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OYILOLY
Unlcco othoervico ototed,folloving nototicno will be uoedte
Ei = feletle nhoce to phnooo veltnye ot gonorotor
Ez o rei.0e¢ phoco to phooo voltogoe ot load.

Ba Vd = Gircot voltrse.

Ed o dircet currcat

v, e AL. Vol o ot ecave: tor tronoforcoy

v2 o AsCe Volte © ot dnvortor tronoforrars

z&.ﬁba Powox (rotor at convortcr Cronolorio? CeCe 000
ﬂ%,ﬂép Yoror footor on ¢ho n.cs cido of invorter.

K1’H2“ Ccantento dore Adng on cenmootion of reotificr rald invortor

to to cooountcl Tith DeCe 0 QuCe VOLLDO CCRVOroions
= 3".{3' Loz 3 Phase Cennechona

HS'E4° Ccactonto dopen@ing on roetifier cnd inveortor to bo ccountod

CAth Ce0s Ond (.0 Currcnt o voroion.

zﬂ o Lauivalont 0.0s iopedones of .0 1ino froo corndipg ord,

Y o Jquivelont n.0. dopodonee of de¢s 1in0 Lrom rocoiving onf.

I 5
5«1 o Jorouo onclo botocon rmohinoe 1 and 2.

A o Pootor podting nonding cad o€ peeodving cnd voltaso of Q..
1400 in QeCe cOuivolont Qiroult,

L o Yolo) cordco dnsuotonco of porfeeo of SEanoforrors

X o Poloy ovple of ¢pid Lirdes Cor roetifior.



V » Angle of overlap.

5 = Detonisntion enclo of valve.

” s

1,5 = Cuffix 1 or @ reprocents for reootifier end.

Qufrix 'z‘oz- 'r"repmmmw for invorter end.



SYLOPELY

Hirh voltare dircet curront powor troncodcoion 4o
gomdng up nov o 4ayc ropidly. dp a2 mattoé of foedy, in gortoin
cuuntrioo vhoro soureen of powor arc for ovoy frop lond contron,
d.0, Sroncndcoion hooproved ¢o bte tho oot oedncrdecl golution.
Zhic 8ipcortntion dealo vith tho anolycio of Ge0e OyotonDe A
parnllol tecs & de0e oyoton hro tocn Oosurcad and onolycods Sho
andl yoi o hastecn princrily dcvotcﬁ tovnedo povoe flow ond yoootivo
poror romudrcoonto of 4.0 trnncnicoicn oyotcro.e CHobiligy
oonoidorations hove oles boon dipecurnceds tho otudico indioate
tho rocul4o in fovour of roociblo uoc of o corbincd c.ce ond

4.0 transnicoion oyotone.
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1.3, IUZRODUCIION

Uith incrooced dormond of novor, 1t voo oscontinl o
rajco trancodcpion wolinge cnd diotence. Additiond problono ecomo
up with BuHeVe 0ece troneminoions In rceont yooro, fron $ico to
o due eonodderoticn hioo boon given to do auay problero nococie
atod with long Gistoneo n.ce teoncmicoicn ond an altornntivo G.0.
tronomicoion hino boon cugpoctods “ho ctudioo howvo chown pozolblo
oconomic cdvantcpoo in fovour of de0. AL caffieiontly great dloton-
cOs 0o 1nvolva%26£ko 0 pacser of font oo ountrdon vhopre potor
ncurcos ore citurted for nony feos locd ecntreo ore cdonting heveds
¢s for Sronpfor of lorpo blocho of :ooor rad otuiidco earrdced cat
i thoir d.¢. ropcorch controo hove cherm cony toclmicen) cdvontogos
of 8,0 tronormicolicon ovos ClCe L0 40 TOll Imetn thot otoblility
of on 0.0. trancoicoien eyoton ic Coponient on perer por oiroult
ongd tho loapth of troncmicoicn linco. Por longor linoc rocotoneo
beoorao bigh chich proconts otability probvlers end tkmo Cor leagor
1inog 4¢ thuc beoomoo nocoocory to iatroduco intorradirto
otobildoing oquipmonto 18ko oordoo enpaodtors (in termondiroicn
iiroo), ohunt recetors (in enblen) or oven intorrodicto cvitching
ctaticnes Intrctuction of cay of thooo oquipmcat dnerceoco tho eoot
of the cyoten carcidorodly. In Qe.0e troncrdcoicn gycton ¢he lige
lon-th G000 rot 0ffost tho otchility crd co 4% dc pocoidlo o
ontont ~.0. lino ilomth nceoxding $0 lecd roquiroronto, tithoud
ucins cay intorcofioto commoncating oquiprnat o ~inticDs

ihilo it 4o cooncnl-ally Juotiflod To ucoe hevelsoe
tro-coicoicn for dvonnfor of lorro hlocko of pawagfoﬁﬁ ir not ot

01} rpoctionilo $o o cuny 0311 tho ondiotin’ h.veCece CcOROrOO ONly



(2)
on thic dbordos Low o doyo, vhero o ooproity of axioting

C.C. pProjocto 4n to Lo inercnced, the now oxntonolon 4o deno Yy
4.0, cnd alco for purpono of intercorncoticn of difforcat pevor
oyotono d.0. linko arc urods The procont otvdiog’ill bring out
tha ocdventageo ond 2icdtatieno of d.0. troncmiscicen cnd oloo 4to
contributicn Counrdo ntabilily domrovoront of tho cyoton ohilo
vorizing ip parolloel tith om 0.0, S¥oncriocicen lancgi§'4>

It 10 vol) cotoblichof that £.Cs 40 tho bont forn of
cnorpy fronm gcncmtwn o mli co utilication point of viow,
Gonoration 0f d,c. 0t hipgh proccuro io not pocoiblo, heneo o
c:séom dva. troncoicnien dnvolvon genorotlien idn nete Loriy
voltono 4o otopped up by rocno of otep vp ooanfeeror ond oftor
convording 1t 4700 d.0. by moono of pcotifior, olcetrienl pesor 1o
troncniteod on 1dnoo ond £o8 $o tho Ds@e oyoten :;ftca;' convorting
boel dnto nec, forn by roono of dnvortorce Voltoso 6o Bo leviorod
at tho reociving €30 by otopdevm {rarofortor o o Gintribution
volinso cuitodblo for aanmxmm(f) Cuch 0 cehers oom Lo roproconted

oo chomn in Dige Tete

dalala
(12)

In 4.C, cygtou pooor Seoncitted do givea by <ho polatich
L, 0L

Eb
P.‘o T-Lﬁoce- —-1-5-?*- 0&0(512-@'9)

Tor conding cr, cnd for rocolving tnd
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81 a‘na oro tho voltngon ot two cndo of troncoicolion
lince

X o Lino rcoetcaco

R o Lino rooictonso

$12 e Lloetrienl Zrplo botwoon $vo voltoron clco

Inota 0 torguo tnrloe
I£ < X 4404,y
12 tho rociotance of thoe lino Lo wory orlld oo eorozel
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In o d.¢v oyotcn tho trenondttod powor io civea by

GeCo n

’i‘..l.lﬁ'.."".(?’

" horo Eﬂ, celd Lﬂz oro dircot voltoroon ca tho reotifice

end invo:tor crdo roopootivoly.

Oguoticn §.0. chovo that de.e. pocor 40 proportirncl ¢o
the 44¢foroneo of voltogeo widlo oo tho Gl.¢e pover 10
peoporticanl ¢o produet of woltasoo ot tuo cnde.
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Lot TUS DeCe CRALETT, UG

“ho docordption and corkins principlo of convortors omm
be found in nny otonderd tont book (Rofercnmee 126 ), horo

only o brief rooumn 1o given to onliot tho cocoosordce and tholy

behoviour for cnoy roforoncos
4)._Convortor, Sroneforront

Tho écnvovﬁor tronoforcor corvao tho purnono of dcoloting
tho as0e ont 4.0, gyotoro, I¢ Cloo providoo voliore cuitchlo to
volvon for convorsion But ovea 4f£ o cuitoblo veliaro for volve

io nvailablq,u gnoe to one rotio troncfercor 1o rogquircd for

icolation purpocoo.

& throo phoce Lrpidpe conncotion no in €1, 1.3, hco beon
univorcally cecopted, oo tho Loot cenncotion £6r NaveleOe
convortors, Chic 1o mainly boecuco tho bridpo eonreetien providoo
tho boot utilicoticen of tho tronoforcors Tho current an? weltogo
vavo forno are chotm in Fipe 143« “ho Gircot voltoro 4o choma
ty tho thick lino.

In o rootifior ¢ho cnefo codtching emn bo deloyed or
coooloroted by comtrolling the grid oporotion. Sho relotion of

corvoroica for o delay cogleo K 10 givonm bolows

Voo =22 g, conoc

neey -uvnbow(iog)

Thoro
I ic phnco o rhoKo Fele0. VOItDS0.
A in grid control cnglo or AQoloyed fivirg crplo? cand

V& 40 tro €iroet volinso.
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(5)

~gquation 1.3+ choun thot by dmorooning X 4 Qe0e
voltego gooo on decrconing, paceco through core cnd aftor 00?
tho dircotion of power flow rovorowo, the povor boins now fc&
into a.0. tyotcn fron decs lino and tho convertor 4o cald to bto
sotisg 0o invortor.

“hon ono volve otopo comdueting, tho curront dooo not

cuddonly dropo to coro, duc to rocetones of tronoforor i,
but 4t tokoo o finito %’“@% Y to dgop to corgiy Cicdlorly chon
noxt volve otorto corducting 4to currcnt dooo not ottain ito fulld
voluo 14 icrediotoly oftor firinge Ao choon dn Pigs 3 the pordoed

Y 1o hnovm oo ovorlop time. Thoro 1o o roGueticn of ddroot
voltogo duo to thio overlane She voltond roloticn o piven Uy
tho following onprocoict.

‘V& -] Bftﬁ: E Con ALY - }) 0:01!@0

In rolation 1.4) V& ¢tho ocvororo catput voltopojsenloulnted
by intorroting and overoging the wavofert.
I¢ tho onglo Y 40 mogleotod thon

V8 o -Eng- Es Cooo

e Vo Cooc
~horo Vo 10 tho rowi=on no lecf cutput veltero with
Ko 0.
(6)

20 dorive tho oqurticn povorning cormutoticn aclo,
&oncidor, coy, cormutation fron valwe 1 ¢o 9 vhon wive S firoo,
it couoco o short cdrcult botwoon plhoconY oyl phocon Re Tho
incrcacing o.0r¢ oidvouit gurront flovo ceoduot tho foronyd ourront

I8 in wolve 1 untill curront rodueccc $0 goro &0 volvo 1 ord



(6)

inorcopos te 16 in walve 3. Tho ogquotion of thio chor{=circuit
1o

2% Mo /7 ¢ ot

vherc 1o 1o the imotontoncouo chort ofreuit eurroats Integratien
ond eolution for tho comditiona, '
‘hon vt » O ; -~ 4o ld civon

Id o - oL [’0009(“ Con {°<"/"Y )] seeese(145)

Thon tho onnlo of doloy of o soavortor 0x00040 99°. tho
overego voltogo Leoornno negativo, row 4€ cn oztor:nl deGe vOlinro
forcoo tho currc~t irn o dircetien 4n videh ¢ volvoon oo~duet
ogeinot thic neorntive volgore, tho convertor rogeiveo poucr cad
boeoran on invertors Sho fivdng cnpglo thon 4c Imemn oo cagleo cf
cdvonce £irdng ond do pgiven by

Xo (80 =0

It 10 iomortont o noto that tho ourrent 4c otill flewing in tho

’

caro Giroction, forcod by rootifior voltnre, Figs ( (-4 ),

~ DPurdrs invortor oporation 4t 4o iorortont that conritoticn
ic rormlolo, beforo the following volinro noro, 1.0« cormutatlonm
gren valwe 1 to 9y ot o ovor bofero podnt ¢, Yipe ( 104 ) “ho
point of chanso in oign of co-rmtating viltore Wls In fm{:
the cormatatica ruot bo cocploto o cortoim cxtinetien caclo $ o
absut 10 dorreoen, toforoe voltcg;oziw. Yhio 10 Quo to feot thot
chon o valyo 1o con@ueting 460 ppid 4o curpoundod by denicod

)
noroury vapouz? end 10 dacffoetivo, cineo ¢tho otate of dondcaticn



(7)

in ¢ volve deco mot collopeo cuddondy ot tho end of curreat
conduoticn, but tohkoo cortoin tice to doecys S0 timo de the
ties required for Jolonicotien of tho sutgolng volve, oo that

it ropnino 4tp crid control, othoroice valve ¥ will ¢rhke tho
current bock from valve ¥V ond rocult into o foult Imomm o corne

totion folluros

It 10 thorofom‘, icnortant go rpivo tho inveetor o
cufficiont opclo of cdvenoo /5-@ & + % . Thoroforo crig eentrol
10 obviouoly on eocpenticl featuro for cn invertor apomt;o:(z? Tho
aveiladbility of on o.ce cuprly io oloo oo ooseatinl roguircront

Yor an invortor.

Cinco invortcr ic rorcly o roctifior '4th doloy onglo o
groator them 90%.  Tho cars cquotions : 411 orply $o tho dnvortor
oporotion,for aenvericonco, invorfer cquaticno oro glven dn ¢orro

of nrle of cdvance firing /3 ong ontinetinetion ongloe 6 ’

“he esprocplonc for dircet volinge onfl evrpent for on

invertor oro1.2.6
¥4 = _.irl@, I [W&_{\ sescs(1,6)

I}

e wppiey (CaoS = Conf3) ereee(147)

“4re 4.7 choun thot tho d.c. volioro contrdn pirplos
oné eutp t voltore 4r not rerfietly croothe In oxior to roduco
tho ri-~lo in tho d.c cutpat Lron tho cecavortoro rnd ot tho sere
tiro to limit 2ko Poto OF rico o tho curront, . oroothing rcootor
1o urnally ccancetc? on (Fo ¢e¢» 0ido of the trantricolcn linc.

“hio pocetor hoo nercnlly o dnduetonco of fov Honry ond do docipeed



@)

oo en oiregore rocetor currounded by on iron corce

39
v} _VALVE CO:.IUC'.,IILS{ 2

Yorourgy oro volvon arc not ovailoble for vory high
voltnzo rsting; Vnxirup volvo v o ting ot prosont doco not oxcecd
200 KV, HV, D,C, torminal otnti:ne roy contain wore than'ono valve.
CTherce 10 penoral tendomey nout o Gayo thot vhoroe o de.ce terminel
otetion ic to contoain more than one vnlvo, thooo will bo cornceted
in corico(Pipurc 15), in contradicticn to univerral proetice of
| parallel occnncetion in cano of o.ce ctoticne. Thio 4o bocouco of
“ho feet thet perice corncetion of velvoo fredlitateo teking'cut!
ant '4n' of o valve iu tlo onco 4¢ dowvelopo o faulte 4 bLy-pros
valve 10 nleo cormeoted rerono d.ce torrdnslsto hely putting 'in'

or *out' of o prrticul-r volve in tho ocirciit.
Y, Tgl’.ﬁ OF JleVellalle 17, -uu 0
L (42)

1o hi T a0 Jalle-NiaCe UYI Wiy
2

In tho nyotor chotrn in firurc 1.6(e) onc torminol ceCe

tronomiseion 416 urod ond ¢orth 46 ucol oo o roturn poth,.

“wo torminal de.ce. troncoincion pyoton {ohown in Tipure
1.6(b) ralkoo veo of both poritivo an! nogntive polarity. Gthor
arrengonent 4o uccd oo two torrminnl d.0e tron:nicsicn cith cdd
point corthed ~o chomn dn figurs 1.6(0)s %ho obvicus ndventoso
of thc lotor L thot chon one ternincl dowelopo o frult, tho
curnly of rovor ean be eontinucd through the othor torminal ond
ogarth. ’

) ‘543,14)

.C;‘ha.ag

Y alaBa s i g fsCenmi.

In n pornliol nece 2nd Gece oyoten 2o chewn dn £lguve W,

noator 40 ‘rrmerdttor Jointly Ly nes i dete Yince oin. totul
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tronecdtidn capoeity 1o divided botucen the toos

U %I"J .{,QGL 01\ “ vm-‘ o P (‘24 7:8« /6 )
!050 hddads il LunVonhi18s

Sinco tho ocutput woltago of conuvortero ¢an bo vorded
from pesitive to ne! tive by nomns of prid ecntrol, tho systen
as o vhole can bo controlled in o variety of vnys to ohtain
the duoired charncteristiens Solcetion of tho ecnvorter
characteriotico thorcforo chould be such oo o rmoot the roquirge
zent of regulntion an! protecticns The thoory of convertor opera‘icn
fhowo thtt dircet voltage cnd curront cro function of ocnd Ts
for roctifior ond V7 ard & for invertor. By voryl . thueco
cuantitics in o suitable way, tue eoavertors con be pivon ony

depired chnroctoristics ovor 140 rom o0 of oporation,

Tho gconvortoro cro gencrolly controllcd in tuo wayo,
oonotont current control ond conotont firin- anclo controle The
teXnd 4n 0 G.0e tron micelion 1o that powor trancminsion in controlloed
by the rootificr ond und ro rootifiors cro gencrally provided vith
crnotont current controle Thuo 1f tho curront cxeocds o
particular cot valuo,the cfoley ongle  incrcoces thuo deorearing
output voltaoro, thin provente the curront fron rising rmch obovo
the ecot valuope %ho invortoy upo%aticn on tho othor hent, heg
o bo guch that it arcurer onfoty of oporotion. Uo invertero
rro providced  1th ¢ erntrol cuch that tho fiving racle ic olunyo
tinicam to Lheop tho roetivo nover roguiroront vithin litditoe 4hio
rnelo 4o kopt concionte Shic t,po of eontrol i roforres oo
conotert f£iring cnrle controls lnvorterec oon ol:o bo rrovidod
vith v oonotont curront rorulators “hon 1f curront déop in o cot
valuo, £ir n: ansle 1o inerocsced rmore thon wict 40 neceo cory for

conotant £irins cacle controle



2,3, IUTRODICTION

DsCs 1ink im an ssynohronocus t4o iino intorconncoting two
G0 gyntorse Tho rootifior ond invortor hove neawlineny chernetos-
lotics thorcforo G0, oyoten eonnot bo complotoly roproconted by
rocetive and rosiotive notoorho lilio oe0e oyotoms It oo not yot
boon poooible to obinin onnlytienl oxprecolenc for cosploto oycten
including gonoratien ot aaag,trmnamacoian ot Ge0e O utilicoticn at
Be0s voltngoe Hooovor, rothedo hove toon ow gooted to crolyoo ocueh
oyoton soparatoly for copding (nd rocolving ondos In oné rothod,
Dre UsGJMnporend, cuzpooto that Crom conding ond o.0e oido, tho
rootifior 1o oonodfored nn o lond vhich concuroo cotivo and rocetive
potor ond from rocoliving and o.0. 0ido tho inbortor 40 concifiorof
to bo a goneratsr, vhich hao to cupply cotivo cnl recetive novor.
“hio 1o chomm in Dipure 2.1,

Dr. T.Horigors hoo curgoetcl o pothod o cnolyce "Ro QeCe
gyoton by ooeno of tvo couivalont eirenito - ono cuitodlo for cénding
oné.mnﬁ tho aethor Tor rocciving on@e Thooe clronito cxo cbeoam in
D4 2420 A€ rending ond tho eurront 4c losging voltnrcs Whin
offoot 1o chorn Uy irfuotivo scootaneo im Picurc 2.2(c)e AT rocoiving
cend, eurront 1o loching tho voltoso rnd 440 offcet 4o choun by
carneitive rocotonee 4n PR(Uro 2.2(b)s Dor 0i0.0e= G.0«=0.Cs oynteD
coolytical cxprooc.onc oon B0 1ndd doun with tho holp of the
oquivolent edrendto of “L.urc 242« Pollewinge cocurptizno dl)

hovovor bo rode ! -
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{1) Tho 0.0, voltogeo ot “ho tvo ondp of tronoricoion
linc are puroly cinucoidal with coch phace bolancod.
(2) Diroct curront containo no fipple.

The hypothotieal syotonm 1o chown 4n FPige 243

in 2ip0e 244 10 chorn tho nquivﬁlum girouit for tho link
botvoon tho Qs.ae oyoten at tho conding ond omd thoe 4.0, oircuit
in ccoordanco with tho thoory gdven by [r. Horigore.

DArcot voltogo ond curront aro pgiven by the following
'(4,,2‘ 6.7 i*)

cquoticnn
Bﬁ‘ -] ﬁ’v’ COQ 0< | snswsesleln
Eﬁa = sze Con ﬁ sesseselele
Iy = V
1
ﬂ{;@@bo'& - 000(0(+“7)J
Iﬁ

fl’co 1 (0005 - 00:3/5-}

it ?, ond V2 ore 8.0. voltoroo ot thoe convortor ond
invorter tronoforroro rawectivoly) ﬁ:en in the cece oguivalont
eircult the—woltase for conding ond tho woltngo ot tho for ond
Vv

boeoreo ?

‘horo N 45 6 foetor Cofined by

»e “"1""@{1‘& | evaslede
Ky Coof
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Lot 1@ %o tho ocurrcnt throuph Ge.ce lino, cnd R tho line

éoeiutame,thun totnl d«0s drop

b ‘ Y
9..:0&?0».& [l'(.( KG * xl'} +R 14 esvlalls
grom ogueticn 2.9 4% follows that
(DeCs Voltare) = K,’{Ancq- Yoltaro)Coo ess245e
AeCo Voltogo o SaSa¥olinmo
| Ry Coo X
md In,o. e O,
IG.06 ~

Tho oquivolont oyoe ippodencc 4r civon by

& ce0e {oquivnlont) = e0929Te
gs.c.mrrmt(cqnimlcw)
o 20
in oquotion(2.7.) cubctituting {rom 2.4. & 2,.6.
[m( + X, ) R ] 19/ Cooy
Kd id
o %(x + x } M R tl‘z‘a'
K, K Cop
Uinco ot conding 6nd 1 luos& by ﬂ, ’
* (X + )+ R
*» 20 o % S xg . 6*3 ﬁ" sealeDe
K1 K Coo <
nide

Datio Of CUrrontc on LeCs Ond C.0e/10 Avon by

Tac. - K4: ﬂ_ [Cca.zo(- o2 (°(+Ts)] iﬁ.fs +Sim 2o ~ Sin 2 C’f‘firsya

el e 4(cer ~ coox+7%)]
210
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Tho quantity vithin cquoro root i cpproziratoly oquol
to 1 undor norrcnl oporation, co

qug%m 3 sere2410(a)
I dets ™ e '

Convidoring now the conding end eoyoton 0o ghotm in

Piguro 2s34(h), &4 10 tho impodonco of tho branch chown
in Pige '

piting curront oguationo ot Qodo ﬁ._.

IR U T . eee2eit,
‘hore 14 = g;xa (10400 © Reldecs)s |
geley) | % ’

7, =g | /%

ﬂ“% alvy )L25

.Ya"“%. “’IYQ/ | ~#4

©

Coking 11 as roforenoo, tho vootor relotionchip io chovm
in veotor diapron

%ﬂ%lg%

By =[By) | By + 0

Cubntituting in ogne 2.1+ 0 ot

D’Y’ ¢1¢' 91 .-901 & E Yo f ﬂ‘ aK.XG. s2e2s12,
N

In oquotion (2+12) right hond oido hoo only rool part co,
coparnting roal ond icarincry porto on€ oquoting tho irpginary port
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10 coro, o ot o onuntionos

Ly¥y Coo (gy + &4 .-5@ )+ &25 Coo ffy = E I8 «e(2413)

N
EgY, Oan (g + 84 =% )+ Yy Yo Sinfy =0 ee{2:14)
P
Angle ﬂ‘! 1o dofincd ns
Coo ﬂ, e [cw X ¢ €oo (X+% )] ss{2615)
Por rocoiving end, cquivnlont olrouit ip schom in Piguro
2+3(0)s |
Annlyodo of tho reeeiving ond con bo oarricd out in the
pindlor ©aye
Or the bgniﬁ of oghs 2495 vo ct1 writo
op o "C-txg_* Xr) + R aﬁjﬁé +9{2416)
z:zrzs Coo p

- Fho rotio of curront on C.0« 06 GeCe 0lde of invorter

oon bo cxproozed ou ;2..
d T ——
KWL Jemaa n i ol w5in 38T 52/ TE (540
F[cor (3 -1r) —CeaB]

Indor noxcal operoting conditions guontity sithin oguare

root bodroo o 1

thoroforo I JT
Yi o Kz = 7 «o{2+170)

Triting ocur-ont ocquoticno at nedo Q,
1? % )\V.‘ Yr = IZéYg
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Toking Ig oe roforonoe, wvoctor rolations oro chova in

figuro 2.9.(c)s

Y, e[ty /%
i& ”l::][fﬂg

Vp oV | [y

Lauation 2418 booorss

oquation 2419 ean bo rocolve? dnte rool ond icnsinory

porto ove
ByLy Con (F, + 8, +5)) - Y, Yy A Cos Fooll 10saess 220,
Yy Yy X Bin @y = Ty¥y Cinlg, + 6, ¢$) a B 18 eee2.29
£he rolaticn botvoon cngle fl,s caglo of ovorlop cnd

curront of invortor ie

Coo ﬁs e { E&m/‘l + Coo ( ﬁ“r”)] v0s2022

Voltozo Eﬂ, ot tho condinn ond of G.0. troncnieoion
lino 15(“

May = K%, GooX = 2 X6 vee2e23

VYoltopo ﬁda at tho roooiving ond of ¢rencrdcenion Iino'ieﬁ)l
Eﬁz -] Kavac()ﬂﬁ * EE!' 14 veele28
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Cubtrooting ion, 2.24 fron 2.23, vo got the veltore

drop on tho d.os tronocdooion linc.

By = B8y = K4V, CooX = - Ly¥, Coo ﬁ.. __m(x + £,
But 138.1 - Edz o Iﬂ wres2al5,

Thoroforc ¢tho oguation coupline both ecquivelont clrouito
io obtained oo

K,V,“ Con X = szz Coo fz" o ?ﬁ(xa + Xr) + R] 14 v2426

‘ Cn the baoio of tho couivolont oircuit thoory, 0o oxnplincd
~ oorlor, porollel Al.C. ont D.Ce oyoton of glgurc 1.7 ccn Yo
olrplificd oo Piguro 2.4(8) for conding ond and 244(d) for
rocoiving onds
e 3

-9
1 L= 3
Y3¢” Log L?L)

Yo = ‘JL"L_J)

r
0

Ao roproconted in Pige 2.4(a).

Taling Ido oo roforonco voctor

Uhoro I8a =(K.18.0,) = A.Cs oquivnlont cugront in G.0. 1ino
K = conshamk

By o|Tp | | fy « 62§y
Yo vritizg tho currcnt oguationo ot nodo v,
Vv

E’Y’ w Yo ->4? - 0:2 Y?.ﬂ = {34 ses2e2Te
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~Y, 512 ¥ Y2 ef
Dy¥y By + 51 1 by Yy [By+81 P12 2 Yo 2 [*f oma..2.2.

Coparating real ond inapinary parto of ognation 2,28 ond
oinco dircet currpont hoo omly reol volue, oguating imorsinory port

to coro, wo ot
ByTy Cool 161~ 91)-B,y,, Caolfy+61~ F2 )=¥o 2 Goo fyella «(2.29)
By¥y Stalfy+ 61-5)-Dy%,  Stulgy+61-6127%) o ‘;3_51:: Fe=0 s e{2430)
Oopleeting rociotence ¥, = ¢, =80° 7o pot

Dy¥q Coo {90-fy= 51) = Bp¥y Coo (30-fy= §1+612)=Yo2 Coo gyellla

332‘2'3 Oin (542.4?1 +64) + LY, oin(g, + Y )-Yov_g_ Coo 911 o Kel@e.(2.5%,

ond
=Ly, 540(90aFye 8,)T,T, 54n(206 612~ 84 *‘1’1)--50;::‘1)2T in #, = 0.

Ly¥, oo (812~4’1‘51)¢B,‘Y‘ Coo (f, + §) = Yﬂ“’}% fin fy =0 «.(2.32)

Rolation botwooon dioplecerant factor (Q’,) omd angle of

ovorlop romoinn coro op oxprerced by cquotion 2.15

LD aVAL G S0

Concidorin;: thi omivelont etrouit. of figure 2.4(b),

2oking Ido(eR 18} oo roforcnec tho voetor rolaticno cro

chorn in Pdpuro

Lot Tpp =28/ % Yor *(Yerl (5 )
by =[iy| | Y2 Ty oltyl [ =% ;'Ao roprocontod

r o in I . i
vy oGyl [~y Y. n}%/& g igaro



(1¢%)

K,
%nﬁgg-g-

2 “‘VZ‘ l’ﬂr

1 1731} '¢r+82

By o[y [y 482tz

“riting curront equation nt ¢tho nodo

A ByY,, ¢ M@ ¢ E,Y,. = LY, veo(2.3%)

KIg & L,Y, /$o-fr-S1e-Ya - EaVor| S2- 1% ~AEY L= Pr (50

Dircot currcnt ha: ne icocinory part, thoroforo the
ioagincry part of ecns 2434 40 oquotcd to COTo.

K o i Coo (83-H =512 "9”2) -E1Yy Co s ($2-¢r-%) ~NE Yy Cos (2. 35)

Lorleating rociotonco of trencoicolen ling
=% 90°

Subotituting in oqne 2.35

P14 & 3232 Coo (90 +8512-P,-62 )~E1Y’ Coo{90 + 4’;-*523 -NEqY7r Cos cﬁr

KIG o CyYy 840 (f, =62) LY, 0in (Sq2+ ¢,-62) -AEYr Cos $(2436)

Louoting iraginary part of oquetion 2.34 to coro.
0 ==I,¥, 'odn (90 +812~ ¢,-62 JE, ¥, Lan(80 + H; =82) + NEAYrSin ¢,

0 ==3p¥p 000 (S124 Gr-82)+ EqYy Con (Pr-60+2E1Y1 Sin br (2 50y

%ho ouproociono for Qfa, ourront, firing onglo on@  rorain
oero oo oxpeooncd by cquotiono 2.3, 2417 ond 2422,
On tho btrodo of oquotions pivon in thio chaptor, 1t io

poooible to cunlyco o aocbined pyotom.






CLisTa g

Convortor oon bo arrovpgod to supply tho gowof in oithor
Giroction by cuntrolling arid eotioéi) A gonvertor pay bo oporoted
oo reetiflor or oo invortore Irrcopcetivo of tho Gircetion of povor
flov, tho d«0. 01€0 of tho coavortor con cupnly oaly cotive povor,
1t connot cupply recctivo rocore In othor wordo convertor io o
machine chich eonrurgo tho reaotive pGﬁDrQCﬂﬁ thorofore tho otablo

62.8)
oporotion ie dcrocoible vithont tho cuprl: ﬁharcoé;'

“hoa o convortoyr ic opornting oo o rootifice, 4¢ io
conoidercd co 6 locd thich Mac induetonoo due to leokore Porotoneo
of tronoforros orf clro éuo to tho colay coroeicted oith crid eentrel,
thioh 15 rorulired to occntrol the cutrut voltoroe Thopcfore, <he
rootifier oporacoo ot n 1o én: pocop foetor, cnd poquiree rpocotive
povor cupplye Ohio rorotivo porer 1o supplicd in ¢hic oace,

togother vith cotivo povor, by the ne.¢. oyoton itcolf.

in eace of invertor, chore pomcr £10v 40 £rom ¢.Ge
1ino o c.0e cyoton, 4t 40 trooted oo o goncrator whidh ctn oupply
enly cetive noror, om tho othor hond, 4t rocds ocoro rcodtivo powor
to oot tho reretdiw notor roguirononto of ianverter tranocforcor
recoteneo énﬁ cdvoneo Ciping englos  2huo on invortor eom to troctod
oo oporating 6° © lonudn ;) pex e feolors In thio crco tho CeCe 0YD CD
cocopio tho retive potor ﬁrqm invorter but 4t ract 4tcolf cuprly
tho pecetivo po or, or coue othor neono oheuld Lo providcd oo thot

invorior rocetive pousy dcrone 10 rote
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ﬂ.a. Coiir 13000 L WPR. [SAC ;Jﬁ F,Q;Lj{ i‘cA

5
Sho retio of oltormeting to dirocot curront co given dn

Chaptor 3 ic
E_. f%% CO’JQ(FS 'Yr)] [1Y~r +~Slh—2 (/5 -r'f)’&h 2/5]1 31
= B
2Ll (-T1)<eo B}
vhich can bo aporozirated op .
/e .
is= :j—’z ia ‘ !‘0(302)
I: A(Ghr\aﬁw\? Cuomeml q/mmu Urwenlin
ﬂirogt cutrut voltoro dovoloped by tho invortor 4o
Vd = Vo E%&%_%SJ eos(3e3)
Launting Geoe ond ¢eo. pocoro -hore Vo= 3/2: 3 ano 2o aroot

N2 Vol Oe

5]5 [OO F*“-GOOS] 14 ::B S 00"‘9’ ee{(34)

nr —-r ié Coo g

Thuo Coo f o EQ_QQ(b‘b Gop S ] | vee(305)
2

fetivo componont of ¢the cltorn ting oursrent 40 piver by -

o) = 1 C.Qg..._&...e.ﬂ..PQ Gen? | erel346)

A.C. Lpprant povor 4o given by
r eJ_-S 1 e Vo 14 00-(307)
cnd cotivo povor(ddich 4o Q.64 povor nlco)

o) = Voia (:..mfﬁ..] oes(3:8)

2
R (9)
reactivo potor ean ou bo found fren

?(P) F] ‘ ?2 - ?(B)a o'-t('scg)

o 1(!‘} = Vold oin g oot(3c’0’
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vhoro
inff = Singxonﬂ Can )(Z+ Eoc $ ]} eeal3211)
Dircet cuwrent of 1nvastag}2%a
id """‘"""“"""' i+ " C san »%
QJéDL [ oo o0 ﬁ] ven{5243)

Eubctituting the valuo of I0 from F413 4n J.10, wo got

Prw BJT?.‘. n 7} [c g-o | o4 .
= sa o | Seots onfq ing (35.14)

”Iz%b-&a;- [?oosw Cos (5 J - {n {Co; C_:‘_’_‘S,;-—@f}(ﬁdﬁ)

mproonicn 3415 10 dorortont boetuco it rod ten the
reeotive povor with other oporating porcnotors o7 thoe oyoten.

Uou uniry oquntirn 344, wo havo

Coo ff = chS; gmL(S
or Coo( 2 )ea2ces P _cps$ (3.16)
fubstituting 3416 dn (3.14) wo got

Pr = ;{5-%-&-33 Coo8 - Coo g] Bin g (3.17)

Rquation 9,17 civee o oipplificd oxprocoicn for

FONCtAvO POtOrs

= 103 uo oondddor tho varinilon of ronetive povor with
aifforont typoo of lend.
Lot le:d povor bo (P + 30), unlor following accurpltiens
= Locd velliogoleoncts it)

g o Tewor feotor ot invortor ond.
~ef
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g, = Locd pover foctor
B e Tponeforcor rooiotonce (moglegtoed),

b4 w Sronoforcer rocetonco

Lot tke lord by pituated nt tho ceoondary of the invertor
tronoforror cuch thot the renstomee and reolotonoo of tronerisoion

1ino ooy be nozlected.

| Voctor dingron for thic condition 10 chovm An figuro 3.1s
Pron vootor dlagron, “ho powor “cotor angle ot ti o ipvortor ond io
dven by

tonf o :Loinfly ¢ L.X
T TR A AT «+(3.18)

no;lcetirs rociotancoe of <‘roncforrer, i = N
ond cccuning tvenoforcor leokoge renetoroe hoo o Lintto woho
ton f o I, Oin 9};‘ + IR

Ly 600 fy, o+(3419)
Locd pover = D + 30 ~heros
Peletivo oornoncnt of Wﬁf:} 20)
*e [ 2 3 »
¢ L = tan” (%3 | Co» Nenetive connozont of peouor

Coros 3.

(o) Rooirtivo LocE 4.0s Q & O

Cubotitutiry OCinfy = 0
Coo ﬂl o9

Cquec don 3419 bLeconoo

m"lg ] Z.’I

&
ona Hwmly + 3 IR sanee(D422)

0&c00(3(21)
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Tho rocolonec 3 of the trencforcor recninn eonctant co
long no currly frooucnoy 1o conctinnt, Thio o true for oll practienl
yurpoccss (ucntity lﬁim roprecents porcertoge reactancs
of tho tromoforrer. thercfore, th. invertor displeosconont nngleﬁénd
hence ovorlap onplo, io rolated to the porcontogo roooirnce of the

troncforror.

EXALPLDy
Por tho oyotem ohorm in Figs %42 vo ¢i1) enlenl~te the
ronative powcr foquiremants For o ropiotive locd
CGoce 1, Q = 0, 1+0¢ l0nd yoretivo povor = 0 |
let Iy = 1.0 pou.
X w 04375 peue por phoco

o 10°
L o LL #A/I oo saeefron Lons 3422
ton o : T o seafron .qne(3.19)

Uning ocuntien (3.17)
2
PE ] ;g—f-ﬂ: (0006*— Con <P ) Ein ﬁ Dt(Bi‘?)

indotituting tho valuon in {3.17)
Tg = 5.1 B2 (0,985 ~ Coo #) Bic f

Por éifforont voluoo of current v § ond E aro caleulted
£ren cone 3419 cnd 3.22 oné thon Pr 3o found corrcopording to
thoro vilucos Cnloulnted rocults aro tobulztod &n Scblo 1.
The rosulto havo been plottct in pgraph 3300,
Cnra, P
Receotivo Locd = Ilow the wariction of ronotive povor tith loo? pover
foctor will Ue ecnoidercd .
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7he povor lactor ot inverter ond 4o givon Uy oquatirn .18

von f < 55 O3 B ¢ 1%

}:‘L Con ﬁL n.--..SdE
e ﬁi. @ tanf‘ (?) é eevaseiel20

Substituting valuo oﬁ'1¢L in oqn, 3.18, vo ot
o . e 1.2
o L oih (tm (E)B * daiie

L;, Coo [tm"f(%)]

Ton . 53023

Tho renctive poccr reruired e given by cone 317

X
P e --i%;-- (ConS= Coo # ) Ein &

r

PR Lus Doh

Yoking tho oyoten of £igs Je2. with core porcroteros

In thio gaco vo will coloul-to morotive powor for
difforcnt lon? powor footor on” for o prrilculor veluo of currcnt,
Por Gifforont rotic of §, F io coloulrted fro; .29,
¥

fubstituting theoo va uop of ¥ 4n cqueotion 517 roretivo
poer 1o caleu”codedn this coeo ronotive powor hoa boom ecdleuloted
for tuo vnluoo of curront I o 1.0 peue o4 I 5 2.0 peus

Coleulotod roonltp cre tobuloted in Toblo 2(a) ord 2(b)
Dipeses chouo the curve oliowin: the voriasion of reoctive po o

acpme of invertor vwidh ratio ( g)for 10:*;51.
LI

RYPEE
P MY AT

Grorhe chovling weintlicn of ro ctive rewour for 6ifforent

tymoo of 107¢ ernditiono 1+0e¢ vo-loblo rofciotive cn? recotive leséo
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Zhe powor foetor ot invertor on? 40 pgivon by cquoticn J.18

Zy £4- ﬂ + I.X
toen §f o Ei T gx, versan3stB
ot ﬁ; o tcn"‘ (‘?) 3 esvaeede20
! ”

Mubotituting velve °f1¢L in can. 3.18, o ot
L, oin {ten” a + XaZs
b oin fee™( D))+ Lo

Tom Ff & :
iy, Cog [:t::ﬂ (i}ﬂ

Tho roretive noncr roruived o ciiren by Cane 3_«57

se03e2d

P o weilleiine (Cop 5= Coo #)Sin g
r noyL

DRACLLE 2%
Palking tho cyoton of £ir. Jel. with cere parcrotorcs

In thio coco ve wi'l eoleul-to ponctivo povor for
digforont long npovwor feotor o’ for o porddeculor volno of currcnte

Dor Gifforont rotic of Oy £ 1o coloulrted from J.23.
&

Tubstituting those ve uon of @ 4n cqurtion 3.17 roretive
pover 4o colenlotodsin thio coce ronetive povor hon boon ecleuloted
For tvo valuoc of curront I o 1.0 peuts 201 I & 240 pelts

Coleuletod reenlto cro tobulated in Zoblo 2(a) crd 2(b)
F4nesse choio the curvo clictdr:: the vorintion of reoetivo po Lr
dcnen. of dnwertor vddh rotdo (ﬁ)i’or 1024

j‘f

Crorho choring vordnticn of ro.etivo rovor for 8ifforont

ﬁywﬂ of Yo ernditiono 1404 vorioblo roiciotive ond rerotivo lento
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lené to tho ecnclusion thnt invo- ter ncede o ¢ noiderchlo crount

of rccotive pow.r for ito oporntions Dipure B.Bchhomo the veriation o
of rocetive rcvor roguired for inversion{chen locd ronotivo

pocor 40 poro) ao o funotimn of potlive pover dolivered Ly invorter.

It 40 soon that under noronl range of oporotion, in thio eace unte

5 peus, lond, tho ronetive povor dotvnd io not rach, 4¢ Lo only

4078 0° the cotivo locd. Ao the lond incronc 6, TonCtivo pover

derand olco inoroncoo, ond boyo-d aotive lood of 90 peus tho ourvo
bocoreo more otcop ond 4t ray not To cconerdon) to cun 1y recefive

poor at caoh o high rotoe

Invorter, hevover, £y not bo oporatcd ot cueh » hich
lond an? henco re ern coy thot 1C 1o rnot C1'floult ¢ pect the

reeotivo pocor dcrand unfor norcnl rrnpo of ono Ctioe

(o
Turther rore, it 10 corn fron £ir.3.3+ that vacn lead 4o

purecly roocl '¢ive, the rengtive pover omriref “or invoroion 4o ot
conontant, it dverercos with tho e ive povw p conruco” by the lood.
Fhio 18 boerure of tho feet thot viien inerencod curgent ic drom
fron invertor, ito ovorlap “nslo inorcaser, vhieh ip rocpencitlo
for thio 4merocco 4n ror tAve pocory@viph3s b)

In £iC 2o Jeds voriction ¢ potctivo novor dernni for
Snvortor locd powor footor 3~ chomme It 40 coonm thot o lood of
poor powor ¢ otor will rcoaulro more vciwtive poeoor Loecus of
ito mcootaneo i1l incrccoo tio ovorlden cngle of dnvertors. Ldpa
povor foator rocuson tho Cornn- for ronetivteo notor fer Lovorsion
anl honeo roniotivo lozdo ean Vo nere corveniontly curplicd bty

invortors. Cronb 4o plottcl Cor t:0 valuco of 1078 ocurrcnto
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(Cor 140 pstte cBA 2 patts) S0 cheo thot bigh lo22 curront lerndo to

lorgor ocncurpticen of ronetivo povors .

In gonorol, we com concludo thnht 4n eedl cooeo, tho rorotivo ¢
poéor'accnnd ic not bigh at initicl otogoos DBut, it inoroaceo
ropidly ae tho loa? 1o inercascod or ponor footor follos Shoroforo,
troudblo oy coxo in oporotion £ procsuticnnyy meociras nro not
token to oot thin ronotive peter Goronde.
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Roootivo porer requirod by the invortor o givon by ogn.
3415 of Choptor 3

' p §4¥
Pr e el Elon § - conléﬂr)} Sin [6001. ccoS-&;:)oo( 1-_3):_}
N Ly | |

1t eon bo coon that reactive pocor Py Gopontio rainly on
the ovorlop ongle Yr of invortors Thio onglo 40 rooponoiblo for
voarintion of roactive po-or donond for invercion. Thoroforo, it

oy bo deolradlo to inveotipato the offoct of voriouc oyctonm

phranotor on thio anglo.

Ovorlap ongleo depends pricarily on the following foctoros

I) Lord ourront

11) Voltope at dnvortor ¢ronolormor ccoondory.
I11) Rocotonee of Sransformor

IV) Lood powor footors

V) A.C. Syoten Faulto.

= Ovorlap cnplo 40 roloted vith Qircet current in
gesordoneo vith <ho Lfollowing cquontion

o L2 - YY)
14 Y (:0065 Coo(S+ :’]

It 10 oboorvod thot with inoroncing curront, ovorlop
enplo inercoenc, theroforo, for hich povor trencoicoien thic onplo

hao to 4norences Ience roro on r©ore rocetivo pover 1o roquired
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to oodntein otoblo oporation of invertor.

Pollowing rolation ptondo valid for diroot and oltorn ivo

Can( <§+ Z’j]
2

For constont &1 roct voltoge ot invertor ond, a roGucoed

voltogon.

o' ‘jf?ﬁ? [Q_Q_gé#

trangforpor seeendary voltago will hove tondonoy to inorecee

ovorlep cnglos Thorofore giving rico to incrennod concunption of

rCOotive povore

Tho induotcnco of troncforror doco not rorcdt the
ourrcnt in o portioulor phace ot tho boginning of comrutntion to
rcooh tho full vl uo I4 » It tckoo oorcoin tino for curront
to rcoch upso shio wvoluoe %hio 1o roproconted by o timo lag, cnd
oinilorly ot 4ho ond of cotrutation, tho curront of thio proro
dooo net cudfonly dropo to £oroe 'Tho anplo aococdated with thic
log(i.0s vhon tho curront Lo inorcooing to full valuo oné Lolling
to soro), o Imom co ovorlop anclo cnd is yoprocontod by )y
Thic ovnrlap cnele dnorcneco with inoroaco 4n tronoforror reactcneo
co fiven by tho following oquotionsge

03!-2 o J-_-é--}-’a:g-- [coo&- 000(81‘-7})]

Oraph 4.7, chouo the voriction of rocetivo povor with

porecntaze lockepgo r. cotonco of‘ﬁransfozuar.»
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ZTho tromoforror 460 nocled not only fren voltopo
trannforcntion, but for fcolotion purpono aloc. Thue, oven 1f proper
voltnro for volvo 10 ovellcblo, 4 onc to ono ratio tronoforcor
will bo rogquirod to icolnto d.o¢ oyoton fron 2.0 nyotone Tho

tronoforroy ond accoclntol inductonco ic thoroforo unovoidobdlo.

V) LOAD PO, ER B

Lond power foctor aloo contributos tormardo the rocotive
powor doronds It 10 ocoon fron oguaticn 18 of Chepter 9, thot

e —hpn B
DL Coo ¢It 4+ 4l

It 30 obvl uo that & low pocop footor tondo $o inercoco
caplo ff, 1.0e offoet ic to imercoso tho ovorlop caglo ond honeo
inorcoced domand for recetivo powors

A40.16)
4‘;&5}11?211( ?

Yho foulto on nl.0e oyotons in pgonoroal couco oithor
rcduotion of voltoro or collopes of voltoro, voncidorins o three
phato fenlt at tho n.0e 0ido of invorter, the voltoro nvnilsblo
gor corrutntion vill vo docroacods Shio ©ill ko followed by
inorcoco of overlop cngle cnd thuo royo derond of rocotivo pomOrs
Agninot gyoton foulto, 4t 4o Cocirablo to hovo on offcetive control

of ctntie ccprodtor to moet tho oyntem ronetivo povor Ccronbe

I¢ hoo boen ototed ecrlicr thnt for ovory volue, thorc 40
o cortain ¢ico dn chich ¢he prid rocovoro 4to controlling: obility.
“ho cnglo soccedoted with thic $ico 10 knovn oo dodonicaticn cnslo
crd raoprcoonted Ly S « Thoroforo clvanco £irvin: caclo (3 io
rooo up of o porto ﬁ -8 +Y¢
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for cuctoooful cocrut: tion it 4o oncontiol thnat cnclocbie
oclwaye oocurof at lorct oquol to 5

_ Durine norcal oporntion, tho inverters opornto with
oo crall (9 os ponoidle, theredy reduecing tho nood of rocetive

POTICL e

Ap ptoted 4in précoaim porocroph, Dindoun angle § 1o
roquirced to cocure cuccoonful corritotions Thio cnple io about
10° tut ne o ratier of foct, it Aiffors from volue to volMoe In
tho cooe of foulto or diocturbmmeos, vhon ourrent and voltero
of the oyoton oro licdblo to chonpyosthore 10 4 poroidbility that Yr
t11l incrooce, thorcdy roducing S s thoroforo thioc roculte in o
foult Imomm oo corrutntion foiluros In all tho qyctons thoro
conotont (3 control 1o preoticed, the roduction of roeoiving end
voltaso will recult in o comrut-tion £oiluro, if oufficient corgin

on firin; &ngia(g io not ﬂr0v1d0d94d

It bocornoe elonr nov thot cafoty of invorter opornilcn
1o cochiovod by providing o icrccr ﬁ3 ’ anﬂ'in fact lorgor tho
firing onnlo, greater io thio cofety. 44 the pare tico it ooy
cloo bo noted thot grocter veluo of (3 . » ¥Al11 roaquire o lorger
crount of recctive povore € otn concludo, thnt oafoty of dnvertor

oporation inororcos ot (ho cout of ronctive poor.

BaSan G D CC, - oS ARIGITS

Invootigntiono on rocotive povor hnvo lord to the
ponnibili%y'of roducing or oven elininating ronotivo povers It 10
rothor a "provontivo™ mothod end 4o cehioved by “foreod cor-utnticn®
thot 40 by poxmo of chich coroutotien ic ochiovod oven nftor tie

'volto 0 core' on tho tece oido, thus not only foking 4t porciblo
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for inverter mot to concurp rorotive power but oven to curply

it %o tho gyotem lond roquirementos |
Anbia BLTICTAG G B G\ 2

2 KTy
Trs DuOaHinporani, of Unnchosptor Collogo of loionco ond

Technology, hoo cuggested o mothod to roduce renotive povor 2opand s
Uaal prectigo 4o to corncot ototio capscitoro or filtoro on tho
pricary oido {(i.o. lino oido) of the imvorter troncforner or
cltornntivoly o tertiary winding in provided, Upociolly for ntotic
copreitoros I€ inntoed of lino olde, thoco flltors or ototie
capacitors are co.ncetod an valvo oidof{i«os on poeondory olde of

tho 1nvertoritrannfornnr). tha ccproitor vwolf o olot cormat-tion,
roculting in o veduecd ovorlop on 1o an® thie alleding thoe 1 vorter
to oporato ot cn irproved powor foctore 1t ooy, horever, bo mgntinnga
hero thnt offorts to refuce renetive powar oro bolng doeno oime

ee oarly 0o 1942.

rcaptivo pocor io given by
¥r o Vold pin ¢
CCEn s s ConC G’rﬁl]
2

by rotucing Iv covirg in vocotivo pocdr rooulto, uce of

vhore Cop ff =

conrceitoro ond f£ilteroe 10 kelpful in roducing overlop onglo.
“othedo to rodueo mcrotivo povor domand croe otill in oxperimontal
etogo honco tholr diceuccicn 1o omitted.

4471,

Invortor noolo eoncidor . ble crount of ronotivo power to
bo cupplicd for otable operction. Thio ronotive pover 1o coolld
duying norr~l oporotion conditiono but under tronoient conditions

1t boceroc vory highe The apporotus curplyins cuch o gpoct CEOUBt
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of rocotivo povor, othor than a.0. goncrator, oynohroncas
contencer will coro ¢o winde Howowvor, rocontly, oo the gppmratus
cupplying rocotive povor, stotic oondencor{lank of ototie copoecitor)
has cors into ploturos

Ronetive pouos in o olrplo Geds nyntemvoun nlog bo cupplicd
by the ozeiting necs oyoton ot the inverter ond bit in tho coeo
vhere (ho larpoe Llocks of powor are to bo tranoforrel, oxoiting
O«Ce ByOLOD Doy not bo cdeoguato, oztra maacurcd?cupply roretive
pover aro €0 bo tohon thoroforcs Oynchronouo condoncer and otatie
eopcoitor oy oerve thio purposo, proctienlly opocking, ote’ie
ecapacitoro oro ured for conll londing of d.ce dineo But choero ‘he
gonvertor io roted for logso povor, oyrnchroncus confensoro
aro providc8e In procotico, oynchrencus o ndencoro 2o cornceted
to tho tertinry uirding of the convertor troncforror throuch o
doooupling roectors 7The roin function of decoupling recetor ic
to rofuce the ruturl intornetien of the two ceavorter troucforcor.
Sovoral orrongecento of aconnceting cynchronouo ¢cACencor aro

ohowm idn figuee 4.2,

Choice botwoon oynohronouc ecnlcnoore ond ototic consgiw
toro dny dopcna on wony oeonacioal&icehniaal foetoro, ot ono plceo
oyachrencus condencor moy to roro rdvantagecun vhilo etotic
concedtor ot the cther pleocs Donctines 4% oy bo ore fonpidlo
ceonocionlly end techrienlly, o0 uco 2 coobinnticn of (ho both.

Sero cdvan<ozeo ond dicctventocon of cach of thon are %&oted
bolovs
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‘. ! .g. &33‘&0‘6&4\3“}56&1}5; Q‘ A:_,u._;e :;1 24 '

¥+ Cynehronouo ecndencors hove bottor charoetori - tioo
from rogulntion point of vicus

2+ In tho event thon woltu ¢ falln duo to lond incrccce,
tho rogulating errengonent 3111 provido an incrocoe
in tho ¥V Ar ord provent the syoton from ru ning
Ot

3« Looroo in cynehroaouo condencora are porce than in
the cneo of ototic copooitiros '

LaZada phslh OF 56556 Ul b4t

1. Utrtie eoracitores are oh:oner, have cecall lossoo,

and low cont of ororntion.

2+ Loccuso of reducofl overlop engle, rccetivo poter
deront 1o redueod co opyotert io oporcte’ at hich
rower footeor on' bottor utilicaticn of inctellod
coproity ic achloveds

e In the coro of Yor o conceity of etotie capecitor,
tho wnvo forno of volio:;o ir imreved,

4« Invontijotiono cr: being donc on tho poooibility
fo run m invortor vithout any dynrmice courco of
clitern ting voltrro (1.0 oynchronouc condonocr or
ouxillicry pover cyoton)s In cueh o enee, tho
eyoten 4 ran 2% G0 noturzl fromuency ¢otermined
by the ¢ap-eit neo provided rad parcectorn o the
ocycters  weh oyiten of cocurco in complicated crd
net yot rrocticnbleo.

S« Cno ~fde cdventepo ¢ € ototio earneitor Lo thot
beeouse of thoir lrro tiro onrnotort, uner “cnlt

er pu'den lon chompe conddtdi-ne 40 <he 0000 Gyoiorn
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the otatio conreitor ooy cuotaln tho veltnro in

the poried irpctictoly cubcoouont to dicturbonce.
fhioc vi1) n t ollow cudden volioso choangos Inatocd
%t will ollow the valveo to cdjuot thoir Lfiving
onplo sith grootor facility ond roduco the
poaoibility of corcutation follures

In proctical schoneo KLbliliaDl0.000 Lha  JXG8Mh upoo
anly ofatic copcoiton to cupply rocetive ponor.

Originelly 4n Donbooo = Stolingeed Jronomionicn, it
w20 propec.d to inotall cynchrenouo confencer on' ptatdo ccroeitor
to chero tho RVAr rocuired 4n votio 321, connoctod to topti~vy
virding ef raln tronoforcors Tut now 4t hoo toon deoldcd to
uce only otetie concoitoroe Yhin now arrongomont hoe reducod tho
RVir concurption $o 400 Vi o nincs 450 [VaAr for n Yoo! of 750 L.
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The powor tronomitteod over o d.c. 1ino 1o givon h§43)

(hay = 5 ) B4,
-

00»-501&

Pt =

EQnatian 5.1+ chorp thot tho tronordtted powor fo
proporticnal to the difforenco of two d.0. voltogen ot the conding
ond yocolving ords Thuo no povor otn bto troncmittod evor n Q.0.
1ine 1f both tho tormdnnl voltareo are caintoined equals In 0sCe
troncoionoion, the povor i troncritted by wirtue of torque conplo
bottroon tro torminal voito, coe DLy varying thio torque oanglo, tho
porter Over ¢n 0s.Cs 1ino can bo troncrddtod oven i€ tho tvo
terninnl volte, op cre oqual in rymitudo. Thoroloro it boecreo
clony thnt there ic o fundomentol differcnou i tho principlcs

0f Dacs Ond Gets poor troncmicoion.

On tho booio of cnolyoic given in choptor 2 cimple d.ce
gyotcn enn bo convorted into cn ogquivalont oyctom chich bohaven

cirdlry to o 100 ool 0 LeCs Cyoten .

Cyoten civen 4n ficgure S.1. oon Lo rofuecd into cn

ocuivd ent gyoton co chown in figure S.2(b) and 5.2{0). Povor

(12
flou charcotorictiooc of © ciople two ©hchine 0.cs cyoton gro
givon by tho following conventicnal oguationos.

B
,P, o ——-1-2- finodq 4 .fl.n.ﬂ-.. ain (512 —°(1)
‘ g

3



. D2 -
E ZyE
P, = —fe  0ip 2. 4 —-1;3-- pin (521 -2)

/
EH_cnd,Pa denotce tho power 'fron' or 'to' pachiro '

and '2' roopoctivoly, and o< =(90 = @), © o ten X
592 0 =521 = torquo snglo

70 trito the powor onplo charcotoristicn of o G.Cs
pysien reprovontod by figuro S.4(n), firct thio oy: tom in convorted
inte equivnlont n.¢. gyoten ac chotn in fipure 5.1.{b) ond (o)
ond then on the booin of cbovo cquotionns $hoe pover ongle equationn

S
oro writion cpte

52 L, E
Pyw gL Stney ¢ =2 an (H2-%) 5.2
N.&s A gs

P o e EinX2 + =1l gyn (521 «™2)  1u5aSe
2 &y ad

vhore
0<? o (90 = ﬁg)

X2 (90 -4,

It ¢rn bo coon fror ogne (5+42¢) ond (5.3.), that the
povor anglo choroctordintico for puch 0 d«00 groton will diffor
fron tho chorcetoriotico of two mwnchinoo csce gyotom mogm in two

£ain «QyBe

te In c.0e ayc oy rooiotoice éan b reglected ond thuo the
powor cnglo oharnetoristico aocurs o sinucoidal vave
forme In d.0s oyoton dectuoo of mom lincer ceavortoer
chorcotorictico, on 1mgeamneo'10 introducod oané co
tke povor engle chorceterictics will not bo 0 oino

CUIVC e



(A0)

2¢ In 840. Oyoton pover tranceitted 1o ocouol to nowor
rocoived (L0 Fy = Pa) for o loovloco liro, Bt
in ﬂ.c.)Pg io not ogual to P2 boocuoe of loncen

involvod in gonverting dovicon.

To ohnll not de:l with tho oyoton reproconted by
fipuro 5.2« inotcod, oo will ooioido- o combined (porallol aece
ont deCe} gyoten co ~hovn 4n firuro S.%¢ ILquivalont oircuit
cnd vooter volationphip oro chom in Figure S.4 ond 5.5
reonogtivelys Thon both cece cné de0e gyoterno opercte in ‘
pore '10l, the tot0l troncrdcolrn copreity ic divided botroon tho
tzgfmm%oilowing enrlycie will pive tho corbincg charcotorictics

of cuch sycton.
Noploeting the rcoictenco of tho oyoton

lJot b » X, & Xe

The pooer output of ronorotor

g

® 1:,2 ,,lt' 132» - Rala Ty
2

YRRy I +$12) J(S*r"¢)
® %[54 e*-E4Eze° _xaTa b4 ’ (544)

cnd tho pover input to cotor (2)
By + §0y @ " 4 (L, = I = I0.%,)0,

04074

CTRAL UBRARY UNVERSITY OF Re SR
ROORKEE



Z1= 230KV
2448
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0.378 0 378
— ) ——] —> W < - —TI00
7. 54 75J1
3 ‘ -_,‘ob.\{
0.25 [2:200
<V
500 500
750 (6-378) Looal (o§) 751
o- By

FIGURE 53  ASsuMZD fYJ*E.V(’GENEQ.h?Tc\’ TRINS FORM -~
AND LINE REACTANCES REP/?;’“sz/TED)

Zr jypa——

@ .

0 745 7%

S—

£ (~ T

Pr— 2, = 5380
-2

FIGURE 5.4 S MPLIF. LD PARA_LEL AC AND DC SysTEN
TOR ANALYS:S.
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552

FIGURE 5.5 /ECToR D/AGRAY FOR FIGURE 54
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-2 ,
uu-%(i‘) uI!‘L‘Z-IcK' Ea)

2
JaED L gp e
« 1}; 3281 e . ,_.E.:: e_a/ +TaX1Ey€ (S+5)

2

Ap o atter of frot, rbovo cquations (5.4) and (5.5)
are nirmilar ¢o tho pover flow oqurtionn £or £ ¢$w0 rachiro 0.0
oyston oxcopt that in thio cavo acosunt hfiu boen tokon of tho
‘foct that decs 1ino rloo coatributos to powor flow cnd thue
en it 1o obvicuo P, omd T, aro offoeted by tho preconco of QeCe
link.

Eoporating Dol on’ dmerincry porto of ecncticn
Ss4e ond 5.5, vo pot, cotive ceoponento oo
1 - S e -
Py & ¢ |= Coo (90 + 512) LT, = Coo ( Sr =f )10 Hyiy)

or Pyoy E:,z;a £4n 612 = £, Io %, Coo (&-gr)] ess(546)

?2 u% (E.'Ba Coo (S0 -612) ¢+ In X % Ez Con (57'512'497)]

u% [8113’2 Cin 992 ¢ Xf Io Ez Coo (Sv-612 -d>'r)]

™ % [31132 Sin $ 12 + 1o ny Ee Con (541‘6"'+ 4”')] (5.7)
cnft Reoetivo Poet,
Cq .,.1 {B,?' Uin S0 = Lyl cin (90 - 512)-32132.‘, oin (§v- ¢7):l

Q = 4 -
LI D I4EpCoo 612 - Roly Ty Gin (S»—%)] (5.8)

Cicilerly

g o %E}Lg G40 (90w 512)-322 pin 90

4 ]"(‘I_A I.;.nf:f‘_n /g‘y-—S4’) _—(bVﬂ |



(42)

C % E;“::a Coo §12 - Ilg
+ K’IG L‘a oin (57—64Q"¢73] (5.9)

In tho corbincd oyoten chon d.6. line 4oeco not tnlo

ony locd 4.0 IG = 0y thooofore Iﬁ o 0
(I, = KI@ = cquivnlcnt nece curront)

Cubotituting, Ia o 0, oqne 5.6 cnd 5.7+ bocoro

p, o —l2am®12 ™ 015464
Z
B

Pz L) "lé'g"" oin S 12 anc}i?o

vhich oro oquationc for tvo machino f.cs gyotons

To esloulcto }q ong ?2 ond to nlot pooor omglo
chorceterictico(fron ogne 546 cnd 57+) 4t 40 oocentiol to hnoo
tho volueo of 1, endSr « Shoso veluos oon do fourd fron tho
folloming oquati-no dorived 4o Chaptor 2.

0= wBy¥, Con {812+ Py=6D+EAYy Cos (A1) +AEAN, Sl & (5410

cnd
I © Dg¥y 0dn ($-67)~FaVa Sin (S427+ @r=81) A4y G (5419

Ao on onncplo, wO ALY o curo tho gyoten of £icuro 147

an? eanloulnto tho pewor cnrlo eherootorioticos

Locloeting roodotoneo tho pynton con bte roproconged by

puro rocetoneoo oo chorm 4n £iuro Se3.
(1s)
Por convonicneo, o i1l coleulato on por unit bopio

arcuning thd following bace quentitico.
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Base Voltage » 200 KV (Line to Line)

Base Power - = 200 MVA(3 FPhass)

| 6
Bage Current o ~o00ekdleee 4 578 Ampe.
J3 X 200 X 1000

.4 2
Base Inpedence = wm) s _40000
( Ahaae) 200
= 200 Ohm,

Gensrator Voltage, = B, w 230 KV(Line to Line)

Load Voltage = B, w 200 KV(Lins to Line)
Angle of dolay of rectifier < = 10°

Angle of overlsp of rectifier e u 5°

Angle of dnicniz‘sation of Invertsr Sru 15°
Angle of overlap of inverter Yr n 50
Therefors, (A +75)  m15°

=6+ %) = 20°

Cos Z,, » ¥ (Coa (5+ Con$v)  from eqni3 7>

= Owgg’
ﬂr - 17.6°
fiin ﬂr s 03

!
R - Total resistance of d.0. lins = i-(x’-p xr)m

= 148,55 Chwa.



go that

(4-4)
Assumin; rectifior and inverter hcvo :imilar conrcetions

K, w K. = 3\/—_2
v =
K5 o K, - _"_"_‘i.
xS
Equivalont {mpedance of Q.c. line

pt L #r

» ‘ - fron egqhie 2410

Psls  20.74% Pelie
3/2 6 x0.94 X200 facd

E‘ o %‘ w 1,15 psus

132 - %g—- = 1.0 pete

K2 Cop p
- m » 1,027
094

N Ey = 115 X 1,027

- ‘.’82 ”’Dut

On the tosio of theory given in Charter 2, the systen

of figure 5.3« can be reduoed cs syntem of figure 5.4,

in chich

3' « 300 Ohos 15 Palde
32 e 50 Ohma, = 25 peue

Y' - %’:g w 0,666 Pelle
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Ye = "é{‘z‘g ©® 440 DPolls

e = ~5:%gg* o 1s34 peus

¢ oftulate the povor flow fren oquationn(5.6) cnd
(547) vo hovo throc unknerno 512, 07 ¥ T4 ,She voluos of 1,

ant S 12 are enloulated from oquationo 510 nnd S.11. Piros

of all any orbitrary veluo of 67 10 cubotitutod in cauaticn 5.10
othorthinpo boing motn, S12 1o found fror 5.10 ond cubotituted
in ogne 5.1Y from 5.11;1, 10 thon caleulatede Por theso valuece,
corrosponding valuoo of Iy ond P, are coloulotod.

Subotitutirg tho cbovo coleulnted voluoo in cquotion

5410 one 5411, vo rot
0z=-E2Yr e (S124 ¢~

vhich roducos to

~-Sv) +E4Y4CO’)CCPY—-SY)'{'>\E1 Yy Sim Oy

8 Con(5124f8,= Or) = 1415 X 4660 Coo (F = $1)+1.18K1,547.3

Lot(d, "'6r) = 8y
Coo {§ 12 * 6y) © 0191 Coo @, + 0,119 evenoa(B)

giving difforent valuoo %o &y {honeo 9!:” o poleulote oorrcos
ponding voluco of D120 fubotituting thooo voluop of ek ong S12%
in oqne 5.1, ©0 lnow tho wolue of ZId. fron the following
oguationos

KIG @ I, © 04765 G1n 8 ~ 4 0n (81508, )=1451  voealb)

Zhece valucs of Ics end ek aro cubctitutod 4in cnuaticno
(S+6) end (5.7) crd powcr onzle cquoticno thon eon bo pirplified

CO%m
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@

Py = 04646 Sin 6,2 - 0.2875 I, Coo & «.e

Pz o 0,606 E’in%z + 1,% Iﬁ Con (S‘a * Gk)

Toror dolivored by d.c¢. line o oquel to (Pe - P,).

Toble ¥ chotp tho eoleunlated rocultc which hove boon
lottcd on gronh Hete

-0

Povor tranimitto” ovor C d.ce linc 1o pivon dy
thero
21 s Lquivelent reolotonec of reetifier

Z o Totel rocictrncoo of Ge00 circuits
(FqBCon = B aCoc (3 ) vaee(5413)

e

1

dﬁ

Tubotituting for Iﬂ in oounticn 5.12 5
N - . Tig
Py = KTy Goo Iy - (Eq-gCon Kzngcoo(g) 1

z?

Cionlifying o peot

AN 2
FG GK" [(Z-R‘l)(k\e'\ Co’)a() +(Q R», "Z) Kk E),Coo/&, k\E,\CWDQ _ Rq (.K’LE?.CG’-JIA)?-] T

quticn 5414 chouo thnt tho ds.¢v noTor onn to vericd bty czcorcioling
tho control of cuvitehing rnpleo of rcetifior - rd invortor. Lho
power vericticn 1o pocoible ovan if tho tortdmol volt~yco arc

hopt eonptarts In onco 0F D.0.y N0 cuch cothed 20 cfoptoble to

oontrol tho povor cmeopt by volto-y voriotion.

Eoquetd n 5.12 can nlco bo ounroroctd oo
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{iiqig COO KX « B, €08 P) Lyle CoBX  4v (5.14)
Py = 1.4 - 22 5 B B {a)

couction S5.14 ghiovo that wari:ticn of Ge.¢. pover 4@
affectod by the cycten parchetors Ly ¢ By .4 o OF 3,

Ty roone of an exarmle, vo will cdudy the effect of
vo:irtion of G.¢s rowor vhon conidng onl weltepo drope nnd inverter
£iring onsleo ehopgoo. .

o§5264(m
“oliings pororeters of cutmnle, 53
Lot "( = 20°
(- 30°
132 = 207 KV

, ; . Coo 20° v 1.27
iy Cooo o 2Z-

(it Goo X )2 & 162

Zyp = = (Coo 30) X 200

e 239 LV
2

82 m 5,700
5 a 148 Chrice
B‘ (3 7’ .5 Oth.

( = "-?1) v 765 Ohroe
(2!*2' = D) & =

Pubstituting: 4n . ene 5414 vo ot

Py = -?-}5 (.0124 "';" - 41935 3y + 4TOMT.  eees

(. Zere -4ic 1n &V)
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Caloulnted rooults are <altulnte’ 4o Soble 2 « Grorh 536
chovn the voriciion of d«0s po or vhen cending end voltoge follo.
e 1t 1s enpocted {trancmitted pouer alco rcducce conoidorably.
Anothor rrarh S.2¢ phouo vorioticon of CeCe pover with 1nvnxtex%
firxing ongles The pover increngoc with firing (nclolable 2 b).
5,5, LiDIC. G JATI0 OV AeGe iy o@e 10 . Le. A GIViii STATIC. .
1700, Wt cﬁréﬁgggu

Cno of the covoral methodo to moot the roective powvor dorand,
i to inotnll tho ptatio cepacitoro o tho ge.cs 0ifc of "he invorter,
Thero tre . Yoted to Coldvor tho roouired cmounﬁ of [lVAr, if ¢ N
eg*etio eonreitor 4o rﬁto& for o r-rticulir volue of curront, it vill
£cil - hon cuvront enxcoods ito rated vnlues Thercfore tho syotom
~ 411 tecore unntoble on cceount of interruption of voquired RVir,
cuurlys o will ¢ ke hero © oirmle cone te find tho lirdting
rcr10 Of CeCe O CeCe pouer for stobility of invorter. Concl orin.

tho folloning cyoten rith pgivon copurmtionote-

e Gomor: lor Voltorg &y remaino oonotonts

2« Lord woltore Be vorios to take into eccouri the
lood fluctuctiono in the oyotohs

%, f)torneding curront corroonon ing to ¢ particulsy
go ting, reeninc gorctanty %hlo currord eotting con
to echangod by reculating eouldrront.

4¢ Tord ir cltuntc! oo tle invortor <{roiacformer cocord ry,
as reeh, to uce-lee” tio Lino Srrcdomeo.

Se looictonce of ho cyosten 1o nerleoted.

Pollowins; rolaticno tdl' L. ucofite

I - .Jj?‘:___ ld ...-(‘5;15:



(4-9)

Ia - )% {Go,:é - COEP ) seesTelb
pPOIo

fotive pover Cron inverter i = Js E,1 Coo g ves517

Porer focter ot 1lo o.ce. olde of invo. ter

Cos # wd (Conbs Copf) +ee5,18
Q » l'caetiveo pover nceded = fé L,X ¢n ¢/ 052519

Cubstituting voluo of I, fron S5¢1 in 5.16 vo got

AN JU
(Cop 6w GOO(B) ™ &_gn . 7T 1 0045420
o
iet
S m 100
Con § = 0.0840

Heve veriati n of nover (cotive n " rerctive! will to
raloulnted for conrtn < wrlue of altern tive ousrront 'nd varying

reoelvirs, onr volto: ¢

fer
1)/1 = 50N Acpe,

XX K00
CoofPe Cond = L2 ETLE S0
{5 B, w0
Coo = Con 09045 - ........E’%. Lydn KV(L-1)
11) for I = 400 frno
Coo (> = tocS - 15 £ L X 400

J5 % £x 1000
L 09348 -

Lo

114) Cimflorly for I e 30D Lmpo.

doo (> 9848 = A0.1.
g
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Oclculnted vnlues b ve boen tobuluted &n Soblc %,
“ho r.oulte have boen plotiet in gra~h S.4.

Let ntectic oapaoltor Ve rated to deliver

100 V.3 nt 500 Aoplrens

P = Active povor dolivered by DeC. Link

N e rorctive povor required for inverter.
Lood woltoge e 5, = 200 IVy X » 360 Chrise

Prom (rarh Sefs 8t 200 &V, § & ton f =,53

¢ e 27.8°
oin ﬁ' = 2466

TVA o {% s LI ® Dy, by 2C,
wfy

12

¢ ;Qﬂ.m
® 585 X 3
Sv85-%-3
Cwm ‘ﬁgj“""‘ w2 5.7 /'{ e
24l
As. Yover in pdven by = .....%.2.. an §

Uaxme aGe PO or ot 5”, a 60°

. 6
230 X 200 ¢ 10
® TTYTY 300

?&0 n 51.% [V

2 = Nonetive Pover e 100 LVAr,
ond % e 0.53
Pe %“0.‘%')‘ = 180 UL.

= 3‘640
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Annlyolo of par:21ol Q.Ce 0N CuCe oOyoton 1o ¢Lf{icult
crd tico conounings It involvon tho cvaluntircn of ceveral unknormo
for ¢'¢ valuc of torquo ongle i+ cecorcanco * 1th oguation 5.6
ond 5.7« A cot of porer oanle cherccteriotics 4o nlotted

accuridng orbitrary parneoteros

It 10 ecein £ren groph 5.1 thot novor dolivored by
QsCe linc 1c only o ornll pertica of totnl lord, 1ajor portien
of o lozt povor ic dolivercd by Ge.ce line « It 10 obcorved th ¢
otendy ote’o otodiity licdt i- ro-ched ot ato 73° torquc orglo
th ¢h ir leoo ther “ho lipdtin: vl © of torauo <nrlo irn ¢enro of
O puro 0.0s oyotors Lo for nc the porer lovel 1° conecrncd, it
¢ hiphly dnep cocde 1If ve compo-o the pooor of porcllel Cece cnd
Ce0e pypion s ith ¢ cirilor oycten 0 vhieh 4,00 1ine ic rerloced

Ly fete 1Inc, t0 “ind oozicun po or i Gece 1 roml-ced L) feCe

.13.,.'» -
o == Oin 542

[a1s 1
hero
ch. 12 tho conbincd recetanco of btot. the lineo
Eefb = 0625 + J—’-g’i ¢ Ma25

= 1.125

0
. .in ©
lexdrmn poror o in 30

1.12%
a 1,022 peue.

Ceoporirg tho potor im both cccoo, 1t "0 (eor. thnt hen 0.Ce
linc i rornlleled b adecs ldno in tho cyoten, vwo.er trorcoitsine
concedty of tho oy:ten 4o inercnced.

Croph Ge2s Qlovn tho vord tien of da.0. rover vith invertcr

firin: noloe It Lo scen tiat d.0. roTor Loemnces citrrly (ith
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firin' taglos lowewer, 1t com Ue noted thrt <hin will be 7olloved
by cr dnercoced demn? o rezctive povers Thuc L€ cnfficiert meano
to ounply recctive pover are rvelloblo, f£iring angle con te incrcoced
to rodro Ge0e povore Groth Se3e ghown tho offect o7 falling the
cending Und vollages The troncritted pover clco drons deotm oo

1o inflented in tio rophe Tor o rivon cepreity to suppl; recetlive
po-cr, thero ie o limiting rotio of de.0. t0 cec. pover, chich con

bo teancnitted wditheut feilure o Anverter on ceecurnt of imterrunticn
in vooetivo nowor cunnlys. Yhic cotio hute boeen caleulated in seetion
SeGe
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Laisolain, w B
(2 \S16)

Gada dsini bl 3 a 10

tudy of oynton ctobility io iomortant £ron the point
0o~ vic thet 1t givoo on 4ler of ¢re oy ton Dohaviour unler
otnormol opceracing cwmditionos. A-peeluted convonticncl termo
both steoty otufe v troncd: ot otoabldity Love to b plvon Gue
concldoration before Copddldn o cudcebility of o prriionlay
oyotetie A Bricg cdsou clen ©ill bo rofe horo rorarding the
cLobility of porelicl cafe 0 (w0e Cyntors
41, 12.12,14,15)

‘il?l k. 1{__441g __“4 2, 8 4,:_(;5_

“he effect of opcrnting d.¢e trrmrderlon live in
7erallol Ath neCe OYnteT 00 to 2een £ren rrorh Gate thie 0 the
o cr onplo chorootordi i of tho corbircd oy-ter Move U oen

Tiotted.

€ vo ronlres {he Ce0e line by o Uine cardlce to thnt
of nornlloled ra.0e lino rnf oyctes 40 - te Lo upornit o o Joullo
Clreiit naCe eyoton, (1o ROV e (le ahnrcc{wimma of thin
ayeton i1l Y pimcoldnl in vintero{ncplceting: roch t:méc:) ad
tho rr:ﬁa;n rteafy otate poter vhich ern Lo terastittoe] corrorponiir.
to torgo unrdc of 9ﬂ°, 15 pdven by o woll mewm rolotion

o L4Y2  ineo® Labotitutirc the vodnop

11
Ca%e - g e TXAY peres o
- o e for porrllo) Uatol.
’ L5
o e———ttld = 1,022 poue
1.2

it &0 oboorwed Creny gortdne! ohnrccterictior ¢ xann
Hete thrt ¢he @ ~gicuan otenfy otnte pooore $rmneritte’ Uy ocobired
cyeten 40 34040 rop vnit -hdeh 40 hich encw A in eormordcon €6 the

o

roulae noo e tranzoitie” b oo aovile 6dreit ae.Ce OYitots  Lhin
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conciderablo increace in cter 'y oirto power limlt goes in

fovour of ucing o d«cs 1ink in pornllel vith cece linee Shis
incrence i+ poxr moy be ue to the fact thut urliko oeCe Bynten,
the torgue cnple doop nmot affect de0s powore It io kmoin thot
d.c. pover dopends orn the volinge difference botween the eending
an’ rogeiving ond, cnd can Lo incroased by the increncing of the
inverter cdveove firing oangles Grorh Se3s of Chaﬁtcr 5 shorn the
ofoct of variaticn of inverter firing anélo on tha GeQe DOWODS
Tho otability urdor oterdy otote orm thur Lu dncreuced by
oxcercioin; the invertor co~trole She linitnticn corcso only due
to reactive povor rocuirerments. xperience in moot £ the G.0.
projoets hao choom thot inverters can be operoted ﬁpto . firing
engle cf 60% Hence g-ite o £ of enount of G.0. power cun be

achievod.

Horever, ro indicnted i pro~h S.1. the onple at ~hich
the etecdy gta o pover licit for rn perallel cece.f.0. eysten ocours
1 rcduced ond 1o obout 73° in thic casce wherczo 4t wac 90° in
tho cooe of a nimnrlo 0.0. oyotens Cidn decrence is not objcoticnnbdle
from stobility point of view bockuce quitc o ¢ od amnount bf
powrer oo bo tronemitted by hiving en offective control of inverter
firing. It vdll rot bto ouporfluouc to cay thot in d.c. sycten
invertor cdvanco firing cngle corvcs the cawo purrone oo torgue

n;'lo 4n c.0. syotengs

“hen deCe poOv T i incrcoced, terninel volt: ¢ ¢
invorter cnl terndo to full en thore coroc the nced to oupply
roro ro otive rover. Yhorefore it onn bo nnted ho~e that in
order to 1 prove oterdy stoto etability of o partllel QeCe CeCe
nyster, on: cdequatc amount of roxcti~e womar runply iec necoscory.

~ynchronour eonfenccr or ototle capreitore A€ ond ¢, thelr can ity
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anorenceds Thic 1¢ ocquivaolont to reducticn of coricg
.aguctence 48 oo of neCe DYBLOLS.

(213 14187
3

I TH PN Y

WIS WA

Unliko 4n oeCey no siople mothod such no equal oroa
eritorion, to find {ronciont power limit, ic applicable for
dsCe trancrmiceion. I¢ ip thorefore fifﬁiéult to prodict thp
crount of power tha* gan cucconofu’ ly bo trancrdttod by o 8.0.
links Turthor, thoe power enrrying conceity of o de.ce link
10 1imitod only by the thormal roling of torminal equipnents.

It hne not yot beon wnoocible to pivo cnolytienl
exnron ien {0 onanlyce the trenciont tobl ity limit of © wornllel
LeCe M’ de0e ay.‘enes 1if t.0 0ir-1ify the ocrprocch o' 6 curce
th-t 1 o psrallel cyotor both .. 2mr tace Yink will oporate
iniopcndert of creli other, "0ll.win; cxnlonotion ean hovover to
‘dvens In o corbincd syctem both Q.0. Cné ¢eg. linko arc choring
loc’s Poror onglo crerccteriotiea of cecs link will be cimroddnl m
frez cquel npen eritorion, 1t con to found out ¢het chot 4o the
travciont pover 1ind$(P,) for a.c. lirc for ir4tinl jover lovel iy .
(+horo ?, 3o ¢ pouor dolivored by Q.¢e 1ine in o cobbincd oyo'cn)
It ooy o prte’ that lovor tho vaoluo o ra, groctor ioc the tronmdont
otedility hecrumo torque anclo g¢odta, (6 ),han ot 4hon roro riéo

vrnee of © Ange

n o.0v cycton tho roatricticn on tronciont otability
1 o ooel becouco higher in the inttied povor, caglo .§ hnp
loocer rany o of cwing rm poro ohancon for prehinco to ¢n cut of
ptope Zhorefore in ordcr to caimtain otoble oporntion undor
tranciont con itiong, it ir decirable thot initinlly ne0e notcY
1cvol in ‘ot low end d.04 4 ciwen o lerpor rortion of lood to

L3O
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gt roe mfor cuen conditicuo wnen Anitin) notor 1l.vol 10 low
17 ‘he-o comro n guiden ot inerc ro, the torgque cneleo of

NeCe €72 ¢O G711 hrwe 0 Th0 Pon(® of veriaticon to nsot'th&o
inerocee? locd, Choreby redéueing tho chinee to looce piability.
fren (resh Se1e of Chaptor 5, tho characoteristion of ncrallol
o0 0N d.0e oyoton, d.on that Gecs 10 telilog only ~ sralld
nee'd. N of 1008 cnd post o tho lerd 40 et by tho de.ee line . °

th'o koo tho nyoton £oro otablos

S (1)
by "- .5. Q::I

A AR TR YR SR I Y (O

A pyoten bohaviour wnidor cult gorditicns cru bo tutled
by eoncldoring o tlux cwphnoo Coult on tho e0e 1ing, of roccdving
ende “he woltoro ot =ho 7 uls point rofuces oot tronsrdtded
2ere > Aronss  Lels ponoP 1411 bo roduocd conuiderably on the
rycten oy ton’ tomnrio fnatnbilitye ILocouso of tiv wefdugcd
volinre 0t dnverti? ord Cece nOP 411 cloo Lo roduecd.

Jorovor, tho Gece momor orn bo rndnteined to o higher 1ewd by
controlling the ¢ Atachin: ouplc of invortere Vori-tica o wnowor

wdl dnverter cvdtehing cnglo 40 chem 4n Fisuro 5.8,

Pl B Ll ol o YOl i 908 duciin ol Selle oo UL

-Q.‘."‘d -L.z"’af-'&

S0 chall nes oecanddor tho e£7cet 07 PreceLso of Qe
1520 (0 Cene £U3¢ curpent thed £ £CULL 0. QUPD €. tHC Ce0e
e e & vo:fcg" e oo dn finpo G.2.  Zhe fruls Lo fod Uy
o ou et froi: Ge0e Aiflc, gon potor o2f ototlic ooncodton. Sho
Tight o -epticn fo 1R "zalde Joco not offoet (ho oroldycin ar”

henoc 47 eon be nosleoetefls
triting oruntden for carrens 0% e o T

L . E -
[_@ '3'0 e ““J‘:“"“’" :;E-— - 61
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noel oting rosintence,

;Jt o );' o 32 ] Xa

| Lo
f =g T A (624)
aX ¥
1 .JQ

cqu- ting real an’ ivacinary ports on both tho eiconie

““‘ L)
. .. . ggn5*—" I
1 emﬁ,-g‘l jars ‘ & .
2 o JX,' 31{2

Kol ola ff # Xp¥y 06 1y Xy Coo br = Ly

__ AR
9 X4

-65212 dn g+ E1 X

N

!

Coo bym (1 + 22 = ¥, %)
6‘1

e

1

~ X1, e;n Z + Lyky Con 6: p Ui Ao T %5X,)

L2
Z o
- Ry 4 Coo or = Ry ¥p Ip fiin g (6.3)
Ry o Xy =Xy X, Yy

fquatin  ronl parto o7 oquaticn 6.2

-

I, Coo § ¢ .:21_ oin Or =0

g _
Uin 5y n - .31!.._}.2 Cao # (6ed4)
-y

Yo enleulnte foilg current, 1o divice eqne 6.3, by 2{2,

1
(eince fcult or-vent @ == )
‘2
foult current

! "
4'11 L 4 32 - ?01&’32
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Cqurtlon 6.5, giveo tho “tult current +4th Ge.ce 1ink - rocent

0f Ca0s

Penlt curzent ©itho ¢ de0e Link{d.0. Lhon IQ = Q)oi 1

Tpe @ 5
£1 -
D v e6.60
h‘* XQ“‘YdK1A?

*
-

Cormaring equation 6.5 and 6.6,

(Iﬂ - Ig) & {foule enrront vitheut Qe0s = fomlt evrvont
t4th (140 Q »

-y Ladir & - ot 2
. .13 “"4 'a 41 C:E 87 N ~{§zp- in ﬁ
2‘&1 s {&2" . et«‘-* xa

P {e we (! h I S A &%
:,-1(1 Gon Sr. n &Llns?! (6o7)

”:a‘“‘”"a"?oxgi""a

‘:Q‘F’ % (J.n - Ff) 7 0
Thin 4rdient o that £t ourrent 4r redueccd vdth tle cPoolece
1link .

"womelot wot o acoupme thoe follewin,  gotem on chetn A0 “rure

‘1 thoe marerete a Lo givens

Acouning by © %ﬁa cre pirely iovuetive
i:' = 1415 peue

Gq = 145 peute
152 o 0-25 Py
in ;! o 05
Con ﬁ -] n.955

.c = 507 ,UF
“roquenoy o 5N G/
Yc L f).3'}f§ Telle
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ang = 314

De o 518563 30°°

1
314 X 5.7 % 200 2 %

U °
O~6

: C‘)C = 003‘:’8

YO =] 003% PDells

T

Proo oquetion Gedse 0i- S¢m ——J'E;a"’ . Coc f

o "¢245 Ea
TUoing ocoucti-n 6.7 0 enlouvlate
1o (1=Coi: Op) + DI a0 ff
(gylg) = sy =y -
Tt 2 a1v12

[ 54

vubrtituting valuen,

. . 1,1501=00 BY) - 1,6 ¥ 0.3 5 42
gy = Ig) = R
) 1
3228 (1 = Co TY) 0 w8 2
2 016

Colguleticno bovo bLoca ondo ger $he comurod oycicn cf fijuro 62
Tomadtn cxe talo1%¢r in $nble 1 on plottcd om creph 6°1
It 4c coen that oo evpront in deCe iRk irercacon, 0ore ruéuoeti n
1o foult on ront L0 obcepveo@e ThiC 10 i foveur of oabing

Latorecancetiono DY Cece 1NN,

Voridng wrineiplo cad fuulfenontel rolaticno of invertor
(1218)
opo-otion oeon o forcos in roforeng:Cs.  Leovovor, it <ill not to
cut of »lre0 to pive hore cone oodion’. forupep Gno to vhieh

4-otehilidy of inventor earcs Lo ¢ho picturo.
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Ch. oporaticn of rootdfiors 04 oo rrllo predier then
on® civbc #ico 0 invorcion proscoce -ho poter 4- thio enco
10 £oQ "rol Ce0e 1400 0 0aCs nyﬁfgtgyrov;aoa thot the propor
oxedtation 00 Ce0e ond d0 availcbiéi huo, Por oporotion of o
convortor a0 invortcr, 0.0s cupply io eooontinl. Lluring progocs
of invorsiov, iavortors nocd rocetive pouoyr for cuccopoful oporction.
Lecetive poto - voquirencnto for dnvoroion hovoe hoern diceuoced
in Chantor 3« Uooider roootivo poror roquiroronto, firing cn;lo c?

9,\b
irvowtor nloo influecncoo ottbility of invorto . lopenderoo of

¢t in Chrptoy 4.

Pron ctcl 414ty point of viow, 1t con Lo oin dencd horc
FRIAY ﬁﬁxﬂng norral omoraticn dnvortoro cro operatcd vith 2o omnld
£irin cnplo oo poooidlo o koow the reretivo povor doinndgo €o
o rdndrune  “ho oporatling onporicngo 40 a0 pro.cet hh ¢ 00T
tht o c.oitehing ocnglo urto 60° crn by ccforinbly reecrroioted ir
renetdcos A g Ateld o carlo boyoud 6o° civoe rice to onecorively
hizn recetive povor roeguircponto ord thoro 40 poceiblility of
invoroion inntability.

(
Thoro 40 oloo liritaticn of cipirun velne of firin- :nglof)

ton firdn; anle follo beolow $ho cdndcun vrlvo of abteut 1o°.

crid loceo control (nd co dnvortor folils ¢o opornte. or cuccoscful
opo-otion of idrvertor, thin rdnirun v2luo of £ird rmrlo cheadd

b lorpe eaourh ¢o allew tirn for propor Coienicction of the wlvo
before ¢ho rert eyelo of operation otordos Ocrorelly ¢ho dodenicoticn
enlo 10 cheut 7°to 10° Aovonddny; on vartiouln;f;“ valves Ler

ot Lo invertor onorction, 1< 4o cccontinl ¢hat thio cdnirun voluo
of msle 40 ndmyo cnonred o ¢ht rpid ecntrol io offectively

CReo gArofe
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o typoo of oentrol, n roly conotont ourvont on.
conctr ¢ Zirics onple control ore uced <o econtrel tho 4.¢. povor
flot: 4n the 1an$22g§; tho cynton vhore conotent firiny onclo control
i usod, thore ore more choncosto (ot inctobility, bocruce in cuch
typon of pyntern for o lotd flow ot cono’ont voltero, firing anglo
io fizcde If Quo to inorcoce of lend current thore in foll 4n
voltoge, both the ehronpoo vwill tond ‘o inerence (ko overlap cnple

Ao o rocult Goieminaticn uncle © will deerence nocording to £ollewing

1atgm (5 - S.Jr‘f

unfigr norral coniitiona, the fluetucticno in Ylnru eall g
nonnibllity of dnotedility con o ifnoreds 4 v Loon rhrwé‘é)
that fuo to pevorrnl ol invortor thio engle ic chonped ond
otebility poobleco oy rrice thore’ore.
AR SV R CTRNIFUN DY SRRV & ST RUPCIR SRS SUTTPOTI ,515.) chie cionlect on

cozdcnt voy to wrevent fallure of invortoro 46 to provido o lor o
v:iun of f£iri.s; onle G’cuch thot celoniintion onsle 5 nover fclle
below tho volul roouired for the volvoe to et deioniced btoforo

ho noxt ayele of operation otortes Of courco, thio rothod givoo

2 lergor concamniion of recetivo pover but tho £241 re of volve

1o provontods Creator 1o the Liring onglo, core ic (ho por2ibility
of n vlve (o r<cnin otchble undor tronclent lon? fluctunticno. In
otlier words tle cafoty of invortcr opcraticn io ipmroved at “he
eozt of rercotive nocere

—

e Qadi Qo

On the baois of dicounsions corried out in *hip chepter,
o oon €0 .clute thot te
1o tecdy ota‘o pover 1irdt o o pnrollol a.ce on’ d.cCo

nyolen 4o ruch woro hi o th-n the gyctee ithout
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GeCs 2inl: or tith de0e 1ink rcpleccd by Qsce 240k
0”7 tho Coms cannelitys

2«%ho Corguc cngleo ot chieh tho rogdiman po o 4o o cexbined
oycton oo0oize in lecu than e9%,

Jeorannicnt ptobility con bo imrroved i de.oe lino choroo
6 pojor porticn - € londe.

4sCoro 1p initicl d.0. po.Or, poro tronoic € otobilisy
ic improved. In othor worio,0.0. pover cets oo *decning
dovico' undor tromcdont eonditienos Thorofeoro 1€ ©dl
be holnful teorp8c otability 4f£ deos 1lire &0 ordo tO
ohero @ lerzor portica of lood.

Se.lopper oorioity of ro .ctive poi.» o¥nllchlc, vitl oon
¢ nore ctablo oyo’co.

CiUater fcult ornditicas, oo hro tocn cocn in cceﬁicﬁ
6e5, 17 Ceos linkr 40 proront, "o foul cur- cut &0 roduccd,
Todc rocugticn ¢f "o le o ent boeorco luprer crd lagrow

0o 7607 JOlivore” Uy deGe 1110 LPOYCICO0.
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oo 0f Chu radn odveniooco 0£ Corbincd Cefe 0NF Cole OYOLON
on Tho brols of woph (060, cro listod horot

Ta iognllol 0.¢e ond d.0. 10 ihc odomdeot for of oyston
tornrde Intorcenncoticns In o oyctem, incortion of only
cno de0s Il will fornm thin u;f,-x}t:cm. It doco nct
irvolvo ruch ¢ont cloo no vould Do noocouary 0 eCavors
vholo of tho orictir: gyoten 1090 QeCo ONCe

2o Yo o406 oyctoro thioh hove difforont frogroneioo
eonn bo dnteraonnectod by clonu of 0 deCo t8c 1irg,
no dets €3¢ line 4 chmoargynaeivoncus linke o £rcavcrey
@ifforcee eo not ot o, ho o |

3o It 40 com fyon poror Plow ohnyraterisrtic of © - 7nl1lel
cyoien thntg 40 o dyce Mnl 40 drncorted fr opru3le) vith
CeCe linl:, ¢l no-er rogoived ot Mo #ooedviie o0 4o
inercneef highlys LoDlo Bolow pdvee nogon rertive
otudy of vogmirae ~ouor teonccdite” for diffeye © tymi o

of 07 ECC0.
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It 4o obvicus thot norvellel (conbined) a.c. e gysten

will incronse ofondy ofinto pewor lirdt to ¢ pueh hicher level.

Thio e’ . incrocee in pover lovol w s not r~onciblo by n.c. cingle

or doublo elrcult cyrtons

Qe

Se

Under tronoicont confiticns, tho cffevtive control of
de.¢e poror flov con bo cmployed to roice otobility
lirdte “hin ip beecuce of the ‘cet th-t d.0. pover
con Lo chonred more wrorptly ciocnly P emecreining
the oortrol of firin; an leoce It irc clco noted

thot croater tho initicl Ge.0e nover, mero lmeroverint
dn ptebilddy 4 obrerved.

In ce¢. intorcornectod cyotens the {oult curvent
inorennes no nurber of intoroo nceticns ‘nerearcs

vut if © Tyce 1'% 4 introduccd dn o ncishbovrhocd,
tho £ralt current in refuced. This roduceticn in

foult current ic yrojporti nol to the le din: cf

(«Cs line.
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In tho work Gono, on attompt hoo boom prdo to dlocury
roro irmortont occpecto of de.o. tronsoiosions. A briof surcory
of brolipround cnd preoent ototus of tho problon hoo beon glivon.

A pothod boced on tho thooxy given by Pre Welloripgoro of
Qlootrotoahmieal Iovoratory, Jopon to snolyoe tho d.ce eyoton,
hro been cdopteds A partllol oece ond dege pypten hoo boen
conoidored and onolyticnl) cguntiono hove boen derived for cuch
o oynton.

The roeetive povor roquircronte of invortors vory with
loz8 conditiono and oyston porarotorns. Dffocct of varienrs gycten
porcrotors on rocotive powor decond has boen otudlod nnd i€ hoo been
founé that Ebr'laaht lordo at high powor foetor, rcootive povor ie
not convidercble and com bo onoily mot by tho gyoten but chon
invortoro have to bo roted for lorpe novor cnd load hnt o poor
poer factor, conocidoroblo coount of reaetive ponor 1o noeded for
cacocaoful cyoten oporoticn.

Difforoent rothods to root tho pocetive povor dorond clrerdy
" 4n uno, have boon dicourcod for comreorcotivo ctudy ond cuitnbility
unieor éifforent circunctances, D.C. pomor flow hn boon ctudiod
urfor difforont conditionve A noyrollel n.oe ond de0, oynton k0o
teen tnkon an on orernlo ond 4to povor anglo sharceterdntico howo
b @ enloulotede The poculto obtained areo of vital irortcnee
beerugo 4% 40 ooon thorofren that vhen on Gece 1ine 10 parnlloled
Dy 0 dets lino; tho poror trancrdroicn ocanceity of o cyoten ip
inercaccds Iirdting rotio of a.0. o2 Sece povor for otobility
hoo boon eclouloted cn? it o obocorved thot in o porrllel gyrten

DeCe toltco only ¢ onoll portden of locd vhicreut ¢eCe 1ine ch reo




o cajor portion of lood.

Otadility otudieon hawe chornm that gtocdy otato povor
levol 1o inerecoed hipghly by paralleling cece lino with d.c.
Iinp. tut the lindting value of torquo ongle ie looo than 90°.
Lffoot of proconce of d.0. lint hoo boen enrried oute In o oyotom,
foult ocurront incrcacoo o~ the nurbor of nece intorcomncotionn
incrcocess If intoreornecction 10 rido by uoing o deoe link,
then for foult ot thcllona,tha oe¢s foult ourront 4in reduceds IThio
rofucticn io proportionsl to the loedins of deos dino(dso. lerger
lood de0s lino cheres vore io tho rcéuetion ir necs frult currcrt).

Zhere’oro concidoroblo irprovoront in otability 40 ozpocted.

Stcbildty of invertor hno clco boon diconcne? cn! 4t
io found that for cucceseful ororation of invertor thoro ohould bo
cdoquete supply, of rocetivo povor co woll oo dnvorter firing
nncﬂo(3 chould not £0ll bolo:' o cortndn voluc of ansle, roquired

to dcioning o vrlvos

Studioo pde horo are dmsortent “ror thio point of viow

th~t thono chow the rcculdp in foveur of pocoidle ueo of o
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Adersen, Ce¢ ond Dingoroni TeGe

Mich Yoltego Mrect Curront Tover Tranonicoion®
{Dook), Correrny, London, 1960. '

Foinbers Ney ldngoroni ©.Ge

"Lagio Thoory of Cporation nnd Control of o hevatece

Yover Crrnoninolion Syoton cnd 4to Implecontotion

in a ogotom Annlyson”. ,

Pro0ce leiis' « London, lerch, 1962, lonorroch 0. 5090,
Gevorilovie A., “oylors
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