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HVDC Stability Analysis According to Controller Types

eéRrE wEE SEYH  EERRE-FHE
(Chan-Ki Kim - E. B. Shim - G. J. Jeong - D. J. Kwon - Y. B. Yoon)

Abstract - This paper deals with the HVDC system stability according to controller types. In this paper, in order to evaluate
the stability, some important properties of the HVDC, such as d7/de, dV/de and dP/dI stability in different control modes,
are analysed. Furthermore, Maximum available power according to controller types are calculated. This paper shows a
generalized formulation of control sensitivity index for control modes, aids in the design of the controller and the operating
mode determination. Finally, a simulation is performed by Math/CAD, and a simulation results are verified.
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Table 1. Max./Min. selector according to controllers.
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5 1. AWy 94 HVDC Aol71E 7y A7 ALEE
A%9 Jacobian B39 A

J(L, D, J(7,3), J(10,6) =1,

J(1,2), J(1,6), J(2,2), J(3.3), J(3.4), J(3.5), J(3,6),
J(4,4), J(4,5), J(4,6), J(5.1), J(5,3), J(5,6), J(6,2),
J6,4), 1(6,5), J(6,6), J(7,1), 1(7,2), J(8.1), J(8,2),
J(8,3), J(8.6), J(9,1), J(9,2), 1(9,3), J(9,6), J(10,1)
J(10,2) J(10,3) J(10,4) J(10,5), jann,  J1L2),
J(11,3), J(11,6) = O,

J(1,3) = ;&/——z Tcos 7,

RV,

I
J(1,4) = 1+—44 7 +R,.G,+X,.B/——&%—-‘itan¢,

672

X Valy Vala

JQ1,5) = —72'—+XG/+R,B/+—{;T-t ang,
2D = —tiXe
* 40 % Tcosa+cos)y’

_ '  —RV. XV
32.3) = x,, J2.4) = 5L+ tang,
32,5 = —XYe B,

- _ _=V2Xlsina
J2,6) = =V, JGB, 1) Neosar o)’

~V2Xsiny

J3,2) = SB2 5(4,1) =

T(cosa+ cosy)?®’

J@4,2) = =50z, 54,3) = 3L 1yginy,

J(5.2) = —sing, J5.4) = AL,
— RV, _ V2X.1,
1(5,5) = —“;t—r' JG6,1 = Tlessat ey’

3(6,3) = :ﬁ—lv,cosy,

17,9 = ‘Iil + XI}I"t 3

17,5 = —Fde _Rleoy 31,6) - -1,

J(8,4) = —cosa, J(8,5) = —sing,
J(9,4) = Esing, J(9,5) = —E,cos¢,
J(11y4) = _VIXxn J(11,5) = V!Rsy

XT=[V: lsyaryeTV,E, 0 Pqy B T)],

IT=11(1,3) J(2,3) J(3.3) J(4,3) J(5,3) J(6,3)],
3D JAL4) 3(1,5) 3,7 31,9 J(1,10)

J(6,1) 3(6,4) 1(6,5) J(6,7) J(6,9) J(6,10)

XT=[X(1) X(4) X(5 X(7) X(9) X0,
y=X(3).

¥ £ 2. CIGRE HVDC Model 3#gu)g

O HVDC &% : 1000[MW]
O HVDC DC A<} : 500[kVI(1 pole®)

O HVDC DC AF : 20006[A])
QO HVDC 1 pole 74 : 12-pulse # vl

O HVDC T4 : Biploe

O 32 r4: I5=

O DC AolE2 A : 5Q]

O AC A% dryd gdadda( Z,) = 529[(Q]
O AC A% 71& A : 230(kV]

O AC/DCE 9947 94 18[%])

O ¥ & Fadg Y4 294

-Low Pass Filter : 80[Q]
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-High Pass Filter : 75[2] .- Pde(id) = VD (e dd
! g ‘ P(d): Pdr V(id): Vacr 1(1d): Tdr
-Fixed Capacitor : 13.05[ 2]

¥ %3 HAd $48% wd =239 ¥ 2 4. AvE @] HVDC A0i71& rAo|7|2 A 4@
A% AT wd 21y
<Unit> <Unit>
deg: =X yad: =480 MvaA1 KA1 KA1 MW=l @21 deg: ==L yad: =180 MVA:=] KA=1 KA:=1 MW:=1 Q:=1
180 n 180 x
<System Base Quantities> <System Base Quantities>
MVbase:= 1000 - MW KVbase:= 230 - KV Zbase:= 52.9 MVbase:= 1000 - MW KVbase:= 230 - KV Zbase'= 529
. __KVbase® . _ _KVbase?
Zbase: = MV Abase Zbase: = MV Abase
<Given System Parameter> <Given System Parameter>
7 = 1 7t =
[ I N I ] [ 1 1 ]
0.096—G - 175.924) © (—j - 203.179) 0.096~ G - 175.924) ° (- - 203.179)
L Zhase . .o - 2000- . _Zbase i 4o 2000
Zs(sor): = gERPEey Vdi-495'KV  Pdi=990- MW Zs(ser): = gty Vd=4%-KV Pd:=990-MW
Xepu= 018 7 =15-deg Nbri=2 Vaci= 230-KV Xcpu= 0.18 7 =15 deg Nbr:=2 Vac:= 230-KV
<Load Flow Calculation> <Load Flow Calculation>
N ' BT =Pd 9.
d: =y d=2-KA =y ld=2-KA
o vd 1 . vd 1 L
Ell: = 4 : Ell:= < : TrZbase: =
(1.35 -Nbr) (cos(r)— X%pu) (1.35 -Nbr) (cos(y)— Xczpu) 600
costa)- Y2 Eil Xe _ cos(y) Xe: =Nbr- Xcpu TrZbase
Xc=26.713- Q
. Id
cos ¢ i~ ~cos(7 )+ Xe -~ [Vd+(-3-)-Xc-ld1
Ell: = z
e (1.35- cos(p))
_V6-Id-Nbr- TR , i+
lac : x ¢ Ell - 41875 TR:=~Ell TR - 091
2.230
. __Vac } .
Isr i =725 + lac <Calculation of Power Factor>
Esys : = Vac+V3 + Zs - Isr cos_alpha:= ﬂ;é-?l'—)(-g'—cos(r) « =acos(cos_alpha)
<Evaluation of MAP> a=141.766-deg p:=n—a—7r p=23.234- deg
Idri=Id Vacr:=Vac Pdri=Pd Vac=230 Pd=990 pf= §cog§a)+zg§§a+ 4)) : = —acos(pf)

Is(1d): = V6 -1d -”Nbr-TR Lol by VaC

V3zt - . ‘71:91)_ )
¢=—151.129 - deg Iac:= e
Given [(V3-pf-230]
(Nbr - TR » Vac) - cos(¢) +(Nbr+ TR » Vac) * cos(7) - ~137; c= .
N lac 2485-1.37; If 132D Isi= If + lac
gk
Es - cos{d )~ Vac—Re(¥3 » Is(1d) - Zs) =0

Soln(ld):=Find(Vac, phi, §)
Vi(Id):=Soln(Id) Es(scr): =|Esys(scr)l  Esys(scr) = 206.676-226.491j

1=4.119.107* + 1.408j Is = -2.485 + 0.038]
Esys*scr): =Vac+V 3 -Zs(scr) - Is

Vdc(Id):=1.35 + Vt(id) * Nbr « TR » cos( 7 )~ —73; -Xc-1d arg(Esys(scr)) =—47.619 « deg

Es(scr) = 306.616 - KV
Pdc(Id):=Vdce(Id) - 1d

1d:=0.0,0.1.4.0 &:=arg(Esys(scr))  scr=1.0 angle=85

Hoi7| Hefol mE HVDC SHHE B4 . 673
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<Change in a and Evalu. of dy/da>

Ellx(9):=V2 Xc-

a: =g+ LHa

#(7): =*acos(ﬁ@);—cgﬂ1)-)

Vdx(y): =1.35-Ellx(y) cos(y) —% Xc I

Pdx (7): = Vdx{(7)-1d
. =Pdx(y) G- &)
Isx(p): = e
[v3- B2 coses(n)]

E e
t W32 TR U

Id
(cos(a) +cos(7))

Given

Es(scr)- cos (&) —~ %l%%l —Re(V3-Isx(y) Zs(scr)) =0

Es(scr)- sin(8) ~ Im(V'3 Isx(y)- Zs(scr)) =0
7

{ ]: =Find (7,9) ry=14.716- deg  6=—47.707 - deg
5

<Result>

ratio: = —(1;1(-)5-;‘1—‘3&)-

Ell = 418725 Vd = 495 Is = -2485 + 0.038;

Ellx(y) =420.783 Vdx(y)=498.407 Isx(7) =-—2.49+0.054;
Aa=(.2deg

ratio = -1.422
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