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The -od£3$£ oporation of the current controllor is oclosely
lioked with the method by which the firing iwpulsos are produced,
vh&eh vay de individual phase control or yquidistant firing control,
uuicvar, & common sspect of both systems is that the firing
xnuiantu aro aotniuinoa for all valves togethor at ground pﬂtontial
and then transferred to the potential of the individual valves,
This is done either Dy mcans of transformors ot’by 1ight signals,

In the lattor case the required impulse power must be made
available at the potential of ths fndividusl valves.

Another aspeot independent of the firing control method
is concernsd with the fmpulse duration, At ahy inutant it must
be possidble for one of the vaives in a comuutation group to take
over gonduction of the ourrent, in other words, the dadlocked
tize of the next valve in the commutation group begins, This
18 necossary in order o oreate, on starting, s eurrent path
through all ocommutation groups in spite of displaced heginnings
of their debdlocked timew, In addition, vhen working with small
currents or in conneotion with trangients, harmonics in the
valvs gurront may temporarily oxtinguish the current, The
current aust then at any tice he able to find & way through
all commutation groups so that it can re-sstablish itself, This

requiremont can be met in various ways,

(2) an impulso is ended by the gignal that relesses the

next fmpuise in the commutation group. This makes the
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fimpulse duration in steady-state operation 120°
(long fmpulse) and slightly shorter or longer

during control processes.

(V) During the dedlocked tine of a valve sufficiently
frequantly repeated short impulses are given,
They must be applied sisul taneously to the deblooked

£ valves of all commutation groups,.

{(e) Single short impulse at firing instant with repetision
of the impulse as soon asthe valve vollage hecomes

positive during the deblocked time,

Mothod (a) is sastiest to put into practice dut with
the light transuission the time for which the light source is
alight should be minimised in order to tnoreass 1tﬁf;£§§£:und

‘methods with short fmpulses are therefore prutnrf@d;f.ﬁ

In determination of the instant at which the dedlocked
time bdegine, Lt is ansumed doth for individual phass control
and for equidistant firing control, that an ispulse is given
as soon as a voltage that changes with time (ocdled the control
function) coming from smaller valves reaches the valvoe of a
reference diroct voltage, The magnitude of the said direct
voltage, and therefore the beginning of the dedlocked time, ie
deternined in both firing control methods by the controller,
The difference lies in differens conditions for the generation

of the control function,

A further aspsct indepsndent of the firing control
procedure is concersad with the principle by which the firing



2.7

inotont 4o dodboprnimod in dmvogtor oporation, in ordoer
o obtoin tho doolrod ontimotion omplo. Looontiolly

- bwo difforomt cothode have boon usod for thin,

(4) Hoaourcaont of tho roouls{d ) ond ptops to
foprovo 4¢ in tho mont oyolo,

(3) Continuous prowcaloulotion of tho onpoedod
Faoul¢ on gtho banto of feoeto alroady hinot
bogoro tho firing inpdond, and fnitiation
o tho firdnmg fopuloo ot tho poooat for waleh
tho prodiotion indientoo tho dooiro@moult,

Seza eontrod Cooho roctfsn (o (sopoodanion of cucth
a oeodld quangity of AaforoChicn oG tha Anfoxmntich
chonanld eon 0doo Bo oovdo cxnid0tln Sop dndosoation
not Dolonging v U0 goatiud Coohoe Im ofhor edneo U0
eatire ohennad 80 CO UAred Lo GUro(sRd purpsaas o ()
ingoroation ruat Lo Groncndoond 4n oandoaen Cogve
Anlogsua tyoncatonlon deponss conaidorabls €omnndn
on tho £idolicy ¢ Longoebuwntion ol coddn Sop ropuldog
inopottien ond c0lUntront, o € ﬁa Joro GE WEONCHICOICH
dn ponopoddy ovclizd nedelrnle

A pdeporavo AL0, 08€orn ¢ dognn tmbor of SEonRSYICHio
ehoanodn, Thogo 0000 Do 3400 2 040 botwocn o



2.5

cordolo, ond thio po_cizos oML oot md 000 dlote
ONA0s bm:r:-aeéx tha ol otobicsoe 39 10 20t 0dtroyo
50250420 to find o Cuitoblo 03T wATH owosloblo cundoliosy
povor for tho roloy nﬁ%m}m g Sontneo, dn cnoe ©F
DeCe tronontooden A0 oerecs (0 Gooe Lomor dlckanecn
aon be beddged wASH /0440 M’ An ¢ho O THZ yoplons
Yhoy ora eecosicnodly cubddost O 204 oo thnt 4% L0
cdviooblo to provide D AALECTCnl corpior £roquonciote
Fho probodbllddy 4G LU0 phcoconacn vould oceur oiowiccns
ocously oa both froqurnnlos, ood hnat cuch o condition
vould loot fox ool of G20y Doo provod R0 bo vory
nlighSa

Por otononfc pecormsy A0 Ao o200 ponsible Cacrost
0 tolophono lino codody for 40 devs Sromoniosion iinhe
Rowovor, publie todophoas Mewys con bo rentod 42 opooind
guoronseos ogosnet awssotaldll ¢on B obindnsde



29

{c) Problon conoldcoiTd Jor cnoiyoio oo beon ohown intho
Z3ce S Tho oyoten ¢ .o nered coumplsos of threo porodlol
Cote 1imit, ualeh cornnsty the CiTwinous oyetcde Tho tuo
nsyachronous gyoten ool 0ond of ¢ nochine eoeh ot ond A
tud By of cemo copagliiys Joch monlAnn 4o of100 MVA copocliye
Lo direet omip TV RoMCLE rocelrned CF tho moching 48 Qef et
ho trensolopion i ACs hovo noniicitle wosistonsoe ond
gach lno hoo 0 rorctonss of Cof Jotte ©n 100 ITVA Dasoe ho
voltore ot tuo A Ao e Pelte 011 0% s B 4o 1400 peue A
throo phoso foult occuss ot (4) uoe & ond  (33) ot tho
olddle of wvne tronntdocdsn Moo ong An aleoor ofter 7 cyclos
in cose (4) ond oftor O vyelos 2o cooo (i4) by simultomoow:
caening of eircuit broritor ot EOUICRGO of the foulty 1ince

The powor 1o ecuciCared $o J3ow Jven nochino ot cnd £

10 ond De

(D) One of tho teos 30 S0 220500 Uy 0 decs Mno onudppct
vith reetifior end L v {ar ot O ocding ond ond vocolviny
e5d rogpoctivelys & Uhron phooe ondt oo 4o ¢aso A occurs

ot (1) tho reotificr T A ond {04) 03 niddlo of one Cecs
tooncalosion 1line.

e fr&lgﬁﬁ“{b B0

Lebe pyLtcn Cin o “hown &) G175



= 9

S

B A R




3/

(1) Uhon $heso 40 no CaZe 4000, ond 0= £oull 4o

oS tho rootificr buss

Duvdvoeloat Sronooicclon Wno voroosen Bofore scoeurrono

of tho foult 4o
foq ® §7 R
Oonfveolent oo ponotoons vhils o050 Scude 1o on

vt
”»

aq o Qe 2&2

thon o fould do cdoniod by dlouaranating tho foullty oo,
oo oyuivolong rocetonca Ap

X u’%mﬁ" =i
o9 B =i

The powor onplo copaRion, oving tho output Pun
OZ gamoreRor A oo 0 Lunglion 0F Lo clo & botuvon
volteges YV ond ¥y o

V.
Py ® -%-9 o1d o & oind

tmore ¢ 2o tho £0dd- 0 wolulls

V' V >y )
Cl o ‘AH—% © i:’::’:‘;j o folil2

{gor 7 < 0l0m)




ngeep 2oude clooyinis

tho fould 4o ¢do 5ol by dond-Ging tho foulted AlCe
im0 pftor 7 eyolon Lo Sho coturnmonen ofthoe fouldt

n—h%%% .. 1aCh

Tho povor culrzus o tho otadicn L wofore tho fould
Pur © 10 pete, Vg © ¢

Gho inltiol cnguler (onfdlon of & wadh goopeet %o B 4o
Zeund by tho profondt novor onrdo Guotion

Puﬁ o belyd ol b o 3{:0
« e pia D o ‘2-3{%‘;} 5 L2226

+'s O o lﬁag“}

Cenniny

Tho oguivolens £0052d0 eun oa6 ¢f oehdnoe A and D

i Vi
et

', o 270 :w"" Bela
D e 2476 21078 pate

%]

oM

-y YA ”{f:. \)
ot o BalGR I
2'76 Ca bt ‘*‘ [ 2‘ ?G .. (e h

™

ﬂl.,ur‘:x'd v

.

3>



Toudng the 40 A00%w0d €2 00 o L2 B0
308 pteps of enlewd CAch Jor ool oolind oo os fellovwns

I?a(n-»z.) ® Py=Dy, (sol) & 2ol = a?ﬁ(mwl)

4] 8l
4 &a u l» 5 4. ‘ .
49° o, r1) o 48 et

o 2 7"€3 1)
&8, o Bb 1 245 I’aﬁiﬁw}l

bﬂ o &n*l > A&n

Vo @ € sin ‘%» | _

The dynonde poritmrae0 oh Ong pftor tho
Cloturbanco, while Cuc cusront LLAMD @y vory quickly tho
vedtopo token gona 9 U0 U eyedos S poceh 0 podoonodly
scooody voluoe Thio 007L00 dntrcloss oono deloy dm piciins

u) pouaer by tho iir: 000 oftor o Aoturboncce

() Conoidering tho «7 im0 tho Ty volte oo fov 3 eyeleon

pEtor tho fouldt 4o cd 304 0o 4o Shdn gono

3:202 2 A0 90D
c:') « 253

2 Y.E8

{44) Cemsddoring 00 Lo v0leer ) LoD tdmon for furihop
& eycdon ond then of oo C0%d G ¢uelos tho Sun volteren

050 ITeb—Pelte At%_

33



1o0%x1xe %k
cz" Us

» 2438

e point by point of cwing curve cpiculations sre cerried
out in Tedble le

Cege A3 (11) When there ia no deos iincend @ three phesc
t. ground foult et i Lo of the deve Alne

puA ] 1’6. Pﬂ‘ﬁ 9 .

Nofore fault
Xy = 0s2 ¢ 0eB85 ¢ n2 = o633

CA » 1a02 peus
Bp, = 100 pette

(fl *JE%-S-B - ‘*

P‘M w 1le0 @ 1.625 gind

34



The foult 10 clozead by 000ty o foulted LeCe
line eftayr B cyclos (0 Qho conmncusn of v foult.

1{3 2w 0e2 ¢ 833 & of @ o7

Cy o dalRdet

o le%7

Tho point by point 02 1l ewswo codoulcRiono oxdcarriod
ct:d dn Toblo =4,

Tho owing oquatics of 8 [or0ilod AdCe/DaCe not worke

Vhather or not o cynlen cnn oointoin ptoblidty aflor
tno fouldt con bo douzolu2d by  oysiin of ponwliincer
dizfercnticl ogunticns, Lio oulyy, couetionns lor o oicnlo
TuLa mchm_n probloa o0 Coten 48 D40 the oquivaient
guing cyuoilon of Lho (o) meeching vALh roopoct to on {nfiniin

tun cen bo wvriticon oo

¥ - P s
36 aeq wei



326

- vhowg [1y od [ly of) U0 S2ardlo aonnten®n of tha nochines

Paa ond Pop 30 W0 aeerderatlng poUorn,y
Pyq apd Pgp C20 w2 ohafS Do dapulo

2o 008 P.a 050 U0 0deotlond souor aéﬁpuw OF €0
ud e randnss

1 Ap tho coudsodeat foosio wsnitunt
Pyoq 30 tho onsIAcat OB S pSUor dnpul

Puca 1o &0 cocldcnlons oloocricod povor owlputs

VAth tho ingortion of 0o Gegs Sropiodonleon tios nantopGions
CFo 060 |

1s Tho dege Sorzoiooion U040 40 oporoded in o eonse
eont urreat ooy oush Shet tho daos pouar dRCNICH
g Bo comeosd conndolt caunss durlcg %a Louils

2o beoat {0 piwor ctturo Amicacounly o Tho
00t woles Uhma Sho £owdlad nowerd hoo boom fpodnicla

Jo Tho goEOTOLCI COMMCOTINT $3 WO deGs t0OZDENLLD
bave rolodivoly high ohord olrovit copabilitios
00 00 %0 Cooncanato Oy @ooanivo vithdyoud of

dvo percy wadeh 057 reowds in dopronoiag
oltornoting ol diroot ndiney Copdnciiio boents

1% 40, baveuoss ULy ooimswlodond ot oo of Gho
cogtnd cenotonts Grin G Ro endnondnad omoetly ovon w8Lth
pooscat doy oalestio wltape poowalands S oving oowatien
&0 widelh o mogedst’on 02 sho Uon v0ddnes ooy vory wilh



37

3y 05 s o pord 000 vodlose dins con
Uo ¢oboz dnto £osount L0 0odeil L0D U0 guing curveds

¥ odeotrdcsd CCUOR QUGTUO OO0 DO udtion on

Pug @ Ro L0437 2
‘ s
o 10 L0003 y)24 3
- noy5§ I

2 Pyy
DICSACrly Py © Py

TROre Fyy o8 Pyy 050 S0 0etiCn poow Lnputo dnto o
Sroncndosion natasle Shano fosuis (ovivod from tho £igs

i Vsl
"1 @ Paucs® w oAl
2% tho dete treneionica o A0 0D cush $hot o boopt 4n
Louor ocourn oftor G Zoulted idnn oo boon lsedatad Cho

CeCs pO-OY con By U4 oo

Eﬁ‘tcg b E’Qﬁe '&;}Q&@

CaoPd e Py

o0y I8 €2 OU0Oy ol0Te Cags poUIOR oDl

g 0, © 10 207 progouls ond Joult condiGion
5(:};:;} Lot B bBooat Ao dAcocatinyade

PCoAred woled G 0 Alrdted oot of
T B tho posbeloudd conidticn,



*‘% £oudt 40 of ¢V moclhgier o

R; @ o Lo Lo

C o 33?:%}51 g2 Oally

i?mcza 00 Patta

ﬁ’dﬂmt@ Uods Tol?s

0% Py o€ 0iD & 0a0

or  SSh sled s GWl
. ¢l
o 005

L RN ﬁ;ﬁwﬁ‘:

. (Lo 7 op0dn0)

o LopA% ednnednay Tha £ondd S0 odeored by Soolating
v, 1y zuumaa AeCo Lion ORor 7 O50don Qron OO SSSUDPOISO

of o Zoudde

Ks o Ga?

C’tga

Uhom oo fete R0 40 130004 by 0 Qe Mo 020

28



39

wda ce ¥ 0

Without the pover boost the recovery of the d.c» voltage
sfter the fault wes clesred is vether alows

(1) On twmidtrm 0.8 times the bus w%mﬁ for 3 cycles
after the fault was 2léareds

- 0;%2

and Pﬁ%#l w Oalad B
o 032 palle

{41) On considering 0.9 timen ﬁw bus voltages for further
2 cycles and then after total % cycles the bus voltages are
' A 7%

LY

w Ja10
end Paeoe ® BXsG w 236

The point-by-point swing curve celeulations are carried out
in Table 2.

When the power busst 4s Present sfter the fsult clearing
the recovery of the dets voltape is alaost instentsneoiuss
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