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SYOP3IS

thon o loed is interrupted ot o ramote ond of on

a.c. troancaisslon line, it io seon that voltage rioes
at tho Conorator terninals, The couses of voltago rieod
-~ at tho goncrator {erminalo on romote load interruption
havo boon dicouccod. The litorature available at this
ovare hoo boeen apponded briofly. The rectifiecrs and
invorters control has boon diceussed in brief, The
inductive proportics of H,V.D.C. link have boen brought
out, The offect of an H.V.D,.C. link on supproasion of
volboge rise ot the pgencrator terminals on rermte lood

torruption hes been ooteblished, The percentage orror
han aleo heen obtained botween the remlts worked out by
colewlation end awisting mreotical obtained one. Tho mothods
of supprosoion of volbazo rise at the gonerator torminals
on romote load interrupliion hove been disoussad. The author
has alco dicouoced the nreeticnd) ovailable toot ropulison
the gupnroogion of woltaro riso at tho gonerator terminale
on rerote load interruntion with the application of H.V.D.C
1inlz,
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CHAFIZR 1

ITTRODUCTTON

Thon the roceliving ond of a long dlotaneo a.C.
tronemiooion line is opened becanso of tho bus bar Loudd,
Torreati offvet and epeed inorecce of the gongrator rosult
in on oxtroordinary riso of generator tomminal woltasa.

The dynemic ovor volioges which ocour on oponing
tho rosaiving ond oireuit brealier can de quite high on tho
gonerator torminals as the line charging IL.V.A. 4o of tho
sme order ag tho gonorator IL.V.A. Thuo, the gystem ovor |
wltagos sre quite high for saveral seconds aftor the load
rojcotion, and over woltoge at this ¢ire may dotermine pystom
inmleation requircmonts,

\mon over opeed occurs as o rosuit of Mll Yoad
rejoosion, the spood povernor acts o olose the gate linearly
in noorly 5 scconds aftor 1 sccond timo dcolay. So thore io
ebnornal voltage rico ot the gemorator termincle during 1 sec.

in ordor %o prevent thic abmrmal voltage riovo, a
gt rocetor bank night be inotelled botween the tranemisnion
1inc md ground, IZ n.c. oysten 1o coupled with a d.¢. oystan
tho cooun® of tho above nantioned dmnt roaotor moy bo roduced
(poooidly to zero).



CHAFTER II
BRIZTF INZRODUCIRION OF H.V,D.C., SYSEBIS

2.1 BASIC TMEORY AID BRIEF DESCRIETION OF THD OPERATION
OF RECTIVIIR AND TIVERTER:

Tho main aésantial squipmont, rogponsidble to
contriduteo a H.V,D.C., oystom are converters at both the
onds of the d.¢, lino and thodr apoocioted control axrrange-
menta, o‘onwfter transformors and cmoothing reactors. Tho
gmoothing reactors at the tww onds are used to linge tho
rate of rise of current and to roduce the rfipples in the
d,c. output, |

The univereally accepted three phase brid@e CONNCC-
tior known as Uroets cdmectian, wnich provides tho boat
utilization of tho tmsi’mr 10 uecod evei's; therae, Thoe
bagic bridee configuration for the oporation of reotifier
and invortor are chotm in Fig 2.1(A) ond Fig.2.2(A) vospeo-
tively. Pig 2.1(B) and Fip.2.2(D) chows tho oseilloprams of
the output voltage for rectifior ond inverter rocpoctively.

In rectificr the voluo contiuction can be dolayod or
aceoleratod by controliing the grid operation, The relation
of recotifior for dolay angle o io ‘givan( 6) b,

Vg = — D Cosg (2.1)
L4

Horo 'ﬂ‘ﬂ io d.0, output veliarse and B 18 r.m.s valuo of

a.c voliome botuwoon two nhaooo.
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thon one value stops conducting, tho oureend doen
not irmrediatoly decline o soxo, but 4t takes o finite
tino coxrreoponding to an anglo *u' olootrical degrec,
to cone Yo soro, dus to tho recetmea of a.c syotom,
S{nilarly the currant dooo not atbain I(Direot Curront)
volue immediatoly in the incomins volve vhon 4% is rondered
conducting. As chown in Fig.2.4(B) and Fig.2.2(B), the
| poriod 'w' is Imovm 0o over lap an~lo. Thore 4o alco a
reduction of direet voltese duo to the overley amlo.

Theredore not oudtyut voltase con be errrococd in mathow
natical torme no followas

i N 00 ﬂ \ ..
7, a:ﬁs’m[ écm os(u»a)] (2.2)
b1 2
> Q Coal (2.3)
Id nvz‘% 0g ¢ = Coal{osr) | {2.3

Here T 1o ¢he indubtcnoe of tranciormoer vinding,
Bouation 2.2 chows that by inereaning « d4.0. avorane volioso
goos on dooreasing, pacses through gere, md vien ¢ oqual or
@oeed 90°, tho average volteso becomes nogativo. Tiow 47 oa
asternal d-0 voltoge forcop the curront in the dirodﬂan,

" 4n vhich tho valvo con&ua‘té againat tho nepgative woltano,
the firing mmplo is Imowm ao ‘annlae of advance ﬁrans‘ and
is givom Dy, | |

0 = 180° - o

It 1o inportant to noto thal curront is otilll Lloving



in the some direotion forced as the rectifier woltage.
During inverter operation it 1is important to note that
cormutiation is to ocomplated before the point 'Ct in

Fig 2.2(B). In faot commtation must be completed wAth
certain extinction angle, Y, before voltage zero. The
angle Y, encble the valve to delonige, other-wise same
valve will conduct egein and take current from next valve,
It is therefore, very important to give' the inverter suffi.
eient angle of advance § = Y.+ u. Therefore delay angle
control is sn sosential feature for an invertar operation.

Since the inverter is merely a rectifier with delay
angle ¢ greator than 90°, the same equation No.2.3 and 2.4
will hold good for inverter operabion also. The inverter
equation are axyressed internm of sdvonce firing angle p and
extinction angle *ro. The exprecsion for direct voltage and

current 816,
rZ2 e Y
vy = mn[ 208 s Ya] (2.5)
x ' -2
B | .
Ig = m (Cos ¥, = Cou §) (2.6)

2.2 CONTROL OF RECTIFIERS AND INVERTERS

The theory of the converter operation shows that
direot voltage and current are funotion of ;:: end u for
rectifiers and g, u, and ¥ for inverters, By varying these
quantities in a suitadle way. the converters can be given
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any deeired 'aharwteriatic over its range of operation.

The melection of the converter characteristics therefore
ghould be such as to meet the requirement of regulation

and proteotion,

The trend in d.c. trenamisaion is that power
transmission is controlled by the rectifiers and it is
important to considercthe operation of the vulves strioctly
with in their current rating, since théere is substantial
rigk of damage in eape of ourrent exceeds the rated value,
This resulted in the incorporation of constant cuxvent
control(C.C. Control) in the rectifier side. In case the
current riges above the particular setting, the constant
current control immediately increase the delay angle o,
there by reduces the outpﬁt voltage, oonsaequently the
currex‘rk is brought to the set volve. In addition to the
congtant ocurrent control rectifier is provided with auto-
natic tap changer. On the other hand safety of operatiori
has to be kept in ﬁem in case of inverter operation, To
guard the safety, the inverters are provided wvith a control
sach that the firing angle is always in éptirmm value to
enable the grid atteining its deionisation state and to have
the reactive power consumption with in limit,

2.3  APPLICATION OF H.V.D.C. SYSIEM:
Since the major super thermal stations will be
loceted near to the pitch heads, a problem of 'pumping out
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the bulk power' from the super thewmal stations into the
national grid is characteristic of the sixth pisn power
network configrations,

Hence one of the posaible applications would be
connecting the large super thermal station of more than
1000+1500 M.W. to a convenient point of the national grid.
This does not mreclude the rightful necessity of inter-
connection of the supper thermal atation into a ring of
trunk lines cmongst the other large thermal stations in
the coal belt areas, Altermatively, supper theormal atatidn
located on the periphery of the coal balt regions could
be bon:nected by an HV.D.C. line to lood centre through
a point to ypoint power trmmaefer of Dulk power. It ie
obvious this proposition nay prove economicsl solution in
comparison to EJH.V. A0, only 4if longer distances are
involved, An example of this could be intercomnection of
Ghanﬁramr—?;mr super thermgl stations to load centres
near Bombay- Poona area. This link could be in parallel
to 400 K.V. A, Koradi-Kalwa tronsnission and may serve
as a stabilising measure for bulk power transmission in the
evea., Another example would be comneotion of the sastern
periyhery of the coalbelt to the Caloutta load centre,

The major hydro resources ore located in the northern
Himalayen region, Power from these hydrositeno- with potential
upto 1000 M.W. gtations may be fed intos the national grid
by means of H,V.D.C, 1lines. Dictence involved would be of the
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ordor of 200-350 kms in such ocapes,

Interconnection betweon Gride-Natlonal Levell

At present there is a plan to connect the regional —
power gystems into Fational grid. The reglonal gride
themsalves would develop intoc major syetem in the next
fiftoen years and the pattern of formation of much systems
nay have to be reconsidered, It is common experience that
the operetiorn of much interconnected syctéms poses problems
fron the point of view.

{a) Stability of eyastem

(b) Short circuit levels going too high

{c) Control of frequency

(d) Gexerator terminml voltage rise on remote load
interruption.

Inmprovement of System Stabilitys

The transient stability of en a.c and d.c ayotem
is meh bedtter than that of en a.¢ gystem only and |
the transient gtadbility can be improved with stabiliity
linits increased by offeoting a control of the current.
in the d.c gystem or dy a damping method in which surplus
power is digsipated through a high resistonce commected in
parallel with the a.c linea.

According to control methods, the power flow of 4.c
gystem can be conbrolled by whioh distérbance in a paralieling
a.¢ system may be removed with out delay. If the d.c¢ power is
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rapidly increased in case of the a.,0 system faulta, the
transient stability is improved.

Limiting of Short Jircuit Levels:

The short oircuit currents in eny developing power
system, increase faost with the addition to the directly
connected gonerators and the mmber of system inter-
connections. The increase can be axrrested either by
chooeing and superimpo 'sing a higher voltage net work or
segregating the systems after particular limit such as
30 to 40 Ksd.is reached, The gpliting or segcregation of
regional grido could bo sehisved by means of short d.o.
link serving as asynchronoustios, which would in turn
© limit the short circult currents. The R and D effort
required for higher famlt level wlth stond appsratue would
gtill talke a long time in Indin.

Agynchronous ties for Frequency Control: .
| The d4.¢ asynchronous link betwson rogional grids
may gerve to contain fraquency fluotuations md distur-
bances to that particular system alone. These link would
not allow a chain reaction of frogquency collapse and avold
the amowballing effect of such an eventuzlity leading to
major system desaster. Frequency control in Indien systems
at present is not very satisfactory. Introduction of largerx
stean sets would impose further restrictions and frequency
dips common at yresent may not be tolerated by the system.
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Suppresoion of Gensrator Termingls Voltage Rise on
Remote load Interruptions

when the receiving end of a long diactance a.c.

tranamission line is opened because of eny fault, the
charging capacity of line results in a voltage rise at
vthav generator temminals. In order _ta prevent this voltage
rise, a shhunt resctor bank might be installed between
tranmissibﬁ ima and ground, If a.c¢ system is coupled
with a d.c. gystem, the amount of this shunt reastor may
be ru&uea& to zero. Thio disseortation work investigates

the suppressing effect of d.c system on the generator
terminal voltage rise at tho time of vremote load interruption.
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VOLZAGD RISE AT THE CIIGRAZOR TERITITALS O REIORS
LOAD INITRRUPTION

3.4  VOLOACE RIS DUE 70 FERRATE EFFECTS
In a long tronemission lino, opon ¢lxcuited or vory
14-vily loaded, the charging curyont {flawo duc to tho
chorging capacity of line. Beoouso of this curront flovw,
o ice of preooure occurs at tho conerator tominals with
reopact to intarmel woltaro of the genarator which is kopd

cCoONnGtont.

Thic preccure rise 18 due to the o.n,£. ceroso the
induetanco of gonorator winding., Thuo both capzeitance and
inductonce are naecesgary to moduce this effcot.

In order to detormine the manitude(m} of prossuro
riooc one half of capecitance will bo asoumed to bo concone
troted at the recedvins end end one helf ab the gonorator
torninal. In Fig.3.1 1o chowm,thé rocoiving ond voliage
roproconted by OR, whilo OD drawn 90° shend of OR, is
chiczging curront concumed by charging reastance of 2.0 lino,
then loed 1o discormcoted, OD 1o total curront at genorator
forminal. e voltosce concumed by the reaistonce of gach
conductor 1a RC drowm'in phose vith OD and voltago concumced
by tho rocotonco of cnch conduetor ig COF , draw ¢0° ahood of
0D. Thup woltage at tho gonorstor tormincl is 08, Voltono
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conounad by the rooctancae of the ponerator winding is

drorm by 86 In phooe uith €S. Thus the induced voltoso

o< tho gencrator ig 0G, waioh is omaller than tho ponorator
torminal voltoge By 1.0, 08 in diagroem.

Tho voltane rise ot the pomergtor tomminal on remoteo
load intorruption noy be chotvm mathonmatieally alco,

Congoidor a long 1ine of vhdeh,n 1o the porioes
impedonce of olement of lime per unit length and ¥ 4o tho
- ghunt adnitonco por unit leagth. ”’an voltane exprossion
for lonz lino m(“)

Vg = Vg Cosh Al + IpZ, SinbAl {(3.1)
LA - o
Ig =X, Cosh Al + ~= Sinh Al (3.2)

Here ?g‘ia sarding ond voltoge, vhich 18 alzo
gonorator torninel wolioge, I4 io the gonding ond ourront,
In amd VR, are the yecodving ond curront ad wlltast rospice

Livoly.
Here zc =Y /¥ s onllod choreptoristic impedmnce of line
A =Y¥8 , called propogation conotmnt

For unloodod 1inc.
!ﬁ o 0

Vs e VR Cooh Al (30&)
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v
Ig .:ﬁ% Stnh AL (3.5)
Vg |
or Ig o tanh Al (3.6)

Here as load on the line io Zero, current aupplied
to 1line is nothing but only the c¢harging ocurrent of line,

So we nay put Isaxc ond VS‘”Et,

Then equation (3.6) become

E_htank A

Ig (3.7)

% | |
This current splits up into two component, one in
phoge, and one in quordature with reaspect to terminal
B tanh X1
The quardature component of In = ;}I{,q =X [%—-‘- ]
. c
(3.8)
I, ingtead for imoginary in equation 3.8.

| to
Voltage rise due,this quardature component of charging
ourrent at the generator terminsls ig, |

(3.9)

o ' Eﬁ tanh A)
&=y Xpely 'zc

In order to reduce this voltage at load interruption
a shunt reactor is necessary which draws lagging current and
compensates the leading quardature component of Ige
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Por the neutralisation of the effect of this
charging currsnt, the lagging ment drawn by shunt |
reactor should be equal to Iy == J Ig, |

: B, tanh Al
, EG

.
Required Shunt reactor = 3 Xg = L

T

-l

& [‘t % ]
(3.11)

— %.5 _ VOLTAGE RISE DUE T0 SPEED INCREASE OF THE GENERATOR

When load in Snterrupted, the accelerating power P,
increases. This increase of accelerating power, inoreases
the torgue angle 5 and speed w of the generator, that can
be ahawn by swing «equation(a)

From swing equation

a%

M :1;-2- aPa (5.12)

Integrating this equation with recpect to %,

5 ! [ P.at
we— g Y g —— ...K
at M =2 1
Pt
'-&-*K

N 1



Wien t = 0._ Wew = rated speod.

Pt
5o W e -i-» + v
Thus increase in speed = (w?wo) = fgz (3.13)

Hera M is the irertia mﬁzm vhich is not strictly
constant becanse speed w varies eome what during the swings
vhich follows the disturbance. In rraectical cases, however,
the change in gpeed w before gynchronim is lost 1o so anall
-in comparicon to the nommsl apoed Wy that very 1ittle error
is introduced by the acaunmption that M is constant. Henoe, it
is ougtomary in solving the owing equation regard M as constant
end equal to I, the value of ampulay moment at the normal
speed. This value of M is known as the inertia constant of
nachine,

- Fow change or rise in wltage $s dircotly proportional
to rise in speed. 1€ &£ is riee in voltage due to rise of
‘opeed then,

fw - w,) - |
o RO - B, (3.14)
wo
P ..t "
R MU ; | (3.15)
Maw, °

Here RO ig genorated voltage at rated speed of the
generator,



VOLTAGE RISE IUE 70 KESORANCE

If in a cirouit consiating a comdenscer (of capaci-
tance ¢ farad) in series with an inductamce and resigtance
(of value L heneries and R Omms respeetively), therse
impressed an alternating voltage of B volts, then current
in that oircuit is givm( w)by,

E

H e m

Here w = 2nf = 2 o fraegquency

The conductive reactance 1/wC thus to neutralime
the inductive reactance vili. Complete nentralisation is
obtained when 1/wo = wh, amd condlition is called electrical
reconance, The current them becomes equal to B/R en-d is in
rhase with the impressed voltage, henece, oo far as currsent
is concerned, the circuil 1s equivalent to 2 simple resistsuce
only,

From anodher point of view however as regard to the
voltage distritution in the circuit the resonating cirouit
is by no means _amxivalent to oimple cirecult of yresbstance R
Tor while in thag latter the po*t:‘enﬁal difference between only
two points can never oxceced the value of impressed voltage,
in the resonating cirouit, potential difforence occur which
may be lerge mtiples of the inpressed voltage.

In commerciel tranamission circuit the papacitance
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is usually so amall that resonance can not ocour st the
fundanental mpply frequency, tut if the gemorator e.m.f,
wave is distorted, trouble may be experienced due to
resonamee of one of the higher hormonics. This &8 owing to
the fact that with g constant inductanee, the valus of
the capacitance required to produce resonance varies
inversely as the square of frequenoy.
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CHAFTCR.IV

GEIIERADOR SURITINAL VOLZACD RISE SUPPRLOGING PROPER-
QIB8 OF AT A.C, SHUIM REACTOR ATD A D.C, LINK,

4.1 TFTECT OF A.C. 9HUIT? REACTOR: |

thon induotive dnnt rooctor 1o commcoted aoross
on Q.0. lino, it takes lagging ocurront from tho a.e syotom,
vhich 48 usaiull for oupprocsion of voltago rise at tho
'gccncsz'aﬁor ‘dermingl on romote load interrupiion.

Lot X, 1o totsl charging rosctance of 6.0s 1ino
ond XS io ghant rocotor used to suppress tho genorator
torminal volbtope rise. Vhen Aloaﬁ 1o interrupted, the
charging current IG will flov through the poneravor
winding cnd due to this thore rust be a volloge wise at
tho gonerator terminel. But oo cghunt resctor is oled prosent
£o lazging curront I " droxm by tho chunt ronctor vwill alco
flov in the generator vindins ond this curront will reduco
the woltane at tho pgonoerator tormingl oo given bolow. If
Bﬁg io the genorotor torminal woliage afier load interrup-
tion, Eo 15 inducod voltage of gencrator, and X ia

8
cqnctmtor 14dding rezetonea then,

I o c—t . (4.9)
e

I, o —t2 (4.2)
4-33'.3

Talkin; tho effoots of these reoctive coaponeay of



currente, the generator terminal voltage Etz on remote

load interruption may be found cut mathematically as
followss

1Byl = Byl + l%* Il)"”xg*

. Bty I
= Byl + “j@.’f | ‘3}‘?%[

« |Egpl [1 - —:;g (1~ %)] | (4.3)

. Reactive power required ﬁy shunt reactor
Here g= = .

5  Reaotive power supplied by changing capacity
of a.c. line, '

From equation 4.3 we get

1
Eeol (4.4)

el
Bl ;5(1»%

- Above relation shows that for a fixed charging
——capaolty of en a.0 line, as the amount of reactive power
required by shunt reactor inoreases the voltage rise at

the generator terminals decreaces,

4,2 EFFECT OF D.C. LIRK!

when an a.0 system is coupled with d.c system as
shown in f£ig.4,4, the rectifier takes lagging curvent from
a.c¢ systenm or it require reactive power. Similaxly the
inverter is gaid eithexr to talke laogeing current or to
deliver leading current to the a.c system. Thus inverter



operation also roquiro ronotive power. The ghunt ronators
ond convertore both drawv logsing curront fironn the a.co
sycton, £0 both are enalogoug to each othor in supprosoing
propertics of voltage rise at the genorator torminals onm
rcoote load intorruption. Lot K:I is 0.0 pide cquivalont of
Ka end rorreconts the logging conponomt of couivolend
cdnittonce of d.¢ gycton. On rerote load intorrauntion vhon
d.¢c gyoten is coupled with a.¢ gysten, o recotive conponont
of currmb 1'61, @rawm by d.o pysten will also flow in tho
pomorator winding, ﬁ?he rozgtive component of current tAll
noutrilize the offoot of changing ourront. |

Taking the ¢ffect of this rooetive componant
of current drawm by d.¢ gysten and neglecting the offoot
of the active component of ocurrent drown by d.c pystom on
voltane rise at the gonerator torminalo, cquation (4.4)

heaomaa‘,
26l ! (és.s)
By .l g
l ta = f(:: (1 - E'g?)

XO Rezetive power roquired by d.c systen
Hore o7 = - _ : e
d Reasctive povor mﬁpliad by charging
reactonce of a.0. lino.

If mh’ 1o voltage ot ponorator terminal whon
generator 1o ab rated lood, ond ot this time generator
terminal voltage is loos than inducod voltage |E,| aue to
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lagging current of load,
Taking
E
%‘é&:—- E=~3 1.05
¢
g = 3465 p.u at generstor base

xg = 0.5 pa

Sobetituting valuesin equation 4.5

i Byl 0.5 X,
Al ¢ %

Table 1 ghows the woltoge at the generator
torminal after load inmterruption in timos of voltage before
load interruption versus X,/Xi, which is the ratio of
recotive power requirement in d.c system to the reactive
 power supplied by the charging capaoity of a.c. line.

Table 1

1 0 1.22 6." | 1.0 1.050
2 0.2 1.180 | T | 1«2  1.030
> 0.4 . 1145 ‘8 ' 1f4 1.010
4 0.6 \ 1.115 9 1.6 0.986
5

0.8 10085 '

e
¥




ereen
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Tho plot in Tig. 4.2 ohows that, as tho rocetivo
powor roquiromont of d.c. gysten incroosoo, “he gomorator
terminale voltaze rise on romoto lond intorruption roducos.
Yig 6.4 chows practicnl avalloble romilioc of gyotom conglew
dorod in Chaptor six. Thic aleo shovo {the voliego zied ab
e gonorator torninal on remo'eé load interruption vorcus
parcentano of reactive pover ia D.C. syobom and shunt
roeetor t0 2.¢ line charging cdpaci‘by. 2he ploto of Fig.4.2
ond Fig 6.4 cre coincidins wvith ooeh othor. The erroy
botweon two is undor accoptable limito., Fig 4.3 chows tho
parecentage orror dbetween two verous pameantose of roacilve

rower in d.¢ gystem to a.o line charging capecity.

4,3 D0 UICESASE THD RBACTIVE POVLR RODQUIRIIERR OF

D,C, SYSTHl:

 As dicouseed in soction 4.2 that for tho
supproscion of vul‘b@ rino at thoe gonerntor terminalg,
the rocetive powexr requiramont of d.¢ systen chould ba
incroogod. Thoe reactive power roquiroment o;i’ roctificn
ineroacao with the incroasc of doley mnple g. Thie can be

cghotm nothomatieally ao fellovws.,
The poudy Lnotvor for rectifior,

Coo 8 = % (Coo ;; ¢+ Cos (;xm)) (4.6)
Recetive pover moquirenent of reotifior that io,

Q = Va, 3631:1[000”15009 o Cocxngl,)]

(4.7)
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thon g = 0
Y2 B '
Iﬂ o w———— (] - Cop u ) (4.8)
st 1)
Horo u, is corrmtation angle and Vg, io d.0

. output voltage vaen there is no doloy in f£iring i.c. ¢ = O
Vhon ¢ 16 Sinito
V2 B o |
Iy = — (Cos ¢ = Coo(n+e)) (4,9)
2

. then curront in d.c lince 1o kopt congtomt,fron
equation (4.8) and (4.9) w2 @0‘0

Coo o = c::a(a;-:u) 5 1 - coa v,

Cos(am) - cos ¢ + coa u - 1 (4.10)

Subgtituting the value of &m(am) from ogquation (4.‘!0)
in ogn.(4.7), one von got
0 = Vgo I Sin [cos“?(cos o «(Coo u,- 1)ﬂ
. 2 ’
2aldng Vgolq = 0.2 p.u on goenerator baso

u, = 15 Elcotrical degree
Q - 0.2 Sin [005”1(003 o - 060174)]» (4.11)

fablo 2 ghows the variationk of Tocotive pover
roquironont of,rmtiﬁex: vorcug dolay e.ncle_ o+ Tho plot
ghowm in Pig.4.4 chowo that os dolay anrsle ¢ ineroass Tho
reactive povor requirement algo inercase upto roctifior

opcration.
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Table 2
SJo,s | ¢ 4 ol Q.. 18,10, i o9

in Eleot in p.u. in Elect™ | in p.u.
1 0  0.036790 10 45 0.144751
2 5 0.040616 19 50 0.156010
3 10 0.050358 12 55 0.166164
4 15 0.063130 13 60 0.175290
5 20  0.071182 14 65 0.182804
6 25 0.,091336 15 70 0.189086
7 30 0.105688 16 75 0.194060
8 35 0.119432 17 80 0.196962
9 40 0.132524 18 85 0.199510
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OHAFIER ¥

([CAIODS OF SUPERSSSION OF ©HE GUNERATOR
SORITINALS VOLPACE RIS USHIG D.C. LINK

taen 0.0, oyoten 1o coupled with o 4.0 oyotcem
a8 ghowm in Fipg. 4.1, thoe woldage riso al tho genmorator
torminalo on remoto load intorruption can be roduccd by
pover flow control of the 4.0, gyston, Tor preventation
of thio gonerator torminal voltare riee, the d.¢ oystom
nay bo controllod to aboord as much gencrator pouwor outs
mt ao poosidtlol ¥, tmon only the a.e systea axiots, vho
Porrantl offect end the genarator torminal voltoge rico
are provented by installotion of reocctonce XS to canecel
tho charging caposity 0f a0 line Xy A chowm iIn Fig.5.1
the 4.0 gyatem can be viewed fron the ponorator as a ghumt
locd vith on ocquivalent cdmittonce ¥p. Thus tho cquivolont
cdnitimnoeo 'IR can play the sono r»ole as this x-s‘ In congtyrasd
$o tho xs whioh ig corigtant recctanco, the"zn can bo varicd
arbitroxily by power flow control of tho d-o. oyotcm and
thmg utilisc the advantage for the supprocsoion of tho
genorator terminal voltape rics. Fig.5.2 showo tho modal
made up of an g.c ond d.¢ troncmicolon system. Ao diccusced
in Chapter IV that by inoreansing rozotive power rogquircmont
of d.¢ oysten, the voliage risce at tho generator Sorminals
can bo cupprossed.

Uith no imidion dclay, tho reotongular puloo of
altornating line curront aro concontratod on the half sino
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wovon of line to noutral voltarse ao shown in Fig 5.3(a)
ond tho fundomontal nine wmve of mnt 1o in phaoco with
that voltoge wawismition doloy g ohifte t}m cuzront wyavo
ond 1o 2undanontcl component by mngde ¥ = ¢, os chowa in
Fig 5.3(b),(c),(a)(c) and (£). Thus the convortor-rectifier
or inverter both drows roactlive power 'QF from ¢he a.¢.
oyovca. Thio con Yo ghowm from vector diagroem in Fig.5.4,
Qho:-:e are two nmothods the use of vhich con cuppress the
volione rise at the gonerator torminale on ramoto load
intorrupiion.

5,9 ~COSPA™ D,C. COUTROL HMETHOD:
Hhen power {low of the d.c in the d.¢ aoyoten is
in normal direction as chowm in Fig. 4.1, a riese in gonorator
toiminals voltago comoe an increapc of a.c' ﬁmont Ig. Moy
the moacuxed curpront in tho rectifier ie crontor than %ho
got current Igq. The oquivalent cirouit of d.c oyotom is
- thowm £n 913.5.5. Hozo Va(,.’ 15 rectifiar output in idoal
condition vhen ¢ and u both are zoro. Fron ecms.valon't oirmit(".:

‘VM = V(‘{OQAQOB o - &Y | (591)

Vaq = d.e. outmt voltage of roctifier in prosonco of

arld control and appreciable wvinding roactonoe
of trancformer.
| Vao.la\d.c. ou%mt voltane of reotificr vhon Vronofornor
wvinding Teecctonce 1o coro and no grid contwol,
8V @ voliago dwop due to commmtation.

/09895
CENTRAI 1IBR'RY UMIVERSITY OF RO ™
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Durins the, commiation process thoe Suwo phacio
02 n.¢ tremoformar bocones chort circuited and due o tho
Liow of dhoxrt oircult curromst 'is' there is a drop in out-
s voltage. Momlcoting the rooistonco of thoe tranaformor

vindinge end are drop, thiich 1o vory enall as conparcd o
loslano dnductonce L of cooh phicce of tronoformor winding,

W £ot,
a1g o ‘
I = V23 Sin wd (5.2)
as .
Intograting both sldes of equation 5.2
| - VZE -
ig = wE Coa wut ¢ Kg {(5.3)

1}?1‘3 Coo ¢
2L A&

-
v

Ry @ — Cos8 o (5.4)
i
ubotluting ho value of K, in equation (5.3)
e | co
ig & = 3(Con ¢ - Cog Wt)
aw

Thon e = u ¢ g isald..

~

2.« 22 [ oon o - cootucn) - (5.5)
'Cl ol [ o4
Fron Fig 2.1(3) wo cen £ind out 8V, from walch

fakit!
o7 =23/ V2D ot w aw.
o : :
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8§V o ?-VE- E[:cos o -- cos(;xm)] (5.6)
b1

Vao1 g-}: v’é’ E Cos wt awvt

) .
3 ”‘f"‘ B (50?)
s .

Fronm Dguation (5.1), (5.6) and (5.7), ono con ot

v ' '
\/(L‘z %ﬂ[coa o & Cop (am)] ' (5.8)

Faotor W 18 colledl power £aotor

of rcetifier, llow from equation (5.5) and (5.06)

Sl
Y = = I, (5.9)
"]

T éamago arop 1o proportioncl to Ig and tho
effeco% of cormusntion anpoars oo o reoiotonce of d.e sidoe
omal %o HiL/s unich rosults in o vollage drop of 2L | Ig
in d.¢ oide ouiput wlitare. As Jul/z 1o conotant, ©0 may be
renlecod by Rcﬂ the commitation rosictonte. S0 pating
0V = Rggl, in Dquation (5.1) wo got

V(H = Vdo1eOﬂ (2 - 3011& . (5-10)

8inilarly for tho cago of invertor sido in tho
equ&vn:len’o circuit, shova in Pif.5.5 w got

Vap = Vdo:_) Coop o Iaﬁca
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Iere Vg, = d.0. side voltage of inverter in presence of
crid control and approciadble winding reactance
of transformer. .
Vaoo = d.o side voltage of inverter vhen no grid control

and winding reactonce of tronoformer is szero
Rg, = Commtotion rosictonce of inverter

If n1 15 tho d.c resistence of dwc 1ink then

Vay = Vap +RyI, {5.11)
or v&,&oe o - RciId = ?dogcos g+ I'aRcz + Rlla
- V@icos a —- Vaoécoa £
Ry e ey
The veriation of current in d.c. system will

follow the above relation glven in equation (5.12). Fow as
diocussed beofore, when generator torminals voltage rises,

it will increass the output wvoltase of rectifier and current
1 a will mcreaag gccordingly. llow for constant current control
the valuc of Cos ¢ must decrcase to maintain I a consgtant, For
this,delay ancle & mot be inoreased in order to decrease

cog g and thuo there vill be a decreage in the intermal
voltoge of reotifier Vao 3 Copn g.‘

Timo 1t 4o clear thot for maintoining current
Id conpgtant at the time of ternminsl voltage rise, the delay
angle g has to be inoreased. As control angle ¢ increases,

the reec'bive‘ power requirement of d.¢ systenm increases decause
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of noeonsidy of keoping Id constont. So conotant d.c.
control nothed is offoctive for the muppression of tho
genorator torminale volbtase rice by inerecsging tho reaptive
pover roquirement oi’ d.c,gyoten, Condtont d.c.control mothod
involvea the followinss

(a) !easuremeﬁt of current I,.

(b) Comporicon of I4 vith the oot volve I3 ond anplifi-
cation of the difference orror (Id'" Ias)s called orror.

(c) Application of the output simal of the amplifior to 2
phoge shift eircuit that altors the ignition anple ¢

of tho valvo.

(a) TIoasurement of Current:

A dirveet curront, in a clrcuit iscolated from tho
main elrcuit c¢om be obtained, viich 4o proportional to but
1oas than the direct current in the main cirouit, by means
of o 4.0.tronofornor. Thio dovice conaists of two asnturable
reactoro-(transductoro), cash having two windingo, an a.0.
capnly usualldy fod through a gmoll gtop-dowm transformor,
ond a reetifior amploying geveral amall d:!.odes(s).

@ho resetor core have a ghorp soburation point ond
a vory low [LIL.P. Fy for saturation (Fig.5.6). One winding
(the prinary one) carrics the direct ourront I q to bve
neasured, If this current is groat , the prinary winding is
not roally o winding but moroly a otcdsht bor or coble possing
Uhrousi tho cemtor of the windovw of tho core- an arransomont

conmnly uned aloo in a.c. curront trancformowrs for high



&

~s

!

Peeary

IS L T

RN
At

<

w‘;'v \.)0»]

!
R4 PP B o
- ‘\.»
v I o
¢
PR -
- - -
.
- Ra
» : ) A :
. T S
\ ¢
‘ AN
I ~ .
co )
i Al
- e
2 P
. . ,
o
A
, & .
o T_\ i
ke
B
LT AN ;
!
b
r‘f“‘v! s SRR AR
N T z,..‘l . (41’\4\)‘ [
7 e f

e 5 ]

s et = IR P L S
Lt
b Ty ™

. Y x =

noroermecnaty core for

' .\“)‘ e oW
\
¢ -
f;»__i-,f_
g P ) &
;"’ 1;- < 1
+ “
s
P |
. |
{ /’) - ool
1 - -d
£ .
S, K{
'
S
Fae 4 G
Ty .rr oy I3 . '
COocurvenhe SOrce Ly |
e,



- 30 -

roinory currents. Such a mrimery 1o oconsldored <o have

ono turn. The gocondory winding hoo nomy turng, and the
curront ratic is inverscly as the turne ratio, The secondory
winding are excited by aldomating current.

In comnon Jorm of d.c. curront {tronsfornmor the
two cocondary vindings are connected 1n poxries opposition
e aroe in sories with the a.c. source ond o ll wave
reetificr.(Firc.5.7). The primory current I; erorts a
7.7 Fp = ﬂp I a that, in the abgonee of a sccondary
curront, drives the ecases of both resctors Lar into
goturation, producing flux @ omad HJI.F. F revrosented by
point P in Tip.5.6. The seccondary current Is has a
MJLP. Fg = Iig I, that is addod %o F,
subgtraeted from it in reactor . Thus the total iI.H.FB are

in rocctor A and

?A e FP QFS =HDI(1 '&HSI

35

The mim;s on the ncmesvisation curve reprepenting
those condition, arec always oquidistont horisontally from
Y, as, for exomple, arc II and . Pointo Il ond ¥ are for a
very emall gsecoddory currant, and both resptor core arc
8ti11l saturated. A llargcr gecondary ourrent, drives thoese
rointo farther apart (Point Q or 8 and R), coansing resgtor

3 Lo becomo unsaturated.

The flux @ in ecoeh recctor core is ordinate of

the rospoctive point on the marnotisation curve. I both
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reasctors are saturated, the fluxeoo in both cores are

alnmoot equal. If one is anturcted and the other unsaturated
(point R and 8), the fluxos are unoqual.

The relation botweon these fluxes ond the
applied alternating voltcge e will now be developed., If
the resistonco of the secondory cirouit, including seocondary
winding of tranaformer and resctors, rectifier, and load,
415 nepligivle, the applicd voltare is consuned in the
induetive drop aimontaig'f which io in the two reactors.

; ag, 4
Guﬂs*dﬁ aﬂs( gﬂ*'?g)
at it 4as

The nesative simm aricosc from tho opposite
cormection of the two oocondary windings. Tho time intepgral
of thm voltago 1o

f oat = NP = U (F, - F)

. It io tho difference of gecondory flux linkage
of two reactors. If the intasration beging vhen Ig = O' and
if voth resctors are alil®e, oo ascuned, the constants of
integration for both cores arc equol and disappear in the
difference. Suppose thot the voltoge of a.c souree is
cinusoidal,

¢ o EmCoa wt

Then the flux linkage of the socondary oirouit
15 1ike wise oimisoidal ond lacs 90° behind the woltage
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(Fig 5.0(2)) beoamco
Wg =P = f o as :a-’gss.nm

AV ovory inotont tho net flux linknro of two
reaovorg muoct conforn to the wvaluc on this gino curvo.
. Tho eroot value By of the applied voltage rmot bo choson
£o that the erest value of tho flux linknme Em/w,is £omo
viact lese then the hoight of the hystercsis loop, making
1% impoogiblo for the Uun recetors Uo be saturatod in
onpooite dircetions, !:I:Lth no primary current, both aro
nuacturated through out tho eyele. Uith meimary curront
hoving HHW.F greater thom Fm, one roostor or tho othor io
unsaturated during most of tho cyele (pointo R ond S). Only
for chort time intervals noor tho goros of the fluw-linkaso
vave{nocor ercots or volleys of the voltase wave) aro both
reoctoros paturated (roint I and I1). Hence during most of
the cyole tho ILIIL.F,. 1? of <the poocondory current I is
very neoarly equal o tho I’P of the primary curront I ar
aigfortas by 2 Iv‘m, dopanding on vihother |#] is increansing
or decranging. Vhile |@#| 1o inoroasing the oporating roint
of ono reccvor 1o movinsg dovmunxd on the loft hand bronch
of the mosnotisation curve and Fy = Fp ¢ B, vhilo ¥l is
decreasing, the operating point is 'moving upward on the
richt-hand branch of the curve ond Fg = Fp - . If B 10
vory snall, this difforonce is unimportant, and, in cny ovont,
the averare of theoo two quontiticse is the deaired valuo I‘p.

Tho wave ghono of the gocondery curreat ig ig
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dhovm in Figuro 5.8(b). Thio current 1o roctified to form
the output ourrant 1y chowm in Fig.5.8(c). The output
current foithfully Zollows the mogmitude of mrimary o

inmut curront omeont tuo ninor Leaturen,

1« Hoarrov notches in mall timo interval when both
- Toootors aro ungaturatoed. k ‘
2e | Difforencos of -:-Im occuring vefore ond -Iﬁ after a
utép at creogt valuo of iwsl(seros of o), I, boing
the nognotiszing current corresponding to P

%he notches are the chief source of error, for
Im io vory amnll if guitable material.io used in tho cores.
The x%otches are _xmdesimble in applications in vhich the
outyut olgnel muot operate foot-coting devices.

The notches can bo obvinted by the use of two
or thrce devices liko that decoribed cupplied wAth altor-
nating voltago from difforent phacos of o polyphas2 cource
ond with their outmut torminclo parclleled. The final outmut
current io ot ovory instont equal to that of the unit hoving

t“ho rroatoot curront,

(b) Comporicon of I a with the sct value Igg ond amplification
ol difference orrors ,

Block diecrem is shown in P1g.5.9. The zotual valuo
of 1 a 1o compored with oot vdlne of current I,4. Tho difforence
oL two 10 onplificd only vhon I a 18 ooter then ¥ as? and
comlificd output 40 uced as Voo in propoesd echomo of Fir.5.11.
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thon I as io preater than Id, the onplifior outmyt 19
clonnpod o soxo by diodo 3(6).

{(0) Application of tho output ocirnnl of tho smplifier o a
phoso chift circuit that alters the irmition onflo '
of tho valve!

Tho eritoric for oofe rectifior operation is that
deloy englo or mﬁiqn cngle et be layse onough oo that
thic 1s greater than ¢, (minimun valuc of ¢ required), to
cncure the rolisble firins ol the valve. Thoe commtabing
voltoge for volve 3 in Fig 2.9(c) 16 the voliage botwoon
ninge R end ¥ gnd ghown separately in Pi7.5.10(a). Theo |
coﬁ"&m‘l eiroult 49 go dopipmed thal p dhould be atlonst og .
2ho equation of cormutating voliane of valve 3, Saldng O
ao reforemce moint, 1o V28 Sin wi. Do cot the voint at
Zndoh firing chould start with anglo of delay age the
Zollouvins equation chould be gatiofiocd,

Y22 sin vt <[22 8in ¢y = 0

he ingtont at which the oquation is satisfiod is
the Tequired Liring point. Whon roctifier io on constont
current control, a fMurther asignale Voo 18 ol ndded to this
ond pov thoe simulsted equations,

V2D Sin wt 2 B Sin o = Vg = O

Voo 1o obtained fron conporision circuiv schowm in
Fiz.5,9 ond oqual %o A(:t(.i - Ida)* vhere A io onplification freotor

hen vca is oo 1.c. meaoure value is oqual o gov



- 35 -

valuae, the delay ongloe or ignition dngle i»s ege Tho effeot
of nddins- e io ohmmi in Pipure 5.10(c). The greater tho
neenitude of gignol greator will be the angle of delay and
1f Voo 48 lorge enouch, a vAll inereased to 90°, There is
an obvious riolk Yo maling ¢Vys too large oo that summation
oirmel nevor o to positive. Thio is talten care of by adding
a pooitive inpulse of o chort duration to junction.
The amplitude of this pulse 1o large enough to ensure that
oumation sipnal goos positdve at least for the duration of
this pulse, | | |

Practical Arrangoment:

A Dblock diagran of the practical arrangcment io
ghown in Pig 5.1, Tho commutaeting voltane Y2 B Sin we,
sirnaly? Sin @’ tho curront control signal-V,, and a positive
mlee are fod into the gurmming junction and the summation
olgnal 4s fed into the lovel detastor A, vhich detects the
inu;’aant vhen the swrmotlion sicnel paszos through goro, vihille
going pooitive, ’i’hé trigcer fron the levol doteotor is used
oo the otorving point of valve muilce, The signal VGG is
obtained for comstont current control from block diosram
hown in F1g.5.9.

5,2 COIZROL ITTHOD TO RDVERSE THEB FOVCR FLOV-DIRECTION
Il D.C. SYSTMI: |
In thio mothod tho dircction of powex flow of d.c,
ayotan 1o choared ot $ho timo of remoto load intorruntion,
that ig, nornol dircetion{risht to loft) in Fip.5.2. Initially
dircetion of d.c. powvor Llotr 1o ponposite, that 45 loft o
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2irat in Pig 5.2, In oace of d.e. powdr £lov Srom pighd

to 1008 T, = Bys By end Q, = Qg * Qg+ Tovo 2, ond Q. awo
covivo and Teactivo powor cupplied by tho ponerator 1?3‘

end Q;, oxe oetive ond reacvive powor required by lince and

:?d o Qd are aetive ond »eactive rover roquired by d.o.
cyoten regpectivoly. thea d.e povsr Zlow Lfrom lofl ©o wicht
‘&c = Py - ?d and Qg = Qpo Qg £o vhien genczator is at full
lood 1t cupplios aotive powor oquol <o If“.‘,_' - Fa ond reastive
ToTRT QL ¢ Qd" Tiow on renodo load intorruption, :P£ becomoa
oero and - z:'d chanpeas to "‘Pd by 'oZf' oirnel of eircuil broaler.
Zo genoraztor cutpet is tolon by d.¢. systen only. Ao a part

of Input powver of gonerator is talon by d.c. systom thon
aceclorating powor of genamtor docreagos and go rate of

gpeed increasé of ponerator decroaoc ond boceuoe of this tho
voltage rise at the ponerator torminal will decreass. Tho
rozctive pover cupplied by the chorging capacity of line is
azein takon by dee nyoton recetive powor requirement, then

the powor flow of d4.0. oyotem ioc in oppopito diréetaon(refor
Fi3.6.6) converter I aoots as reotifior with no ourrant control,
wiaile éonvemr IT as invortor vith congtont curzont control.
At the t4ime of load interruption the direction of power flow
of tho d.c syoten 1o revercod by the 'off' signal of the
circult brozkor, that iso normol dircotion. In prosont pooition
convertor I1 cote ag o reotifior vith congtant control whilo

convortar I ao an invortor with no ourront control,

CELTRAT 177 apygmcrry OF 2=
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DICSCUSSION O AVAILABLE PRACTICAL TDST REBSULZS

Piguro 5.2 S1llustratos tho oxperimontal model
ncdo up of on 0.0 ond 4.0 artifictal trancmission syetem'?),
Tho rooults, that would bo diccuscod horo, arc obtained from
the above axporinomntal nodel. The gonarator is rated 220%1%
cnd 22.9 E.V.A. Tho impedonee of w‘:hc’xc, the charging capae
city of line, in teoted oyotom is 3.68p.u on gonorator baes.

The airoetion of d.c power flov in the tosted
oyoton, fron right to 1oft(<e——) io onlled normal dircetion
of pofm: flov and fron loft to right(=> ) ié_oalleﬁ opposito
dixrcotion o:f flow.

" 6.1 UHEY FPOUER FLOV OF d.c SYM@EDH I THD DORMAL DIRBCTION

| Pig. 6.1 chows the osoillogram of thoe gonorator
torminal voltage riso on remote load interruption im tho

2.0 gyostan vhen de.¢ 1ink in Pig 5.2 is conding powvor in posil-
tive ox normal dircotion, At the tinmoe of load intorruplion
voliozo »icos due to Forventi offect. After locod intomption
tho cocoloration power clco inereasss and tho opocd of the
genorator ricas, Beccuoo this opeod inereanse, tho induced
volioge of the gomorptor gtaris inercasing ond opood inoroanae
of the gonorator incronges tho terminalo volicze ao shova in
P15, Gad. |

2home oro pona fectorn that controls tho voliame

- pige ot tho gonorator teominnls., Thoy orxe Tho roactive powvor
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requirement of d.¢, system and siunt reactors, As scon as
voltage at the gmmerator terminale starts rising, the current
in d4.¢,1link increases and so ective and reactive power
requirements of d.c.system rive at the seme moment. As
current in 4.¢. eystem increases, this increases the
control angle ¢ of the rectifier according to consbaxxt
current control, Due to increage of. control angle ¢ the
reactive power requirement of 4.¢.oystem increases further
more end active power requirement reduces. The reactive
power regquiremont eharacteristic of ﬁ.ﬁ.syebém 16 1ike a
ghunt reactor and this reduces the effect of voltage rige
due to Ferranti offeot.

. Fipgure 5.2 chows thoe oscillograms for the ocase
whero d.0 gystem is aboent but chunt reactor is installed
in a.c systen, The generator is without A.V.R. and capacity
of shunt reactor is 73.8 percent of charging cadacity of
a.¢ line, The generator terminel voltage rise is 1.14 times
on remote load interruption. This voltage further inoreases
due to speed inorease of the generator, The shint reactor
cormacted here draws lagging current which neutralige the
csharging effect of Xa. In thio case net voltage rise aﬁo:r
one second i 1.42 timen, Hers no d.¢. line ig connected oo

Qd and Fd are garo.

Fig. 6.3 chows the charncteristic of the generator
terminal voltage rise on remote load interruption with and
vithout d.c system. The generator is not equipped with an
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A.V.R. Tho colid linco ropwescnt the cago without chunt
Tenctor, thercas the dotied lines, the caco with chunt
recovor. hem thoro 1o no dhmt recstor, no 4.c.gysvom

1o nocd then vol"caga riso at the momont of lond interzuption is
1.2 t4m00 thot 4o Guo to Forwenti offoct only. After %hat,

| boornse of aacelem‘ainc POLIYT npaaa of genorator inoroacos
ondt ¢hon volleno at the goncrator terminale olso inexroacsags,
This ineroance in voltoge contimios upto Tho point when
covornor comep in the operation. Men gt ronotor 40 uced
in n.¢ oyoten, this droaws o logaing currant end neutraline
<he leading cuwzront dravm by chorging eopaoity of the alsc.
linc, Tims thoe voltage at generator terminal at tho monent
02 load interruption is only 1.1 times vnon 2.0, oystem io

" courlod with shunt rocctor. The volitoge risce due ©o opood
incroase ronoin nomo as befdre, becanso ghmt Tocelor can
not holp in x'oéhzcmg the acceleraﬁiﬁg povor of Tho gonorator.

1hen d.e gycten io alco ooupled wi“‘a 0.0 ByOtca,

the d.¢ sysica &z‘mm renotive as wll eotivo por Lroa o
Q.¢ oyoten. A pozt of recetive powor cuppliod by a.6. 1ine
cacroing eapaeity 4o taken by .. cyotcn and co currom® ararm
from ho gomorntor (losding curront) on rcmote load intorzup-
tlon 40 loos in conparision to without d.¢, gyoten, Yhus the

14050 2103 ol ¢ho ponont of load intarTuption 4o losa ap
conporicon %o without d,0.oyobom. Ao d.¢, oyoicm oloo dzovn
cotivo povar, o0 coceclonnting rowsr of the gonorator deorcacod.

Tho rate of »igd of volgone ot the fonorptor varninels duo %o
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spacd increasa, doorocces as chowm in fisure 6.3,

Fi@zré.s.4 wwo the offoet of renotive powor
requiroront Vof d.c., gyotern and dhunt reactor on the suppro-
saion of the generator terpinel voliape rice. In thio
Tiruro, the intornal induced voliago is hopt constant, .0,
tho ccnam‘::dr $o not cguippod with A.V.,R, The reaoi:im
roror voquirenont of d.c. system roprosanting 'thc absoiaga
of Fimure 6.4 is chosen to Xo/X! 45 viere XY 1o tho a.c
equivolent of Xé1 and reprosonts the legeing component of
aquivelont pinitense of the d.c. mvafmn bofore tho load
intorruption., Whon both the d.c. syotem and dhunt roactors
aro m:'ennt, the absciosa reprosents approxinatoly the valuo
;9- ggv) vhere xe is line uhargmg capthy of .14no, I%
iﬂ alaar from figure 6.4 that the d.¢ mra’cem has tho sgamo
offoct of muprrosaing the gencralor tormingls voltage rico
as gaunt roastor. Tho Pip,. ahous that with an inoroasad
valua of reactive powor requiroment of Q.c,. ayétem, tho

.

genorator torminals voliage rise can be suppressad.

6.2 UIED TOUR FLOY O d.0. SYSZEM I 2UD OPFOSITE DIRECTION
Piz. 6.5 ghous the osoillograms of the generator
sorminale voltose rice at the time of remote load intorruption
in the o0.¢ oyoiom whlleo the d.c. gystem in Fig.6.6 is econding
powrer in the oppoadte (loft to richt) dircction. The gonarator
10 oquippcd with an A.V.R. and no ghunt reooetor 4is installed
on tha a.0 lino, In this mothod d.c gystem is cach Shat afior

1o lood intozruntion, tho pover Llow of d.¢. ogysten s revorcad
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1.¢. loft Lo richt in Fir.6.6. The d.0.8ystom is on coagtant
curront control maintained by the invorter before ¢heo povor
flow rovorsal and thoe reetifior aftor powor flow rovorsal.

In Figure 6.5, the pgenorator terminal voldaso riss o tho
time of load invorruption is 1,13 times. This wvoltage rise
1o o rooult of,Forrantl effeet twilch ineroacss tho gonerator
torninal voltage and reactive rower requirement of convorter
wiieh cupprens the voltase rise. Vhon no d.c syston 4o used
the vblta:o rige at gonerator torminol ie 1.2 timen ao choxm
in Pir.6,3. In this cape, dealed in Pig.0.5, the d.¢, system
reactive power rogquirenen? is 9.45 R.V.AR. vhich o0 0.42p.u
at gonorator baso. This reactive pover remiircmont of d.c.
gyctom reduces the vwoltane of the gmewotor terminal upto
113 timoa, Sinco at the moment of load interruption ¢ho
Qimaﬁinn.of d.0. power flow ig roversed by the 'off? aignal
of tho circuit droaker, oo after lagd interruption 4.0, syston
talos power from the genémtoxf. Thue aceclerating pover of
gonerator is roduced ond therc by voltage rice due to opoed
inereasoe o the gonerctor is deoredsed. Horoe mmtomatioc
voltaze rogulator 4o used vhich controls the vo:l‘%agé rico

by controling the axeitotion of nochine, Ao excitation of
the geﬁerator doerencoo the induced voliasce aleo dosrsasas.
£o by ueing cutomatic voliege regulator cnd by revorsing the
direcotion of d.c, powax ilow, the gonorator torminalo voliano
vica eon o redvecd Co apmropricte lovol. Curve in PAg 6.5
gwws Shaet ot tHho coroat of locd interruption thoe output of

o soporotor 10 raduced Yo £oxo cad it increacce o Pﬁ in
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0.2 second and it remains zero upto 0.12 gecond. This

timo is required in the reversal of powor Llow direotiion.
During this interval the effeot of the d.¢ pystem can not
be anticipated, tut after | thiag, the effect of power reversal
control of d.0. soystem 15 quite remorlable. After 0.4 seo.,
the d.c systen i,-aduces the voltage rise to 1.09 times in
contrast with 1.15 times without d.c gyotom,
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CHAPTER ViZ
COIICLU ST,

As d.a, systqm can be regarded os a chunt load
vcn viewed from the gemezator, it has o ouprwossing offoct
on the gwmewrator varminal voltose rice 1lile o dnmt
ronctor. Thio oflcet inexonsos with tho ceopoelty of 4,0
oystom. Since tho renstivo pouvor roquircment of tho d.¢
gyobton increaces with tho gonorotor terminalo voltoano riso,
co tho d.0. oyotom 48 more offcotlve thon the constant

roocvor Zor the supprescion of volliago rics,

The dircetion ﬁf tho d.c. power flovw ah@ld be
reverped for thoe suppression of the generol terminnlo
voltage rige et the tinmc of Temote load dntarruption in tho
o.¢ gyotem, During the powoxr flow reverecl,the d.¢ powor
pacccd through zero and corresponding drop of the roective
powar roquircment of d.c. reducos the cupprescing offeetd.
Tovaver the power flov of 4.0 oystem ig reversed aftor
about 0,1 sccomd end thon d.c. gyoton beconme offcetivo,

Tho mmount of dmunt Teactor on the a.e ogystom
can bo reduced if the n.c pyston ig ccheduled to the intore
connection with a d.c. oyotom. Almo if the d.c. oysion is
operatod almoot at its rated lood with the roactivo powor
cupply fron the a.c., oystom, the chunt sooctor can bo onitted.
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