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BOMENCLATURE

Direct-Current Link

Converter a.c. line voltage

I converter a.c. line current

Id’Iq direct and guadrature axis components of converter
G.C. line current

Pdc’Qc active and reactive power input to conveter

¥ d.c. line wvecltage
de
L4 d.c. line current
c
}it converter transformer leskage reactance referred
to bridge side
R resistance of d.c. link
Re effective resistance of d.ec. 1ink
T effective {ime constant of d.c. link
Idr reference current for d.c. link
4 phose angle between converter fundamentel voltage
and fundamental current
X converter-valve firing-delay angle
[3 converter-valve firing-angle advance
= 180° -X
e estinction angle.
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vi
Subscripts
r, i rectifier and inverter gueniities, respectively

Alternating Current System

¥f field voltage
ﬁd W .

vfd = Ts ?f field voltage referred to stator.

Vd,?q direct and guadrature axis components of machine
terminal voltage Vt

iﬁ,iq direct and guadrature axis components of machine
terminal current it

if field current

Xd'xq direct and quadrature axis synchronoug resctances

Xé direct axis transient reactaznce

ﬂd mutual inductance between field end direct axis
winding

Té direct gxis fransient open circuit time conaiant

rao armature registance

£, @ rotor angle with respect toc infinite busbar and
machine terminal voltages, respectively

?O infinite busbar voltage

w synchronous speed, rad/sec.

X tie }ine series inductive reactance
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vii

Kc shunt capacitor reaciance

M inertia constant

L gystem damping ceoefficient

Pe electrical power cutput from alternator

Pm prime-mover power

Kegulators

K v voltage regulatcr gain

Te voltage regulator time consiant

K current regulator gain

Kl current regulator gain corresponding to the
derivative signal

Tl’Td current regulator time conatants

KI inverter firing circuit gein.
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viii

This thegls situdies the effects of the converter

stabvion controls on the dynamic behaviour of paraliel

a.c./d.c. power syctems.

A syncnronous generatcr comnected to an irnfinite
Eus through & doo. line 1s congidered at first. 4

saralliel a.c. line is added to the system and the new

comninotion is aigo gtadied.

Throughout the theslds, the inverter statisn is
noowied to have coangtant extinetion angle contrel with
current control cverride, The rectifier staotion is

considerct witn o congtant current controller azs well

o nongtant power controllers,

The synochroncus generator excitoaticon conirol and

]

o
)
(0
faf

zoverner sre incliuded in the systen model.

The Domain Seperatici criterion iz used to ana-
lyize the perforusrce of the two systemz studied. The
onnoysils produced the best values for the gaing of the
excibtaticn and d.e. current control loops. The values
rengze of these gains &re obtained subject to prespeci-

or tre owverall system damping coefficient.
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A\
ix

The effecis of varying variocus system and regime
varameters on the allowable range for the controller
gains are investigated. The results obtained give the
beat wvalues of the contreoiler gain for thke given coni-
rol configurstion in order tc achieve the best perfor-

mance for the overall system.

It is found out thaet under constant power control
a wider range of gain values for stable operation of

the system is obtained.
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CHAPTER I

INTHODUCTION

GENERAL ASPECTS OF HIGH VOLTAGE DIRECT CURRENT TRANSHMISSION

It is an established fact that aiternating
current holds a unique position hoth as far as the pene-
raticn of electrical energy is concerned and alsoc for the
digtributicn of tnis energy to the ultimate consumers.
This gituation favouring glternating current, may be
attributed to its commutator-free generators and above
all to the ease with which the voltage st the generaticn
side can be transformed up to the desired transmission
voltage, Just as it can be readily reduced again at the
censumer side to the various veoltage levels required.

The stage, &t which the applicaticn of direct current
appears today to be favourable within the overall oprocess
of electrical energy production, transmission and distri-
buticn to the consumer, is thus limited to the trans-

. « ]
mls3Llonl aresg.

In the case of modern d.c. plants the problem is
therefore alwayes one of transporting energy from one
alternating current (a.c.) network to another, i.e. the
energy from an m.c¢c. network must be transformed inte a

high voltage d.c. system (rectification) and &t the
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other end of the transmission system the d.c. energy
must, in opposite manner, be returned back to a.c.
form (inversicn). The practical soluticn of this prob-
lem has, howeven only become possible following decades
of development work, which has led to the construction
of mercury-arc valves that have fulfilled the necessary
requirements beth as regards voltage siresses and
current loadings. Furthermore, the favourable position,
which thyristors have attained in recent times within
the low voltage fields, has encouraged their irntrocduc-
tion inte the high voltage fields and thereby a broa-
dening of the range oi svallable technology has taken

nlace.

The amount of electrical energy transported over
kigh voltage d.c. transmissicn kas increased exponenti-
ally during the last half of this centuary (Fig. 1.1)}.
Tnis ig due to the advantages offered by this mode of

trangmisgaicn over the a.c. one.

The map given in #Fig.{(1.2) shows over 25 h.v.d.c.
transgmission projects either in service, under constiru-

ction or actively studiedl.

Une naturally asks what limitations of the a.c.
transmission has led to the use of d.c. transmission in

some projects.
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