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ABSTRACT

The High Voltage Direct Current (HVDC) is very importance
for large high voltage system in which there are interconnections
between sub systems. Especially it improves system stability and
reliability. The HVDC model and the D.C. Jacobian matrix equations

which suitable with the Decouple principle are represented in this

thesis.
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{2} Symbolic representation of two alternating current
systems connected by a direct-current link, Vg = direct voltage
across rectifier, Vg = direct voltage across invefter.

«.< (b) System as in (a) but power flow reversed.

2.1 Rectification Unit
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vFN = V2 V sin (wt - 5T /3) Vv (2.1.2)

2

o v dl
N1TUINT EUFYB Thyristor (AUEASTU A15IM 1
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Applied Thynristors Applied Thyristor
to Load Conducting  to Load Conducting
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the output voltage Vo = 1 V sin wt d (wt)
2T /n  T/2- T/n
= V sin ( '"/n) (2.1.3)
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Tunso 3 phasex* Vo = ¥ sin 60°
T/3
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. = V3J3 = 0.83 V
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* half - wave rectifier
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(Vo; maximum value of direct output voltage as defined by (2.1.3))
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3. D.C link modol & D.C. equation
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d.c. trans mission impedance

I3 v ]
- d
Equivalence circuit #83jUM 3.1 laudavlusin 3.2 dunasudng
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AMNENMUGERY  AC/DC  voltage

\Y = K.E COsS ¢ (3.1
dm 1™ m m

\% = K. E Ccos ¢ ’ (3.2)
dn 1™n n

I's
AITNFUNUTUD A AC/DC current

Im = K1 Id
L “ov
Tunsaiasiswdn ac current tﬂu phase reference
[}
8 . . . «
UACHANTANLANIEAT transformer recctance U190 L 28UdANN T 2B
u4
real URY imaginary component 284 rectifier current |AfD
K1Id = B E _Sin ¢m - Ba_ v sxn\pm (3.3)

o] = E cos @ - Ka Vv cos¢
m m T m m
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B
nia 0 = Vdm - Klam vm cos ¢ n (3.4)
° = v ° v .
Tuniua L A8INUEIMIU invertor current
- K1Id = BnEn sin ¢n - Bnaﬁvn81n ¢’n 3.5)
v ¢ ! .4
AINFUAUFT TN 29 DC current WAY  DC voltage 9
Vdm = K1Em cos Cim - K2 Xm Id (3.7)
Vdn = K1En cos C>Cn - K2Xn Id (3.8)
Vam ~ Van = Racla (3.9)
lIJ
(AUNUIEDAN syrnbol WURYNITHAITAN per unit system lAU&ANTU

APPENDIX I, II A1Ma7Al)

4. D.C. Jacobian matrix equations

MENNT (3.1) - (3.9) UsenauAILAILYTBET Y (independent

v 4
variables) 1397 A2 v E , En, g, 0 x *x , a , a ,

L dm’ Van’ Fm m’ "n>m’ “n’ m’ "n
v d
Yoo, 1y A ivauazudaIan LY d.c. link

wi

]
4 <
] Luawqwimniugﬂﬁaq Newton - Raphson Algorithm Auviasulagg

[R] = [A] « [ AX] for p equations (4.1)
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R - the residuvals for the non-linear equations répresenting

the d.c. link power flow and control strategies.
.A - are the first order differentials, - JdRKk 5 -
3 X,
for k, 1 =1,..... P
AX -~ the variation of p variables

1 ]
4 v
INEUNIT (3.1) - (3.9) (UBRAIMNAINAINLNHNILEN UaysIN St HRERT

v ]
f
(control equations) avlananmansam 2

~

4 ‘ . v
TAEAIMMNIYYAY sp A Specified values #mu nsalua1sng

'
L] [
n 2 Lﬁuanumzﬁaonni control angles WY d.c. link voltage and power

.

specified.
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D.C. link R matrix with convertor .control anglesf

d.c. link voltage and power specified

i

N
SITINN 2

D.C. Residual Equations Variables :
‘a
Ry = Vdm - K1Em_cosct)m Efn B
1
R, = Vin —K1Encos<1>n En
Rg . =~"“ ?(1 Iq- Bm(Emsunpnl1 - ameSlmpm) ¢3m
A o * , ) “ .
R, = 151de +B_ (Ens:mq).n - anvn51nwn) :,q;n
‘RS = Vdm - K1Emcosozm + KZXmId Vdm ;
t;ué
R6 = Vdn - K1Encosozn +~K2XnId Vdn
. \’?)
R7 B Vdm-K1amecoswm l‘vm f
. “\v’)'
_ g o
R8' Vdn K1anVngoswn I‘Un\ M
. N
R..' ="V, «V. -R. I - I L
9r =" Vam > Van.” Raca A afRe
- sp A ol
R = cosa By
10 = Van 7 Van ;i
- sp
Rqq cosa_* = cosa cosa S P
> Control equations Ly
- sp _ ,
Rip = covsctn cosa an e
- sp -\ ﬁig
Rqy3 Pan = Vam a J ) *n %&‘
. ’f,. ;;.:?:!‘
‘,f“\
—_— i T

~
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5. AC/DC Jacobian matrix equations
- Ll
WU AC/DC system QCL¥BU AC/DC Jacobian matrix
equations 1alagsunane DC Jacobian matrix equations 107
vdl vv L
29V 4 LUMY AC Jacobian matrix equations 9
AP H N D AQ
AQ = g | v | B |2 (5.1)
R B C A AX

.
v

'd
AN Decouple principle 1A sub matrix J,N Lﬂuﬂuﬂ

< ' ' et
sub matrix B,C,D WA E ¥ element ﬁauWuqxﬂuﬂuﬂﬁau sub

N 4 '

matrix A 0D matrix A Q10 dun1g (4.1)
ldlll 1 4 dldl dl‘ e
aﬂﬂﬂaﬂlwutﬂuﬂaﬂﬂﬁﬂﬁ D.C. link VUMD bus bar wwaagﬂq
< v .
n'laun diagonal element ﬁﬂﬂl sub matrix H, L

A < v
lWiﬂ:ﬁtuuquﬂimW D.C. link ﬂgizﬂ?ﬂﬂ bus m UtY n Q$1ﬂ

P = P (ac) + P (dc)
m m m

Tasm P (dc) =aBEV sin () ~-@) (5.2)
m mmmim m m

1 1
. X
WWI P_(do) Ty function 189 ©

EBPm/vm | apm (ac)/V_
8'Om . agm
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apm/vm = apm(ac)/vm + apm(dc)/vm
avm avm avm
27N Decouple principle aPm(ac)/Vm = 0
v,
dP (dc)/v = aBE sin (%/ - g /v
m m m m m m. m m
av_

Y] 1

o . o
HAYA phase different ( \)Dm - Qm) "R d1N150ANN

&g Y v o
apm(dc)/vrn nala (wsavanuy sub matrix H 3¢ldtdasuwas
8Vm
]
P
unlunsun Sub matrix L
2 2
%(dc) = a BV - a BV cos (>b ~ @) (5.3)
m mm mm m ) m “m
a ' v v
LLNUI 9 (de) i function MY v INSATATUU RLABNT M
v <
HRZAY @ (dc) AIERD
¢ UHARYD -
element me FLADITIUN an(dc)/Vm
av,
element L - QLADNTINHRUD aQn(dc)/V
nn n

av_
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APPENDIX I
Symbols

Vd - direct voltage

Id ’ - direct current

Em - alternating voltage

Vm - alternating voltage

Im - alternating current

K - ratio of AC and DC per unit voltage

and current

B - susceptance

a - transformer turns ratio
g - voltage angle

O«

- firing angle

APPENDIX II

Per Unit System

Pac)base = PMW (3 Phase Power)

vac)base = VKV line-to line

(I pase = (/ 43v)  x10° A
zac)base = (1/V3) V/(Iac)base ohms

(T3 ) ace - ( W/ V) (I ) A
(Ti)pase  ~ P/ ((3 42/ )-(v__ . ) x10° A
(Vdc)base = (3 v2/m) (vac)base kv

(ch)base - ydc/(Idc)base

_ 2
= (18/ w )(Zac)base





