ! X' = %li’l'\i - _m}
warr a)b LN’
VQS = ErQ +/?'17DS - ESIQS (n.35)

by
Il
8l|8l
SIS
3
N
_f‘&.
>
1l
8
1
e
|
ls
L 9

rr:
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IMANHIN V.

M sutassz vV udH ( Linearization )

v.1 msudauilussuumFadu

mawaaduszuuFady  (Lincarization) 1Humsiorsanmsaounasszsudnioo
vosszuud lufudady  vhldsannsafosanldnsiouaadudadu 1Rie 1
TumsmuanagnIsmAIney M1naunsh (2.45) & x, WHAABT A0 1ML (State vector) e
u, Lﬁunﬂma{ﬁuwﬂ m‘iHWi'l’chIQﬁ (Equilibrium point) %QlﬁumiﬁWﬁnﬁﬂux (Performance)

A T NIt (38]
Xy = f(x iy =0 (w.1)

d’l =1 1 c;
WalNTNIUTLUY MaoIusazasunyag

x=x,+Ax }
(v.2)

u=u,+Au
u=uy+Au

¥

dmuald A Wumsuaaanisfountasvesduls amnsoloulddsil

X =X, + Ax
sk = f(x + Ax), (u, + Au)] (v.3)

= =] o 1 a
mssunuisaanites Tuilanduvesnau liiudadu voe £(x,u) mmsouansluglyes

o w =
DUNTUINIADT AIAUNITHA (2.48)

X =X+ Ax, = j‘:[(x0 +Ax), (uo - Au)]
9, 9, 9, 9, (v.4)

w X, = f (g, ttp )+ L Axy e+ = Ax, + = Auy L+ A,
ox X ou, W,

1 n



o %, = f(x.u,) , 50 ldsuaumadadudaaumsi (2.49)
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jets o} [~V a
Ay = el Ax, +...+C—ﬂm“ +O‘—f'Au, +...+Jr—’A1:r (v.5)
Ox, ox,, Ou, ou,
ot = 1,250, PUBETIUIU j = 1,2,y
0g %) og, )
Ay, = & Ax, +...+ﬁm” +—=Au, +..+ 5y Au, (.6)
ox, o, éu, ou,
msuansmanay vosaumaFadulugiialy o 1ddsaunisi @.s1)
Ax = AAx + BAu
(v.7)
Ay = CAx + DAu
(0 o] -
ox) ox,, oup  ou,
A2l o W B=| . o ..
In . In In  Un
ox) ox,, oy 6urj
SR [T
oxy ox,, Ouy ou,
C=| we v S E]
08 m 0% m g m g m
6x] an 811[ al[r ]

Tuaunisi (v.7)

AIAUNITN (V.8)

Ax = namesanuzluviig »

Ay = nmosiemynluviig m

Au= namosounnluva r

A,B,C,D =masnvesduseinives dudsaous SuNNLAZIOHY

AUAINY

Wehmsutasawans vesaumsii (1.7) s2ld¥vaumsaamslugd Tamuaand
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sAx(s)— Ax(0) = AAx(s)+ Bau(s) (v.8)
Ay(s) = CAx(s)+ DAu(s) (1.9)
> b

Au

JUi a1 Taseadevosmananly

1INgUR 9.1 uaaalaseadie ves da auls veaszuulugiFaudu uazee llmawesiladsu
" o VoA ' 1w o y 1
a1wleu Tavfmuasnsudu Ax(0) Sawmifugud msuansaumsaniug oma AY(s)

uaz AY(s) vzuaaslddeaunisi (v.10)

(s7 - A)AX (s) = Ax(0)+ BAU((s)
AX(s)=(s7 - 4)"' [ax(0)+ BAU(s)]

gp%[m)waum (.10)

v.2 MyAanzddssmwiuuFyansnadn Tnsiosenalomny

' ~ o o - ' - 1
ﬂ']'iﬂ’]ﬂ']LfTﬂU?ﬂTWLLUHﬁﬂJﬂJ'ImﬁJU']ﬂlﬂﬂﬂJENﬁS‘lJ']J‘YIqﬂlﬂul‘ﬁﬁlﬁ}uﬁtlﬂﬂQL“f]‘L!'iZ‘U'U

Fadu Taomsnanaunsguauia veeszuuuazma lainu 30 manay A

Ag=Ag (0.11)
Taoil

A = WASNYUIA nxn

¢ = ARDSYUIA 1 x]

A = mlenu
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maat lenuazm 1@ lugy

(A-AI}p=0 (v.12)
det(4- AT} =0

1 8 a '
Awesloinunawesveawain A vzuaauilu 2 =4,,4,,..4 a1leinu szuansld

¥
Qs U

= 1 = 9/ 1 = 1l 1
neRnTaunziugdou dulududsdou sweyluguesg aouginm

- M3 lenunnne M1 (Right-Eigen Vector)
A = A4 i=12,0

o Y
fvual

¢
W

¢ o
Totnunamesaiv

o @
lownunnmosdide

¢]i
P2

¢ =
¢m‘

- MIma lenunnne M9l (Left-Eigen Vector)
v A=Ay, P =L
¢j¢i =)

99, =C;
gig; =1
= ¢’i_]

4 o e
9.3 ﬂ]‘iﬁﬁ’luﬂﬂ!ﬂﬁ)ﬁﬂ?mﬁuwuﬁ (Participation Factor)

" o

Duuawesnldmimnnudiussened oo Inuavessleny  Taunts

o 1 L { a 3 v w { 1
TngAwIAmes leinuyuaznanes lenude WoRnsanmANuFuRNT A gaeiiagaga

td
L |

a : [ " 9y
Tuunavesunsniiy AL AIA Iparticipation factor [38] 1Afail



P=[p; p,
th_
P2j

P, = =
_pniJ

F¢IiW1i
D21 2i

_¢n!:’W11iJ
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