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A Study on the Performance Enhancement of HVDC System
Using Hybrid Filter and Energy Recovery Filter
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T A
1242 AAY + Acks WL 73 ek HVDC
NzgAd $39EE HVDCY 4%¢ 248k 24
2H, HVDCA 210 24A71E nzdg AAse 3

and transient performance. Danger ~  of BAHR] A o9l HE{7} 74]%9] Q29 436
ferroresonance  with the CSCC option is dor FTXE doge FAHHA HE I
eliminated by controlling the amount of series HVDCA 2”le] glojA #FHHE A dye
compensation.  The  dynamic  performance T8 FEHY AT EYuadd o de3ysy 1
simulations is performed by PSCAD/EMTDC 23 FANE 2@ 70d 9] Double Tuned Filter 4
' : AN Bdel BN E A% AEAYE 27

LM 2 st Welo] WY 715 ¢ FAFoZH AL AHEA

71 Damped Filterg #8331, 0ddol= 3409 12
HVDCAl ="l A geje] £4& g&3t Zol 3 g3g gao AAsE Triple Tuned Filters 431

AR e 5 dE Stk HVDCA29el4 559els 448 7H4%a o
O HVDCollA @43t 125} A)A of wekalx| 97| W ol HEHR A& %AW,
O HVDCAA AEste Fadd nA : S29g7} AR D Y nEoe e 243 gy
O HVDCH #= 4= 34 e $EUHRoZE 2 gF LYY @

oleig EE FRol me} s 27 ASe P2 AZ s3 Uk Rl A491 Atk #B, 252

Addehs Adgeg HEe Adste WEYHE UE 3T $EUHY WL A¥Y Coupling Active

9k R wAZ, ydgeE 54 123 A% 0 Fiterol B8 7= HVDCA2We WEHE AAsh:s

ded Qudast A AAAAY) B 223 F 0 dAYodA B AT Hede Fuo o

F gegn A4 & Qvh T HAZ AEHEE A4 Coupling Active Filtere %4t e %I & A3
Zte) & 4 e o, AFgee SHnZY AF o FHZ FEd FYste ARFE AFgozN +%59
&t °'-74‘3’“7} Fatdi(o)of] 7H79gA 7] i EF B9 X5S 2d3 A71e 492 71Xz Yo Ado
1z3 AFE FHYAINA &3 AGsr] g 12w Manitoba tH&e Golet 2001 IEEE =&FoA
AgEEE Azks) B 4 9tk agx "EE FASE Coupling Active Filter’} & ¥9E 9] Detuning A%}

- 717 -



TEEEY NHEAEAE HE4E £ IS BAFIUh
B =PdAe #52HY TF58EHE 89 Hybrd
YEE 7oz @ 122 Single Filters |83k 11
et 133 nZ2HE FAC AMAsD, BFEEAH] 5
gt Damped HHE ©o|-83te] HVDCA2¥9 A5 7
A3 HVDC Al2=¥le] HE] &% TopologyE B34S
o}, :
2. Coupling Filter?} Damped Filter

2.1 Coupling Active Filter

Coupling Active Filtere &3 5% 4&H 7
AHQ A ¢4 7% HY 71y 25}74]
g FE3I7 H4A A" Aol 19 12
11/13%} Coupling Active Filter?] A4 E2Zx 9
A71E B F31 ith

PreseC RexcB PescA

Cuplirgiters
(11therd I3h ermrics)

t1 the harmonic, phase A

Real part
Vi1ae0s €1, cos(110t) | o éf“(‘)

v, : _ O
l Viiasin €, sin(116t) —

Vi !

AL

C I ;
L ! B0

Vise -

L . 13 th harmonic, phase A

{b) Coupling Active Power Filter2l H|0{7|

718 1 Coupling Active Power Filter

23 1 b)¥ Coupling Filterd A|oj7]& RodF
i e ReZ o] Aojr|e ¢ EFS ACAHE
A 11x nZ w9t 134 n%9E FFTEASA 11
/132 nz 9 gro]l J(F)e] HEF Aojse A
o2 11x mzxyet 133 nEHe AF g 3
F gteol”) wW&ol| Park’s Equationg ©] &3t 3
F @ge 34 R HEEd AHEHE Adste
Aolth 2y 25 LA REH BEHA 5%
detuning® 7% %9 dIdx AHE BAFH YE
RAo=2 "E7} Detuned HATE ovle FHY
TuningS dF UA ke onil FEje 549
AlZrol Z e wet ®¥sidoe ez dAg
4 2t} Coupling Active Filter= ©] 2] & Detuned
g A= ge g5 ®st glo] 114 nx48
i3 dHHsE v¥€E A U

11 th harmonic filter impedance [ Q]

90 —

Filter tuned to the 11 the harmonic
--------- Filter de-tuned by 5%

i

30—

T 1 i
8 9 10 1 12 13 14

Harmonic frequency

a3 2 Tuned NMAL DZ=I} EE{Q} Detuned 11X X1} Ee]

o]#]%t Detuning EAlo WEd HASEH
Coupling Active FilterE o & g2 HE A7
Aol 7is%d, B =FdMds 19 29 2
Coupling Active Filter?] Detuning B4 S¥£&
o] &3t 123 Coupling ¥HE o]&3td 11x¢}
133 1238 AAsE HHE AgdAT. ¥
394 Bd3e= "EE 11x 9 138 Single Tuned
de oA 1129} 132} Single tuned HEE Active
dejel A%ste) Double Coupling Active UEHE
9= Zo]x, Double Coupling Active HE 9
Detuning’d & ©] €3} Single Coupling Active ¥
HE A3t

o O rr rlo

11th filter l3th filter ch filter 13th filter 12th filter

é‘; % 3 %
TR

(a) Single Couplmg Active Filter

- 718 -



k Y
M1 i
T
! J ! |
11th  12th f;:h f> l L } l
(b) 12&F ZE{2| Detuning & (d) 5SEE| S7t8l2
8 3 Coupling Active Power Filter J8 4 372
2.2 Coupling Active Filter2l *of Zior = Zog| Zy
29 4= HVDC Al=d®3 Coupling Active Zy=Z4,|| 2

Filter 281 A$S S50z FHF B2 _z .1
. 29 394 BoFE. 57 328 HVDCAA 7
"3} Active Filter 28] Ao 77t Basto [=—~ -1 1

i Z - con
FAHo7 FHaAE 1Y 49 Zrh 19 4 a)dl grad
A HoE zdaoA HVDCS Coupling Active
fiter 23 AT B 2z ZALL ddE 1 Zy= "Lyt Zyia
"é 49}' %Lq' Zﬁot
U2 = Z2 - UJI‘LII
by Zew 1
T L=— + U,y (2)
2
b l b o L Z3 Zaf ” Z_rrul
I T« T 1 U, Uml« ! Z
‘ T Zy= __Z___L_ . Ua/
U_,‘Tij . af + Z3
il Z
= = = = L=— 3 - U, 3)
corl;lv\;rll)e(i(s) actj‘v(; gltg?::)ive CQUgiziadlem Zmd ) (Z“I+ Zg) '
(a) Al2" & 57182 Active Filter& At Alojste 499 A7 Al
3t A $9 Phase =2 Ed3lH 19 59 ¢
e 49 BdYe 4 @} 4(6)% 2.
| —{
J. ’“l il Uy= bt % (Ui+ 0y) (4)
‘-NlT\) Y, Zs
] Z,+7Z
l L | ¢
(b) TBE| 57152
real ¥ real -
U, U, U, U,
L, Zw » U L P
[ | ]/ - imag, —]7“]‘" T e,
1, Y LN EY
I-ﬂ l ‘:p le pr /“\ I: ‘y« ]2
U U'""l (\) voltage control current contro!
j I (a) Voltage Control (b) Current Control
(o) AE SolEl a8 5 MojmSol wE Skslzel HolX £

- 719 -



2.3 Damping 4 &

HVDCAl 2= ® oA Damping ¥E+£ 2339 253}
2z3E AAsE High Pass 94 AE75&
A4de ¥HE 7Ixlz . Damping HE L
HVDCA &"ol A F8F 54& 7HAZ e AL
BE Fo4 QoM a2t 2 it
A FE Y FAo] $F37] dFoltk. Damped
Ye g HAste e de34 2o

1) F2d8E 3387 A ANAH ge AA
2) 3R He 7] A% d9dx & AYA

3) Power QualityS ZAA%7] 93 "Q'E AAZ
c}.

Bo g 1o Qv HAALHANAM fstz,
v FEAHAN 5 E4S Bolm 9]
13t Damping HE= FEAE AN 3%
7HA 3 g xE 8732 Damping 71%
Hste Ao ot &Mool Hule dHdoz
I ok wepA o]2i g Damping EHY ©
S #dstux 19 63 ol AFE Alolgl2H
Y IGBTS #2 HYWFLAE o] &3t Ao
ZHAE A A A oA ARHE qURAE AT
o] ttA] &£ Energy Recovery Damping ¥
HE AA3A HAUo

Q

flo e
o

(o]

u

ox
tlo

w S oale dfm LMK
4

o
hak

L L L

. &3 I

R - R
Thy / IGBT

-:1%1 6 Damped *"égi-‘ll = )
3. AlEdojMx A HE

HVDCAl 2" oA 23 Instabilitys ACAHE
o] Qg ®lAel HVDCA2®e FBE7} 43 84S
Yo A o= FufdA AFFHoY HEFIAL
s AL & o ol nZFH Instability
Fag4e ATZA0 WY b olyd, Aojr=
7} Wetes AfdE 2AY £ Qe Ae=
Damping ¥H & HVDCAIA"] Q73 7 %o
1z Instability 84S €9 5 Uk oHF @
g FAEIIYH B =FAE CIGREERD S
ojlg3ten, ¥ 12 E =FiAM A4% CIGRE
2de ggrgE 8o Fa ok ada a9 7

Ayl

& rir tlo

71&9 CIGREERYE HoF3 glon Y 8
Damping ¥ E ¢} Coupling Active FilterE 3}
A" HVDC IHE BoFa Qi

E 1. CIGRERH 2| nizjo|&

RECTIFIER | INVERTER

SCR 252, -87° 252-75°

ESCR 1.882-86° | 1.9.,-70.04°

Bus Voltage (L-L)

345Kv 230Kv

Filter VAR Supply

6256MVAR 625MVAR

Nominal Angle 15° 15°

- 1720 -

Rectifier

rectifier ac bus T

619 5.57
—
|_
5.57 i
—

0.632 2.785

3631

261.9
0.113
8332

144

0.114

Ac system Filters Tuned filter

3. 7 R7IC0IAM CIGRE 22

Rectifier

rectifier ac bus  12th filter Damping filter

I {

0.568

3631

Ac system

a8 8 THE CIGREZE(HF7IColA)

oo 1 |

0.6

PU

0.2

-0.2
0.5 0.6 0.7 0.8 0.9 1 1.1
Time

(a) AC ZI2H(RMS)




PU

-0.25 - g } T

0.5 0.6 0.7 0.8 0.9 1 1.1
Time

(b) DC T (2UHE{THONAM)

PU
w
[ S —

1 ~
| \/N\ Sl

0 I
0.5

0.5 0.6 07 0.8 0.9 1 11

Time
(c) DC MF(QlE] ThollA)

2 _
15 :

1
T Ty

2 o

0.5 } H
1.6

-2 — -

0.5 0.6 0.7 08 09 1 1

Time

(d) 12xt 58 =e| &
2 9 Yuixol CIGRERY S| AlSajolM ZT}

a9 9% dwA<Q CIGREEEE o] &M A&
gol g ZAdg B9 Fu 3o, 29 102 A
gdd WA E 0]§3 CIGREERZ S A &gl ¢
23E RoFH o

1.2°

1

0.8 — - = vl

0.6 /

N/

0 AV}

0.5 0.6 07 0.8 0.8 1 i1
Time

(a) AC ZI2H(RMS)

~0.25 l

0.5 0.6 0.7 0.8 0.9 1 1.1
Time

(b) DC I (2IBEf EloflAd)

3
25
2
15
2
a
1 et
—
\VN\\/ /
0
05 - —
0.5 0.7 09 ’ N
Time
(c) DC M7 (2UHE ClojA)
2
, Il
20
-1
-2
0.5 0.6 0.7 0.8 0.9 1 1.1

Time

(d) 12xt 58 2ef &Y

S8 10 4NE CIGRERYS] AlSajolM Hot

2 1 & #

[11- CIGRE working Group 14.30"Guide to the
speéification and evaluation of AC filter for
HVDCs” : _ ‘

[2] San-Hoon Lee, Jun-Koo, Kang, Seung-Ki Sul, "A
new phase detecting method for power conversion
systems considering distorted conditions in power
. system, IEEE IAS conference, pp. 2167-2172, 1999.

[3] "CIGRE model”, HVDC Research centre, Canada,
1992.

[4] Kimbark, "Direct
interscience, 1971.

[5] © "Power System  Stability - and -
McGraw-Hill, P. Kunder, 1994,

Transmission” = wiley-

Confrol”,

-721 -



