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on , load Io 1ntoziiptc1 at a rciaoto and 'A of on 
a.o. trans lsolon line, it iQ seen that v,ltcgo riaco 
at tho GA Dt3rQ' Ar teminalo, ' £ couOeø of olta ri 
at the Conan ator tertiinola on remote load thorruption 
have boon dicouaa a. The literature avo.i3.able at this 
.tare hao 'boon ajpendod briefly. The reotifiora an  
invortero control has boon &tceuosod in brief. The 
Inductive oortioa A , H.V.D *C. link have be brought 
outs. The offeot of n L.V.D.C. link on nupwoiaton of 
voltage rioo at the Ce o ator to iie3.e on rate lo^ 
interruption iico boon o3tobllohed, The percentage error 
hao . eo been obtathed brtieen the o+u„ta rkcd out by 
ouloulat on and ozittininottool obtoino one. The motbods 
of cipproBQion o. voltage rioc at the neratoz' terminals 
on remote 1Q^I intorruption have boon diceuao . The author 
hoc lco aiceuri a the rcotieol available txr roaultvon 
the cuppraaaion of voltage rifle at the on orator tern 	.5 
on remote load tnternrstion tiith the application oo H.i.D.O 
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ZT2RODtrnIW 

Mon tho racolvina onti o' a long 3i tca c.o,, 
trcdiion i3no Is opmod bmcaio o1 o bui br fuit, 
Poti ofct cmd opoedinoretico oZ tho Concrator root 

 an =traordln=7 rim of Conotor tomtna, ltaa. 

Tho dyncn.to ovor voltages i4i.t.oh occur on opminj 
tho r000ivig and circuit bra&mr can be qaito . hlgb on tho 
generator 1orvina1a ca the line chcrging U.VA* io of tho 

aie order as tho generator fl.V.A. Thuot  the cruteti ovo.' 

voltages ore quite bih for wwraoeoondo aftor the load  
rojcction, and over volt.e at this tip ray &tor!1ino oystm 
inculation rouireotc3, 

Mon over speed oocóc, as a roult o U 
rojootion, tho opood governor onto to deco the gate lIzearly  

in noorly 5 a000nds aftor I second t1mo doay, So there is 
abnomol volta. rim at the G= orator toiine3M during I ooc4 

In oror to prevorrub  this abnoriui voltog3 rico, a 
e=t rootor bsn1 i:iQt be incited botucon the traicd scion 
line cd Cround, If c.e1 oyotai  in coupled vrltb a d.c. ayüct 
tho ctttount 02 tho abovemouton 	i'mt roactor McW be reduced 
(po coibly o sr*) 



ornuia xi 

BRIT? II1.RQDUCZOT QI LV.D.o. 92Dt18 

.`i BASIC Z EORY ID MIS'` DBRIIO1 OF Tflt OP1R l I 
OF REC3iViM itrn IU1ThRTEI: 

The nain oecontial ogu1prnont, reoponoible to 
oontrib to a B.V.D.O. ayotom o o oonvortem at both tbo  
s nr a of the d. c. line and thor as aoai atod control, aran 
s nts*  converter br 	erroro and atnoot1thg re Lard. The 

of ing Towtoro at tho tty on4e are uc d to lit the 
rate of rise of curt aid to reduce the rrpploa in the 
d.c. output. 

The universally accepted three phase brido comet--
tion rnoin as Graotz aomi.eotion,, v1Aioh provides the boat 
utii a'tion of thO tranafor in ucod overt' v io 'o. The 

baoio bridge configuration for the oporation of rectifier 
and invortor are aho zn 	Pic .1(t) ona P , 2.2(A) roopoo- 

. ly. Via 2.1.(T3) and ig.2.2() showss the cUlogrema of 
the output voltage for rectifier and invortor rOop3CtiVOly. 

• In rectifier the value conduction can be doiayod or 
cicooloro,tod by controlling the Grid operation« The relation 
of reotifior for dolay a. o a io civon(G)  by, 

'a 	] Coo a 	 (2.1) 
1* 

Mora 'd  io d.c . outj t voltage  and :3 is r.m.r value of 
a.o volto. ,,o bot oon tun p aeon. 
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tlhon one value rxtopo conducting, the eiu mt d000 
not .malic oly decline to oro, but it t ,,os a finite 
time corroopondinc to an anjla 'u' olootrical 4oroo, 
to aorta to Zoro, duo to rho roactrCa of ac dam. 
S5n..arl3r the currait door not attain I d(ireot Currant) 

vLuo : oa1atoiy in the mooning valve ran it is rondo 
oonduotinj4 Ao obot n in P2.1(D) and dig» 2.2(() A the 
period 'u° is boni ao over lap onlo. shore to alto a 
reduction of diroot volta due to the ovc .ap as to. 
2here2ozo not output voltage can be cprocd in r rho» 
meioal tormoacfo aua: 

Coo a o 0o5~'~ 
' 	- 	 (2.2) 

2 

D 	 Ml  
fez 

Hoc L to tindutctoo of tranoozier trindin . 
`c cation 2,2 ftuo that by increaWxa m d.o. average voltage  
(000 on doareaoinjQ peaces through me o # and 	c oqjaol or 
cooed 900, rho avc a vol age bocomoo ncgattvo. l'ou U an 
c o not do voltage foreo c the cuvront In the direction, 
in vioh the valve conduoto arjainot the negative volt' o 
the fl  ring ; anglo to 1oun ao 'angle off" advance firing'  and 
to given by, 

I t to iltori4mt to note that cux ant it 01211 floti5,ng 
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In they same direction fo *4 as the rectiiier Voltage 6 
During inverter operation it isImportant to nate that 
Ooiu*a$ion is to coiploted before the point 'C' In 
Fig 2.2(B). In At Commutation =u et be oom ,.eted with 
certain ezt,fnetion angle., "fie, before voltege ero. The 
angle; enable the valve to delonise, other-wise a ae 
valve will conduct again and take current from next valve. 
It 19 therefore, very important to giVe the invItOD eufi`i. 
cient angle of advance p a T~+ u. 'Therefore delay angle 
contra, is an e8efltial feature for an inverter operation. 

Since the tuvurter i s merelr a rectifier with delay 
angle a greater than 900, the se equation lea.2.3 and 2.4 
will holdgood for inverter operation also. The inverter 
equation are u,ceaed ftteznof advance firing angle p and 
extinction angle T,. The cpreeion for direct volts and 
cur-rent 

G~p + coo 
'a *0LY i 	J 

id 	(Co0 Yo - coo ) 	 (2.6) 

2.2 CONTROL of RLCTIPI1 RS AND I M RS 

The theory of the ooxwerter operation ahowo that 
direct voltage and Current are :unction of a and u for 
rectifiers and p , u, and T for inverters. By varying their 

quantities in a suitable way, the converters can be given 
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iny desired characteristic over its range of operation. 
The aeleetion of the converter characteristics therefore 
shoi1d be such as to meet the c is ent of regulation 
and protection. 

/ 	 The trend in CO. tratates.ton is that per 
tan ieeiOn ie controlled by the rectititwo and it le 
Important to seaside ^ he operation of the valves strictly 
with in their current rating,, since there is substantial. 
risk of dariage in eco of current ezoceds the rated value. 
This reemited in the incorporation of constant current 
coat l (C .C. Control) in the rectifier aide. In case the 
current rises above the parttcujarparticular sett:, the constant 
current control 1imrndiatoly increase the delay an a a, 
there by reduces the output volt , consequently the 
current is brought to the - set valve. In addition to the 
constant cent control rectifier is provided with auto- 
vatic tap ehgor. On the other hand safety of operation 
has to be kept in view, in cam of Inverter operation. To 
guard the safety, the invrtero are provided with a control 
such that the firing angle is iways  in ptini value to 
enoble the grid attaining Its detonisation state and to have 
the reactive power eansunption with in 1. it. 

2.} APPLICATIONs' OP ff.Y.D, C , SE M: 
Since the major super thermal stations 411 be 

located near to the pitch heads, a problem of 'ping out 



the bulk power' fror the super thexal tat one Into the 
national grid to o)iar terietio of the elxth plan power 
network configratfons. 

Hencc one of the poaeible applications vuld be 
cony sting the large izipor thertwa station of more than  
l000e 1900 LW. to a convonient point of the national grid. 
This does not preclude the ri t t l necessity of inter.. 
connection of the supper that , station into a ring of 
trunk lines congut . the other large thermal stations in 
the coal belt areas. alternatively, suer thermal station 
located on the periphory_ o the coal bolt regions could 
be connected by on fl.V.D.0 « line to lo . centre tbrot 
a point to point power transfer of bulk power. It is 
obvious this proposition  u: prove o ►mical solution in 
comparison to L,.B.V. A.0. only if longer distances are 
involved, An example of this could be interconnection of 
Chandra uri»juz,er super thermal stations to locd centre* 
near Bombay- Poona area* This link -could be in parallel 
to 400 YZ.V. A.0, Kora&td4Calwa transmission and may serve 
as a stabilising ivaaaaro for bulk power Iran ,aBion, in the 
area. Another exupia would be connection of the eastern 
periphery of the coalbelt to the Calcutta load centre. 

the Major hydra resources are located in the northern 
flimalayan region. Power from these hydra  s.te r.» with potential 
u ato 1000 LL.V. stations say be ftd into the national grid 
by means of L.P.D.C. aim e. Distetoe inrolvec1 would be of the 
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order of 200350 lcma in ioh oases. 

I.ntercormection botwoen Qrido4T .tonal. Level : 
At preoit there is a plan to connect the regional 

power syeterne into National grid. The regional grida 
themaelveo would develop' into major system In the next  

fifteen years and the pattern of ormation of + ioh systems 
may have to be reconsidered. It is common eporience that 
the operation of each interconnected syattmo posesproblems 
froti the point of view. 

(a) StaabUity of ostori 
(b) ort omit levels going too high 
(a) Control of frequency 
(4) Generator teriiinctl volteo rise on remote load 

tee ion. 

Improvement of System Stab .litys 
The transient stability of an a.o and 8 c eyetem 

is much bettor than that of on ale system only end 
the trO2iOi€21t stabity can be Improved ti th stability 
limits increased by o "oottr a control of the current. 
in the d.cs Wstem or by a damping method in which surplus 

power is 6.1 osipated . through a high ro sistanee connected in 

parallel with . the a.a lines, 

According to control methods, the power flow of d.4 
system can be controlled by ihioh &tottrbonce in a paralleling  
a.0 ,aster may be removed with out delay, It the d.0 power is 
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rapidly inc oaaed in case o f` t1 a.a system taultey the 
transient stability is improved. 

Limiting of Short circuit Levels:  
The art oirouit currents in any developing power 

system, increase fart with the addition to - the directly 
connected generators and the number of system inter-
connections. ectians. The increase cart be jested either by 
choosing and ape 	sing a higher voltage not work or 
oeggating the ayetcms after particular limit such as 
30 to 40 K,•Lia reached. The spUting or segregation of 
regional ,rids could be achieved by means of short d.a. 
link serves as aaynchronoust ice, v&iab veld  in turn 
limit the start circuit cents. The R and D effort  
required for higher fault level with eta z d apparatus would 
still take a long time in India. 

Aonoiwonou3 ties for Prequoncy Controls 
The d.e asynchronouss link between rvgonol grids 

may serve to contain frequency fluottationa crtd dietur-

bances to that particular syate~n alone. Those link would 
not allow a chain reaction at frequency collapse and avoid 
the anowballing effect of each an eventuality ity leading to 
major system dyer. Frequency control in Indian systems 
at present in not very satisfactory, Zntrodtction of larger 
steam Bets would impose further restrictions w.dfrequenoy 
dips common at present may not be tolerated by the system. 



ppreaoion of gyrator . ¶orninals Voltage Rine on 
Remote load nterruptiaris 

When the rceiving and of a long distance  atirnoe a, c. 
tr nadasion line io opened because. of any fault, the 

charging rapacity of line rents in a voltage rise at 
the generator terminals. In order to prevent t voltage  
rise, a ant resotor bank might be installed between 
transmission line and around. It a.o system in coupled 
with a Co. system, the mount of thiso shunt reactor may 
be reduced to zero. This dissertation work Investigates 
the suppressing effect of + .c atstem on the onerator 
terminal voltage rise at the time of remote load interruption. 

C 
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C1!AP1IR Ux 

VOLTt on RIM 	= a~AToR 	iimtt s OJT R i•3 
LOAD I '2flRRUPTIOIi 

3.1 	VOLE flZSI) DUE TO ECRILI1I 	O 

in a IO1; tr . aGf Inoq O fOl 01--j ouitQd or VOZ7 

].,1 t g 1oat1cdo tho chrtng au ant ;1m dUO to the 
ehez a eraaoitr of line. Deeauc3e of thia Ou roast flot, 
a .r&CQ of e0: re OCcure at the onoatoz te;njnale with 

2e3poct to I ornel vOltcko of the nara er which in kop 
con€ tart. 

T44e eaWre rioo is duel to the o.i.f. ocroco tho 
induotzmoo of onarator t indin. Thuo both oap*itarteo and 
induotanc ore meescery to jxro&co this effect. 

In order to deterntno the r ~itude(10) of poaure 
ride one half' of oapaeitance id l be ammod to to concon  
tratod at th • rc oejvjn enti end one half at the (oforator 

to Inc.. Zn Pig.3.j I c otintÔ rc o .inj and volt a o 
ro arOcontod by OIt,, rrila OD aikifl 900 ahead of OR, is 
ahc.rin current eon on by charging rcatanoo of a.0 lino. 
I hen load ie diaconneotod, OD lo tot 3. o ront at generator 

torrthal, The voltage eeattnnod by the rouistcuico of each 
conductor in RC drat * ir. phase 'tith OD and volt ago cent td 
by the ro^ .Banco of each conductor is OS x iIras 9e ahead of 
O. hug voltage at tho aerator torninnI is O. Val-tao 



cancriaa by the oactcinea of the , neratoD uindinrj i 
&.~ r by SG in phaao tuith 08.. Thw3 the inducad voltcjo  
og the Cenara'tor in OGp trhioh le aalier than tho ,janorctor 

tarintl volt 	B $ «o. OS in dia ' t, 

The volt& ciao c t the anerator vomtnaL on rata 
lozd interruption may be ahorn mcttbaznatioally lco. 

Conaiaor a long line of diktah, a is the canoe 

c3. ca o element of line per unit lonth and y is the 

ht c.tbitauco par unit 1o2vjh, Then volt ace e op o ealon 
for lon line ara(I I ) 

v~ 	a Cos %I + In e Siri l 	 (3.1) 

	

XR cosh Xi. + - Sinh Xl 	(3.2) 

flare V3 La carding and volto, thLcb is alco 
narato ? torninei vo tae. jG La the aandino and cent, 

Ir and V'~ =a the rraaoiv5 end current amd vole roap3o-
tivsly. 

flora So YW coiled cbna 4oriatie ii d ae of  line 

yi , called propoation conotant 

Por iilort1od Line. 

In 'O 

vs V Coah Xi 	 (3.4) 



V 
(3.5) 

V 
or I  text.  (3.6) 

Here a load on the line is zero, Ourrent supplied 
to line is nothing but only the charging current of line, 

so we may put  

Then equation (3.6) become 

Bttan1i 	
(3.7) 

This current aplitc up into two oorixnont, one in 
paaa, and, one in quardat€x°e with respect to terminal 
voltage E,ta 

testa 
Tho .~a~o component  of 1 	I = ice, [_ 	"~""'- 

(3.8) 

1. 
 

in toad for im inter in equation  ejuation 3.8. 

to 
Voltage risedue,,this culture Carnet of charging 

current at the generator terminals is, 

Xg.; 	 (3.9) 

In order to reduce this voltage at load interruption 
a shunt reactor is neeeeearr which draws legging current and 
compensates the leading qurc1atu component of I. 



Po r the n i s1isatian of the affect of this 
charging current, the lagging o rxce►t drawn by ehunt 
reactor Mould be equal to I1 _ » 3 I, q 

R tanh Xl4  
Thus 1 - - X, E 	 (3.10) 

Required shunt reactor 3 Z3 
	r' 

iii 

~rOl llir ~Yr 11~r 	01-i-- rtlr4lr~rlr~~l~r 

r•ii mL zJ 
(3 11) 

When load in interripte4, the accelerating power Pa 
inereaoea. Thio increase of accelerating power, inoreaeee 
the torg.ze angle 6 and speed v of the generator, that can 
bo awn by own g equation(2) 

Prom owing equation 

integrating this equation with reopeat to t, 

d6  I  
W 	f Fait + K, 

14 at 

+ K 
14 



When t o 0, w m aro •~ rated seod. 

Pt 
So  

M 
Pt 

Thus increase in speed = ( ►w ;) = -- 	 (3.13)  
K 

Here M is the inertia óonat4mt which is not strict] 
constant because speed w varies some what during the awings 
which toUovn the disturbance. In iu actical cases, however, 
the chime in speed w before yncbr?onisn is , tout is so gnall 
in e+omparison to the norms std y,, that very little error 
is introduood by the ac mption that M is constant. 1enoe, it 
is oustomsxr in solving the suing equation regard M as  constant 
and equal to . LW0, the value of nguler moment at the normal 
wed. This value of?! in 'mown as the Inertia constant of 
machine, 

Nov; change. or rice in voltage  is directly proportional 
to rise in lea. I f ins ri 	volts duo to rise of 
speed thou, 

M 

V0 

P.a.t 
0 	 (3.15) 

4. 

Here So is generated voltage at rated Frei of the 
generator. 



If In a circuit consisting a ccandeno (of eapaci-
tanos C far ) I. series with an nthtotrnoe rid resistance 
(of value ► henories and it Ohms respectively), there 
Impressed an alternates voltage of 3 volts, then current  
in that circuit is given(10)by, 

Here w c 	` at • frequency 

The conductive reactance i/ thus to neutraliae 
the inductive reactance vi, Complete neutraUsation is 
obti.ned when i/rte = i4, ar4 co .ttton is called electrical 
resonance. The current then becoiro equal to E/It an-1 is in 
phase with the impressed voltage, hence, rx far as gurrent 
is concerned, the circuit te equivalent to a Edmple reatetsioe 
only. 

Prom a o$ha point of iaw however as regard to the 
voltage distribution in the circuit the resonating circuit 
is by no means equivalent to simple circuit of re 	tie R a 
For while in the latter the potential difference between only 
two points can never exceed the vaue of Impressed voltage, 
in the re sonat it circuit, potential tiference occur hioh 
may be large mtzltples of the irnpieaaect voltage. 

In ooixerciel tranaitea en circuit the capacitance 



-16- 

i u!ua3.3,7 	man that resonance can not accui' at the 
fundarnenta1 B1P3 freenoy, but if the 	erat e.m. f. 
wave Is distorted, trouble zaay be exporienoed the to 
resonance of one of the highc heznonics. This is owing to 
the fact that with a conotmt inductance, the value of 
the oapccitsnce requixed to iroduoo reso oe Varies 
inversely as the square of f eque y. 
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CfA, R-IV 

n3 & 0flMUMIAL VOLI2AG flI StJPPBDXX1G OPR- 

	

Z1S OP JT AlA,C, tTtT2 	l .MTD A D.C. L:U, 

4.1 W7, 00 T OF A.C. 1f' Ri / T0R 
tflion iniiotiuo cnmt roQtor in oomectod aaroo8 

an a.o. lino, It taken i 3nc cent frott tho a.* syotcza, 
thich io uc .. for izreooion of voltato rise at the 
ccnorator toxin. on Ito load in'toz!z1ption. 

Lot 	is tote. + 	haa;n roactrrnCo of ra.o. lino 
c d XS to Ott rottor mooed to upproao tho gnorator 
tvxnj c1 volt o riao. UhonloadIC intorrxpted, the 
chQrin„ current X0. will flo t1roui the gonortor 
~ain&tng c duo to tbio the tniat be a voltae rise at 
tho aerator torxnin. But an ohunt roector is oleo present 
Ca iQ2Cifl Ian ; 	 current , drat 	tho hunt reactor ',}. elco 

.ou in tho ,enorator to cUnr ozi.1 this curront ,ill r'ocluoo 
the oLtcvo at the gonorntr t .nzL an civcm 'o:. It 
7 t2, to the gonorcttor tornino3. voltwo mar load intorrup-
tion, R. to iced, vo t e of norator, ond X is 
Conoratar t41inj re tote then, 

(4.2) 

T akSnC tho effects of those reactive coijonoat of 



aurrente, the generator teTminctl voltage Bt2 on remote 
load interruption nay be found out mathetnatioeUy se 
toUo $ 

IM01 a IRR2l + 

I' 1Et.~I + 

+Xi) gI 

()+  )iXg(  
.3X0 3X8 

X 

	

, IE,t21 I I - 	0 	(4.3) 

Xe reactive ,po r reajitred by hunt rotor 
fore 	-. s• 

Reactive power supplied by chanLng oapaotty 
of s.c. line. 

Prom etjuation 4.3 we get 

lB0 I 

Above relation thow that for a fixed ohargig 
CZpa+it)r of an s.0 line, as the amount of reactive power 
retuire4 by rnnt reactor inoreaces the voltage net at 
the generator terminals cteoreaea. 

4.2 	'SOT OP D.C. LINE. 
when z &.0 eyotem io coupled with d.c system as 

vrnin fig. 4, , the rectifier takes laggftg current from 
s.O system or it require reactiv ► power. Siuiianly the 
inverter in cat& either to takes lagging agent or to 

deliver leading current to the &.aerye . Thus inverter 



operation # co roquiro reactive power. The oiunt zo 3<, " oro 
and conve t<ro both draw iotn wont fron the a.c 
wont  c both arc dlot oii ' to each othor in + up avoing 
proportioa of voiteije rice at the generator torcilnala on 
rc oto locLL axr-toz'rupt.ion. Lot X1 io a.o aide oquiv .ca►t of 

. d and ro; ceconto the la,yiu *oiiponont of oqj.iivc1ont 
c3iittonoo of d.c ayctot. On reiato ioad intorz ion hon 
d.c oyctc in oou .oU uitb a.c ayotem, a roaotivo component 
o2 currant Idlo  lratm by d.c oy em iri .1 doe 	in the 
generator wl,nding. The rozctivo eozrtjonont of current will 
notri ,ioe the offoot of ohengintj wont. 

T 1tng the o ' t. of this oactivo cor none 
of current dram by d.c cyaten zd neglecting the affect 
of the tivo component of current ]r'axrn by d.c ayotom on 
volt 	rice at the . erator forma .ot  equation (4.4) 
beooroa, 

x 

X,O Roactiva pozor ro irod by d.c syetmt 
flora 

d 	floactivo 	r sp1ioa by chdrgtng  
reactance of a.c, line 

if I nt, l in volt ego at 	 erator toreiinal t hon 
generator to at ratod load and at thin time aerator 
terminal voltage is logo than induced ,ltage 1E01 duo to 



la4ging dent of load, 

IBI a i'0 

S 	a 3..65 p.0 a generator 'bass 

b,tit tin Valuein oquaton 4.5  

Intel 	..  
0.5 
3,65 

Table I shelvio the voltage at the aerator 
teminca after load interriipticni in times of voltage before 
load interruption vorua XOAO, ich is the ratio of 
reactive i'ower reqrcnt in d.c system to th reaotive 
power supplied by the charging oapaoity of a.c . line. 

Table 

°' 
1 1 L!tEt 

1 0 1.22 6. - 1.0 1.050 

2 0.2 1.180 7 1.2 1.030 

3 0.4 1,145 8 1.4 1*010 

4 0.6 1.115 9 1.6 0.980 

5 0.8 1.085 



s 

I 



The ?lot in Pie. 4,2 ah ' n3 th v .n the roc i~ro 
ro io font of d.V. ayoVc3 1no6Vc7soo, the gonorator  

tonjnolo volto o ciao on romo to load intorrupbion ro Ooo. 
?ig 6.4 o1io*io 	ool s alldblo rooulto of cr ►om oonoi 
dorod in Cha- c o. hio oleo ebotro thevoivat A .ma o: 
the ouora or tort anal on rG oto load intor,msion v rcttd 

ive ita,, o of reactive potion in D.0 . oytozi md cnmt 
reactor to a.o line chrrjin; capacity. 2ho loto of Pig.4.2 
and Fig 6.4 ore coinciding with oath other.  The error 
botuc n two i o under ozooptablo li it o. 1 S.c 4.3 ootm the 
p 

 
rcontago error bottmeon to voreu.o poroontago of roactivo 

potrcr in d.c ayatca to a.o line ozirging cavity. 

4.3 TO IIT AS 	i ~ 1# Ott R UICt OF 
D,C. SYifl: 

As dgcou rood in section 4.2 that SOT tlio 
O.pXr000iaf of volte o rise at tho gonorator terminals, 
the reactive por roqiirciont of c .c syotoi should be 

increased. ` ho reactive poaer rociuiromont of rectifier 

.noroac;io t4'hh the increase of viol ► angle o.. Thio can be 
ahem t wyh'3i.i*.,t c:ally as fol10 n3. 

The por factor for rectifier, 

Goo t Q (Coo 	4CoO tc +ul ) 	(4.6) 

Reactive pots roquionont of rootii'ior that is, 

Q V,1Q !Sin [0001po  Cg o 

(4.7) 



fih10 1 a rs 0 

= 2t-Z 	(I 	Coo u) 	 (4.8) 

lore uo is no Cation cmcla and Sa0 is do 
ova iiut voltcCo then Chore is no thLcty in firia,; i.a. a = 0 

Ihon a La ini uo 

(Coo a — Coo(u+a)) 	(4.9) 
~t7r 

Uhon ourront in d.c ling is kix oonTtant,froTa  
oc uation (4.8) r nd (4..9) to act 

Coo a .- Coc(a ) m I . Coo U0 

Co (a4u) = Coo o + Coo  

zbo itutjn Cho value oZ Coo( ) from oquation (4.10) 
in oqn. (4.') o one can ot  

ci Vdo Id in cos 1+(c0o 	f coa uo- 9 3~. 
2 

2a1 in Vdold = 0.2 p.0 on conerator brio 

u. = 15 D .catricai decree 

c 6 0,2 Sin ICOS~I(coo a a.OI74) 	(4.11) 

T ablo 2 chowe the variation of roaotivo pour 
roqufroiont of , re stifier vera c dolag ann.o a. The plot 
choun in Pia.4.4 ohotrs that os dolr y on lo a Ix!Oroaao the 
reactive pour rogquirol!lont alto increase upto rootifior 
operation. 
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Table 2 

S*I,TC? M a in Elect°  
Q,. 
In p.u. 

soil(. (x 
in Electo  

4 	.. in p.u. 

1 0 0.036790 10 45 0.144751 

2 5 0.040616 11 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 0.18 2804 

25 0.091336 15 70 0.1890 66 

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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11Ac1 a.o. o ratax3 to Coupled frith a d.c ayat= 
an ohot n in PIC. 4.1 6  the volts o ri co at the 	orator 
tormina10 on rcmoto ,oad interruption can be reduced by 
po'icr flow control of the d.c. ayototi. For pro7ontation 
o thi o OflODtOr t in . voltaco ri ca # the d.c oyc tom 
may bo controlled to abc ►rb as such conorator pozer out 
put as p000ib ,o . Vhon only the a.o ayotcri cz ioto, the 
Po anti oTfeot and the enorator torninol vo3.tco rioo 
ores provontod by Installation of rocctanoo XS  to cancel 
tho ahnrtini eapccity of a.o line X0. Ac chotln In Pia.5.1 
the d.c cyotem can be viotec1 fror the canorator as a oimnt 
load ,ith an ocjuivalEmt chi tanco Sn. Thus the oqui olont 
adnitinoo 	con yla r the sane role ao this X. In conrtract 
to the C tihich io oori ant reactance, the 'R can be varied 
€irbitro 1y by poier floi control of the do . oyot and 
flu © utilieo the advantai for the cupirocoion of the 
Cenorator torninal volts rips. Pig. .2 ohotim the model 
made up of an a.a and d.o trornriiocion syctein. AG dice oc I 
in Claaptor IV .  that by , noroaoinc; reactive Ivor roquira7ont 
of d.c oyotom, the voltage rice at the generator tior inolo 
can bo oupproocod,. 

ULtIII no iition delay, the rectangular uI oO of 
alto rating line current are  ooncon atoll on the half c no 
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wa roo of line to noutrel oltvo ao choi n in Ilia 5.3(a) 
and ^moo Amdt cent . u .no tic o of curront io in phaco zLth 

that volt o u17OZcflition delay a a" ft rr tho current mro 

and • o undczzioncl Component  eornonont by c{ao # 	, at dhovin in 

Dig 5.3(b),(c)*(d),(o) and (f). pia the conirortor. rootifier 
or invor or both draws roaettvo 	'on the a.o 
qj cr~.c:3. hia can be c ovm ion vector diacm In 1'ic.5.4, 

TIao'o a e tx othddo the uao of ti ich can cu occ the 

'off ta,' o rice , at tim Concmtor torxirjalc on rar oto to 
orruption. 

5.9 	C0ifi 	2 D.0 . COflflOLT ' 4D 
W ei power Lou of the d.c in o4,a oomis 

in normal direct .on as chowrz. in Pic. 4.9, a rice In 	onorator 
tormiinàlo Voltage canoe an increase of d.c current I. for 
tho wcured current  in the rcótifitom' is creator than the 
cot Cur'r'ent I. ho equivalent circuit of d.c oyatoi t is 
ctn In Pia. .5. flora 'V;~0 , Lo rectifier output in idOal 
condition tLien s and u both are core • Prori equivalent oixouit(3 

lTd j V401.  Co o a -- &V 	 (5,1) 
Hero 0, 

Vd, a 4.C. output voltatjo of rectifier in izosonoo of 
7i4 control and apweciable trindinc reactance 

o2 trtrnoforxor. 

Vd0,rs d.c. out rut volta o of rectifier then ro naformor 
t4 ft n eactanco is sore and no Grid control. 
relti&o drop duo to oomnutation. 

Jo  
IT{?!1P T.P'~ 'JY UtI!YERSIlY OF RQO5" 



Du $i ter commutation joc000 too t a p!mc3a 

o- a.O 'rmaormor boconoo c or eizcuitcd and duo to t io 
£ioe; of citort of rouit ou ont 'is' thoro to a drop in out-
pal; voltago. iTo1cotinC tho moist, too of tho tranoforzor 

ond are crop, ui,toh i a vo y cio11 ao compo od to 
.a?o in uuotomco z o.'occb n?aroo or tnooriior ca .niui o 

cot„ 
di s 

L-.w...-- tP T2 B $in tit 	 (9.2) 
at 

Into ati both oicoo of oqu stion 5.2 

Coo ut 

Uhonw 	,is a0 

So 
D C0 o 

Z2 

btitutin.; do vnluo o f K in niiation (5.3)  

co 	d 	on - Cao(r u) 	 (5«5) 

From '9.( 2.1(D) vo ocr rind out O 4 frot u .+ 
+u 

tr 	r~ f i L OL^I c aut.. 
a 

0 



- l [Coo a .. Coc( 1)j 	
(5.6) 

CO o art text 

• (5.1) 

Fro Lquation (5.1), (5.6) wxd (5,7),  ono can cot 

Vctr2
Vor   [Coo a 4 coo (+U) 	 (5.8) 

P'.otor CoQcjL COJ) in ocUod poorer f€ for 
of rootifier,Not: art equation (5.5) Md 

(5.9) 

T1mo Lcto drop in oportionei to i3O and tho 
e foot of comurtction appooro as a rr otot oc of doe cido 
equal to i / t hich rooulto in a voltczro drop of 2  . Id 
in d.c Oi o ou p t vo .uaco.  An 3/ is conowont, co may be 
ro lacod by 10  the coxuntation rooiotrnco. o J tin 

in Dq tion (5.1) vo cot 

1000 , - flcjjIa 	 (5.10) 

Similarlyilarly for tao nano of invortor oldo In tho 
equivalent eircuitp o 1oun in is-.5.5 pro ot 

'd2  'm Vdo2  Coo r . 'd 2 



flare Vd2 = d.o. side voltage of inverter in z,oseneo of 
Grid control and appreciable riinding reactance 
of tro sforriior. 

Vd, = d..o side voltage of inverter iihon no grid control 
and +c .ndin;; rooctanco of transformer is zero 

Be. 	Cornutation resistance of inverter 

If 	is the d.c resistance of d.c link then 

'd2 # Rlld 	 (5.11) 

or t do1Goo a -C ,j14 Vdo2 °o p + 1d2 + aII'c 

Vo 
Cd

1Co 0 a VdO2CO
(5.12) 

The variation of current in d.c. syotcvi will 
follo the above relation given in equation (5.12), Now as 
discussed before, when Generator torrainab a vintage rises, 
it 'jill increase the output voita of rectifier and current 

ld willl increase aoordinly. IJot, for constant current control 
the value of doe o suet decrease to atntain ld constant. Por 

thie,delay angle a must be increased in ordor to decrease 
coo cc and thus there gill be a decrease in the internal 
voltage of rectifier ~'de„ Coo a. 

Thus it is clear that for mai taint g agent 
is constant at the time of tore voltage rise, the delay 

angle a han to be Increased. As control angle a increases, 
the reactive poa er ro 1 it ant of d.c syster increases because 



of nocowi1 1 of koopin Id constc t. So conotcit d.o. 

con~zol wctho& is effective for the aup cession of the 

Goa  tor to uinals volt ,,►o rice by inorcaoin; the reactive  
power roc iro ont of d.0.systom, Gonttant d,c.control tuothod 
involves the fo lotdn,; 

(a) i;c,asuremcnt of current 1d It 
(b) Comporic on of Id crtth the at valve IdS and amplifi--

cation of the difference error ('d7 2d) s called error. 
(a) Application of tt the output sisal of the orip.ifior to c. 

phase shift circuit that alters the iC ition angle 
of the valve. 

(a) Moa€ emont of Current 
A direct currant, in a circuit isolated from the 

main circuit ern be obtainod, of i .h is proportional  to but 
3000 t an the direct current in the main circuit, by moans 
c.L a d.o. tr aforsor. this Lovicc consists of to o saturable 
roactor c - (tra ncduc for c) , each having tro tiinclinga, an a.o 
cup l7 usually Tod 'throuih a l , stop-dot, t ` ofor!c , 
and a rectifier ampleying several s a l &toaesJ3). 

9hho reactor core have a soap saturation point and 
a very bocw I".f?.P. "m for saturation tion (Pi .5.G). One winding 
(the primary one) dies the direct current Zd to be 
measured . If this current is groat I the pririciry t1nding is 

not roally a t.4ndin;; but merely a o alcg i t bar or cable passing  
through tho cantor of the tiro 1ott o." the core- an orran; o ont 
cos my used also in ate, current tz,anoforsorn for high 
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pr± ap curronto. Such a ?unary io conaidorod to have 
one turn. he ocoiic1cry trLndjvi hao nc ny turnm, Std the 
current ratio is invorøoly an the turner ratio. The eoondcry 
tr2 in;; 

 
are c- cited by alternating current. 

in common orti of d.c • currant transformer the 
to cocondary trindin o are corn: ctcd in canoe opposition 

.d are in ocriec with the ct.c . co cc and a Lull travo 
rectifier. (Pik.5,7) . The pw try current id  ortc a 

Ii i that, in the abccnec of a eccondary 
currant, driven the once of both reactare L'ar into 
saturation, produoinC;  . = 0 and .1J. 1 re eccnted by 
point P in 	The cocon& ry current 1. has a 
TI.11,E . . s  113  X s. that ie added to FP  in recotor A and 
eubrractod from it in reactor 13. i ue the total fl$T.Pa  are 

Pp, t S̀  = 7 1 + 1143  

1d  

The jiothta on the r1ietitaton curve reprocentini-
thacc condition, arc .tray a oquidictant horiontal1y froti 
P, ao, for oarnplo, are ti and 11. Pointe 31 and TI are for a 
very mciii 00c0A ry current., and both reactor care arc 
etil]. caturatod. , lar or nocondory currant, drives thoeo 
poinwto farther apart (Point Q or S and it) , cancin ; reactor 

to bccorno unoaturatod. 

The flux $ in Qaci reactor core in ordinate of 
the roapcctivo point on the ma ctication curve. Is both 
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roaotora are saturated, the f uxoo in both Cores are 

Wit?st equal. If one is sa` uratod =4 the other unsaturated 

(point R and 3)„ the fluxes are unequal.. 

The relation botweon the so luxec and the 
apm]iod alternating voltwjo o trifl now be developed. If 
the resistance of the seconder circuit, includintj secondary 
vrindina of transformer and reactors* rectifier, and load, 

io roliCibla, the applied voltao is conciuraod in the 
inductive drop tae 

 
oil 

 Bch is in the tax reactors. 

dcl 	aØ rr 	ti( - 	~ 	) 
dt 	fit at 

The notivo sian arises fron the opo site 
connection of the to secondary rr. ndin s. The time integral 
of this volts is 

it is. the difference of secondary flux link€ o 
of to reactors. If the into at ion bo aina when .13 ft 0 and 
if both reactors are alike, as aocunod, the constants of 
intOp?at 	for both cores are equal and disappear in the 
difference. Suppose that the volt.aco of a.o ice is 
sinusoidal 

Then the flux Iinkac e of the eocondary circuit 
is like wino sinusoidal ond lace 9Q° behind the voltage 
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(Ij 5.i3(a)) booau 

4 f t, mssrTØ 1 o at 	Sin Vr%  

At every ino t t the not = link o of two 
roactoro vmat conform to the value on this olno ourva. 
T1ho oroot value 	of she a lied vltee nuot bo ch000n, 

co that the +root value of the f2u,t link. 	I, jtr i o Como 
rthct loco than the boiaht of. the h.VUoro.oio loop, T. 

it i p000iblo for the tu roactoro to be oo. tratoa in 
o po oito directions. 'kith no grim ry current, both arc 
nuov: ura off. throwjh throw 	 out tho cycle. TIM rinzuy curront 
halving; I1. !.P mroator than F, one reactor or the other lie 
vn uuratod during moot of tho cycle (poiuto R and S) • Only 
for short time interval a noa the coroo of the fl -1 I o 
crzvo(noox orerito or vol2eyo of the .voltn v vo) ore both 
roactoro tmturatod (point TI and U) . nonce during most of 
the oyola the 11,U,P. M  of the cacondary current 13  Ia 
very nearly equal to the ` of the primary curront Igo  
d.tffor6 -' ; by t Pte, Cloponding on uhothar 0 ( is inereao.tng 
or dooroaaj ;. mile 1$1 Is naroaain;; the operating point 
o: one reactor 3a noving dornuard on the loft hand branch 
of the ma otiontion ourva and P M V , + Pte, tai ,o 101  Is 
decroaaing, the operating point is moving upu rd on the 
ri 	t-h and branch of the curve and P3  Rte. I its 
vory call , this difference is unimportant, and, in any event 
the avorcyo of th000 tI quantities is the desired value P.P. 

?ho uavo oha of the secondary aunt is  is 



o m in i?iiro 5.8(b). is current Xa rectified to fort 
he output our"ra it i . cthotsn in ' .5 .G(C). m'24 output 

cur out edthf 3r £ollotro the r1c ni 4udo of fm 	or 
itiput current oopt to thor features, 

I. Uarro notches In mall tine Interval than both 
rectors ore un o mrata I . 

2. Difforonoos of +I oeouriurj before cud -lM after a 
stop at Crete vo uo of lyi3I (Herod of o), Im being 
tho 	otiing currant corresponding to P.. 

The notches are the c~iiof sourco of error, for 
2~ is very tno1l if auitable itcriaLic used in the cores. 
The notches are unr esirablo in a ) .cationa in which the 

output aignol rest operate fast-acting d vIcoa. 

¶o notches can be obviated by the use of t 
car three devices like that described supplied tiith oltor- 

nc.tinj voltoo fron different phases of a polipbaco source 
and rith their output torcninc. o par .lolod. The final output 
current is at every instant equal to that of the unit haves 
the roatoot dent, 

(b) Cot po i.cn of l4 uith the cat value Id j end miplification 
of difference orwvr: 

Diock diagrrm Xe 1hom in 'i , .9. she actual value 
Of s 3,a compared with sot value of current X. he difference  
or to is anplifica only trhon I is eater than Ids¢ cud 
cnpli `led output is a .d asV., in propoced schono of Pig.5. 14 . 
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I'hhon I jS in , Qator than I d the ciLif or Cutest to 
CZ pod to ro by dioao 

(o) Application of tho output oicn l of the =plif er to a 
Pha(30 uhift circuit that e3.t@re the i ition zm to 'a' 
Of the valve: 

The 4rt trim fo oao rectifier operation is that 
dola 	10 or Mien ctnc2.o mu . be 1. ,-o orou . are that 
;: ,a ie ,r outer than c C (minim value of a required), to 
o c ure the reliable fir ms of she valve. The eoiutatij  

volta o for value 3 In Pi 2.1(a) iax the von. tae bot ioc n. 
haze R end Y and ahom coparatoly in Z'i . 5.1O(a) . ho 

control circuit Ie eo dooiiod tlmt a +uld 'fie a tleast ao . 
3ho equation e2 conutatini voltage of wave 3, `s:akinc 0 
ae reforemoo point, in V7 Sin r . To ,trot the point at 
thioh firms obould Ertartwith ela of relay . , the 
fo to tin; equation ebeuld be catia od, 

IM ~. sin %4 ~I j 	"an Cfc = 0 

'be Instant at vA ch the o etion is aatisfiod to 

the required ,5. «.n j point ♦ Ubon roctif er in on con ant 
event control, a further oinal. V.,, is c1x, added to thie 
and not; the eimulatod equationo, 

. D Sin xrt -'r E Sin ac -~ v'Cc = 0 

VAC Io obtained from COOPOrLDIOn circuit ohom In 
Pie. 3.9 and equal to A(Id W& I), uhcre A to tiiplificatIOfl fao toz 

IZ%on 	to ocro I .e. rioaaaro value is equal to cot 



aluo, the dot r on .o or iiition dngle id aC. The offoot 
of a d ~-O'C to q ,ocrn in FS..Caro 5.10(c) . 'ho Greater the 
ncn4tudo of o .{ a1 i3reator will be the aurlo o f dot y and 
i ' C;C iø largo cnouh, a t4U lnoroaoeEL to 900. Thorn to 
on obviouo riot to is 	+V too lame so that uruiation 
of no1 nevor Co to positive. Th.tc in taken Caro of by adding 
a pooitive iapuloo of a port duration to nutmiing Junction. 

The amplitude of thin puloo to large enough to ensure that 
vatiation signal aQo pooitivo at least for the ration of 
thie puts. 

Praetioal I ran '! „env: 

A block, diagrart off` the raOtiC33.. c ran crnont la 
" com invia 5.11. Tho commutating voltage i' 13 $in cry, 

o . all l Sin cCP the current control + .gno1-VCC and a pa  positive 
.se are fed into the unmiing junction and tho ration 

ai o]. is Zed into the betel dotootor A, tideh aotooto the 
inctont t en the sitmation signal pao3oa through zero, while 
goinij pordtivo, she triter 2rozi the level doteotor is used 
ao she owing; point of valve Wise. The signal VCC I o 
obtained for constant current control from block diagram 

sole in Pig.5.9.: 

5„ 2 COIITROL IV 0) TO Rr-,MV, r E POUR 	.DIIWCTIOI1 
III D.C. S!s 3r•1; 

In Milo method the dentition of poxrar lo- i of d.c. 
cystom in ch d at the time of remote load into: ration, 
that i©, normal diroetion(right to loft) in Pig.5.2 • Initially 
direction of d.c. potror foci to po nitro D that is left to 



2iht it Vic 5.2. Xi taco of d.c 	right 
to lo rw ?~ c P' 1)4 C, 3 Qa t fi %. Rare :P artd q~ c w ► 
ca ;ivo and racctiva yov*r cupliod by tho onoator PL 
end 	are c tivo cm4 rear ive ',or roquirad by 3 .no and 

Od are active eM reactive iOi0Z raquirod by 4.o. 
aya-wc21 reaeoiv1y. tlhen 4.a or floi foti loft to riGt 

Co t,ion ,cn orator i s at f n 

load it c ppIloa active po ,r oqza3. to P. Pa and reactive 

POT= ( 	Q. Now on rata load intorruption, PL bao©inoa 
toga end — 1~ chna a to *P, by 'off' nio1 of circuit brosiror. 
Co enorator output is takon by 4.0. system, only. Ao a pdrt 
of input o rar , o f narator is tarn by d.e . syotom than 
a000loratinij potior o orator c ooreaaas and so rate of 
armed inorea ro of Generator docrocaa and because of this the 
voltatje rise at the Generator toreinczl rill daareaso . The 
reactive powerr euppliod by the ocrinr capacity of line is 

:sin takan by 4, yatar ror tivo po ier r quir ont • When 
the powor floi of d,0.. DyQtOfl is in opposite dircction(rofcr 
Pia..6.6) convertor I acts as rantifiar uith no wont control, 
tUi;1a convertor 11 as xwortor iith cozatc t currant. control. 
At the time of load interruption the direction of pow= flora 
of tho do øy tot is revve=d by the 'off'  ai al of the 
circuit brokor, that is normal direction.. In crown' position 
convertor 11 acts as a rectifier t4th con mt control r h .1a 
convozar I as an invor-tar uitli no OUr3Xnt control. 

;i'P7 7r-•"• • 1~'I'fER rr1' OF 
	r.,, 
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Pi ro 5.2 f luatratoo the c pc rirncrnt . modol 
rir o up of an €a.o and d.o artificial tr uu n .anion oyd  
^ho zoc to, thct ou1d bo diLCu13cOd horoD € r obtained froii  

•4a'zo Covo Sri 	. node?. 2ho Conor'otor in find 22OVolt 
anti 22.5 II.V. ►. Tho 1mpodcteo o tho Z0 ,. the oharing cap  

c? -4y of line, in tooted oyotori is 3.GBp.0 on generator 'taco. 

The diroction of d.o power flow in the tooted 
oyoton0 froQ right to lc (< -3 is cc3Uei normal direction 
of oxor flow an . fro . left to riht( 	) .+ caned opposito 
&trcotion of o r.. 

6.1 IRMO TOIXR ,Q t OP d.c S ( UU 117 TIM IIORThIL DIRE Its 
Pig. 6.1 o ovn the o coiU3.o 	of the generator 

to inal vo1 sego ..ciao on remote load intorruiYtion is the 
r .o oyotcxzthou 4.o lin3 in Vic 5.2 io crnding ror in pooi- 
tivo or no o3. direction, At tho t ao of load intorrtiption 
vol,*Za~o ricoo due to Pcrremti effect. After load interruption ion 
tho ct000loration power oleo inn aeon and t .c opood of the 
c ttor r1c3 o. B aauoo this oyod inoroaoo, th3 induced 
voltage o:1 the generator starts inoroaoing and speed inoroaoo 
of tho .. c afioz inoroacos tho .tc inol o volt co o am of o in 

)$I• 

Thom are cone faotorn that controls the voltage 
rice at do cono fior umin .o. ¶i I y : o ho reactive pore= 
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requirement of d.co system and shunt reactors. As soon as 
voltage at the , ,gyrator terminals starts rising, the current 
in d.c p link increases imd so active and reactive power 
requirements of d.ca system rise at the came moment. lie 
current in d.0 . 'system increases, this increase a the 
control angle a of the rectifier according  coording to constant 
current control. Due to Increase of.  control angle r the 
reactive powerr rOajZirement of d.ao eye increases further 
more and motive, power requirement  reduces. The reactive  
power requireiont cheracteristic of d.c. systen is like a 
shunt reactor and thin, reduces the effect of voltage rise 
due to Perrantj effect. 

i re 6.2 shown the oociUoarnn for the case 
ire d.c system is abr ant but wit reactor ie Installedd 
in ! a.c system, The generator is without A.V.R. and capacity 
of shunt reactor is 73.8 percent of chergng capaoty of 
a.o line. The generator terminal voltage rice is 1.14 times 
on rite hoed interruption. This voltage further increases 

e to speed increase of the generator. The ant reactor 
connected  here draws laggiri current Lich neutralize the 
charging effect of X0. In thin ease net voltage rise after 
one second is 1.42 tines. Here no d.c. line is connected so 
tad  and P. are zero. 

Pig. 6.3 shows the cha'raotertatio of the generator 
terminal  voltage rise on ate load interruption with and 
without d.c system. The generator  is not equipped with an 
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A, 7.R. Tho coU d Unoo roo xrnt the oaoo ui thou a dhun' 
voaoo a tihoroao tho O.ottod Iinoa, the c acc t,ttb shunt 
rom o . Ui thoi o to no oiunt 'oector ¢ no d.00 r: rotoi  
to UOd tban voie rico at the nomon4 of load tntoruptton Is 
1.2 moo tlmt ia zo to orcnti effect only. llrft thatD 
boo ?wi3 of cooiOrat1flC pot-71' ood of gonorator inoroaooa 

e1 hon volttjo at the generator  rmin o alto j0oaC3a. 
Chis inoreaco Im vitoG eon inuoo upto she point ihon 
gov3noD eomoa in the o ation. Ulion chunt wtoz to uc d 
in a.O ayotcz, t4o dratn drat a lagix lag' 	 ermt and nutrctli 
 o loading curront dram by 4 orb.tncj capacity of tho a.c. 
line Thuo the voltatjo at generator toziinal at the tiornont 
of load  rotor u ston 16 only 1.1 t. OO ran a.O. OyOtea is 
cou od •r '.th dIrnnt rocctor. ho voltcge rice tine to cad 

eroaoo .rain come ac before, booa co shunt reactor ocn 
not help ' in reducing the coelerring ov?of the generator. 

Uhon d.c ay ei is elco oauplcd tti.th a.o ,yrtcaa 
the d.c cycnc dire reactive EtO told. tLt) arr * 	''~o 
cho oyotcn. A pt of reactive owor cuppliod by a.0. line 
ohorrtng capacity to ticon by. (1.0. yet m ad cocourront tira m 

oota the generator (loa(1j1ng currunt) on rcnoto load intorru  
ion to loco in 0coI33? i cafl to itbou a d.c g ciyab. Thus the 
vol o rice cv the oncrnt of load jntorrtption to ieoe as 
coopztcad to rilthout d.aa ayot . Ac d.oa oyot a3.co dra io  
c s tivo r; ¢ cc accelerating pot er of she generator daaa'aaaao. 
ho rate o rice o' veltago at the erator nola duo to 



op ca ineDQ3 o3, dccroacoe a chow t in fi.Curo 6.3. 

Pik . 6.4 chotm the effect of reactive rouar 
roVirocont of d.c. oyotern and nhunv reactor on the suppro. 
scion of the one for tertiina1 croltago rice. In this 

Piero 1, the internal  ? uced voltao io lo pt conotont9 i.e. 
the Conor toi r is not ogippod t". th A.V.R. The reactive 

poor oquirc2z10nt of d.em system ro oa ntiW the abcotaaa  
of 'i uro 6 4 is chosen to "~ d# ¶ihoro 	io the a. C 
equivalentof Xd end .represents the lagging eoonent of 
equivalent AitanCo of the d.o. system bofozo tho load 
intarru; ,on.. flirn both the d.c. oycm and shunt r000toro 
o nrac3nt, the abscissa to oao atB aprozinatoly the value 

cihoro 	io line charging capacity of .lino. It 
S d 

is clear frot fguzc 6.4 that the d.o syatoin ha the some 
affect of c.pro sain the generator torninalo volts 2?1 oo 
as daunt roactor. The I7ig metro that ti.th an incroac3d 
value of reactive voter roqpirarueut of 0,0,, oyotot the 

porator tmstniine.1a voltage rise can be € 	eos d. 

6.2 t'AI 	'. 	LOU or d.o. Y" 	tT'11` 'TI O 	MT -DrR! M't T 
Pig. 6.5 ahais the o loge me of the cnorator 

teTiinala vela a rice at the two of ronioto load interruption 
the a.o ayat trhilo tho d.c. cystoni In Pig.G.6 La wing 

ooior in the opocito (lou to right) diroction. The aerator 
is o ippcd is .iii an A.V.R. and rio shunt reactor Is inatello 
on tb a.o tea. In this  meted d.c syctcm is ccaoh that a or 
he load orationp the p vm I»o i of d.c. ayoton is rovorced 
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i.o. loft to right in ? i .6.6. Tho d.c. syotom to on constantt 
ourront control maintajnod by tho inverter boforo -;ho po r 
fort rovoroal and the rectifier after pot r lot;l rov,ro ., 
In iiuro 6.5 j, tho Generator toz i a1. volta o Dice at the 
time of load into ruption is 1,13 timoc. Thin voltao rice 
to a root4t of,10 anti effect t1iith incroacea the generator 
torcitnal volts o and reactive o*,rer roqu trot nt of convertor 
tfaioh oup root the oltae rice. Uhon no d.o oystom to used 
the vol t à^'u rice at ronorator torciincil 10 1.2 two ao ohoa a 
In rig.6.3. In this caoo, doalod in Pi.6.59  the d.00  otom 
reactive potior roquironomt to 9.45 I,V.A.R. vAiioh to O.42p.0 
at Canorator baco, This rive pouo roqtDomont Of a.cn 
nycitom roducoo the o2toc of the Conorator tomtnol upto 
1.13 time a. S .noo at the moment of 'load interruption the 
dirco Lion of d.c. pior flora in n reversed by the 'oft' s , al 
of the  cirMult  b oi:.l or , co  after load interruption d,c. 	om 
tai oo oar from the conorator. Thus aceacceleratingpower of 
cnorator to roduoot and thozo by volte rice due to opeod 
inoroaso of the horr or in dec oaaed. flare automatic 
voltaao vooulator to uaod which controls the voltajo rica  
by cson wrolin ; the oitation of machine. & excitation of 
the onorator doorcaca c the induced von. Sato a3. co dooroc oo. 
Co by ualnt automatic oltcjo ra .ator and by rovorotng the 
dirootion of d.o0 po for for, the , ;onorator tornninolo voltao  
rice can be rodocd to c ropr do tool. Curve in FIG 6.5 
novo that CV tIQ c Ot 33u of load interruption the output of 
the iwrator to reduced to .eraend it incroacoc to Pd  in 



0.2 second and it re coins zero upto 0.12 ceco . This 
tuna is roquired in the rcveraal of powor low direction. 
During this inte vat the effect of the d.0 srntem can not 
to crttiCiDatctt, but after this, the effect of power reversal 
control of d.o. system is quito 	zricatLo.. ter 0.4 aeo., 
the d.c OytTt+n reduces the voltage rise to 1.09 tines in 
contrast with 1.15 tines without do system, 
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&& d.o, cymto a oe i be rcerxrdcd as a omit load 
ifion vioer; d oti the ; raorevor„ it has a ipooatn effect 
on the on zt t3nbl3l vol tz o ri C3 2.i1 no oo t 
ro'Mctor. Thic effect increzoo trlth the ccp city of d*c 
ctyctoi. Since the ro ctivo rot= rornxiromont of the d.c 
cyotori inoreac G with the cocor terrnincL a voltojo rice, 
co the d.c. hem is more effective t1icn the oonctnt  
reactor uoD the aproocion of ol4a< rice. 

The diroctton of tho d.c . poor floc chould be 
roverood br tho cuppreeoiori of she gmorl tort hal a 
VDltQGC ric at the tae of rc otc load tzzxupion in the 
a.o ycta, 	the potter floi rcvorcc,tho d.c potter 
racccd throuoi taro m1 co cooni ►S Grp of the reactive 
Dotror roquirment of d.c. red cori the cu o3c3in offoot. 
116% vor . she po icr flow of d.c , f t'ct i a reverend After 

I) 	t ,t accord and than d.c. nyotou bocorto effective, 

Tho tount of d  mt reactor on the a.o c yo tom 
can be reduced if the a.c oyetori in scheduled to the intor-
coflnectien with a d.c, cyctom. Alto if the d.c. won is 
o ra. tod almo 0 4 at its rated load with the reactive power 
cupp3.y ; ore tho #.a. aysto„ the ohunt reactor can be omitted. 
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