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8ThOP6I5 
The h,v.d.c. p&Ar tra sida51 a is dauttats 

sccn dca ed efficient as compared to 1*. v. a, S. power tram• 
tdsstcm tar trsnaeittthg large amount of powers nor long  

Slat ►st, Cspantive oslau a'tions retsfliag the advantages 

+ h v,41, power trEnsm .aston as against sono have been ailed 
out on t e a lines. 

Talon +mswr thg devices available have been 
discussed and it has been established that apto the present 

stage the gridodontroi.led mercury-arcs cui  en are the most 
satisfactory converting devices for converting lane sotamt of 
powers, at high voltages, because it can vest both as a rectifier 

or as an invertor sattsfactortly. 

The econcaicat and efficient range of doe, 
point' transmtssjst depends upon the cost and effictercy of 

convverti g devices along with the amount of poor to be trans!njtted 
and the length of the transmission route#  

The cost and efficiency of the conve,  tir°.l equipments 

largely effect the limiting distance for adopting It.ved«c. 

Psi transmission, Detailed cgtcalflions as regards the effect 
of OOWOW In cost and efficiency of the coanrttn cqutp ,sits 
an the ltmitirg distance for adoptirg h.v.d,c. have been carried 
ort, 

04)0 
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Tb. !tw it ElectsioaaPawlr begins with 
die m ets Str The first eloottical power sense the 
caivVA403 t$ny, delivered  deed sd the Urst ISnemng 
system win !+d either from batteries or from 4040 . ,gsnrste si 
or bflh Is seStastico. In 1t*O9 ThaWfotad in 'Idisaa• 
Lxbearsieft" et Dlstsibntioa# by putting loads in parallel 
s1,05s pmstsist alga Mane r a method that is x*v tint. 
sal, This System was however working e IV v.d,e, oaiq, both 
at the gyrator and load ed# toe, however, a.s. superseded 
d.c. in gsntration, transmission, and utilization of electricity. 

Why did a.;, gain such a predominant position? 
The answer is • economical generation of powCry easy Volts 
trenstbrastisaw staple and reliable motors1 general flexibility 

Of US system and so 4O. 

the dewelope+eat of s.c. paver system began in U.S. 
in les$ sheWilliam Stariln,, an early nssfSete of restinghouse0 
tested first transformerand Westinghouse hisseif brought the 
Asericsn•Pattts covering the s.c. transmission system,, 

the early transmission lines erd motors were single. 
phase, Soon the advantages at polyspMse systems were realised 
and there was a switch over trot singieephhass to polyphase 
systems. Thereafter, the transmission of electrical energy by 
s. c. (espesielly Horan+ ;a) gradtstx2y repined des* systems* 

•n moss isnetstor is a 5 lfl dniot thins 4oe. 
geerAtwo Mites scented also. with • bias, witago Of 
tx d,soteat0 then an IMM lasses in the Sir, end s, alloy 
o»a ssettos Of the Looe is ended, $. qac at teem San 
rlrstm► toe' the only sa.pts. at see* trssdesion was tb 
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'trnstsrisØ whisk ask" possible the tseadasiea fl 
sleetple4 only at a Foliate hl!t4e tbs the V Oltage at 

gOSIStIOS tar utilissttmr. NOW it to a tinted prattles 
Ste esa aA ofttsiersr point a view# to triatit 
• * ea yav5$' at .ztss.Aiiba*lta&S from the Ott of 
paint tea to the p024 of *tilisation a 1ang distances,, 

In yeeent rears a ri,"'te aver long distance 

transmission If as y has *me forward + flhe fiigb•nitate 

Direct epi purer Trssa sstoni„ Direct cent offers, as A* 

U be shwa distinct advantages for certain trssaissicn aiM.  

itiwa• Not this reason eeapfwba$sive denhopasat work is being 

carried ed Sn a sir of years in various countries e.g, in 

Switzerland# owedea, Nevs2c4and, and Germany!  as Moil as in 
5ofiet Oda is order to sake b.v.d„o. power transaissis a 

ire ality# 

Uptc the Seizing of the last decade no adequste 

methods of Obtaining bulk 4.c, power at high volva¢e either 

fros low nsltage as o« or d,c, were availeolo+ Conversion of 

4c to 	 was also a probin, The sly aethod Of %tiliaint 
h,rt►A►e► was the flury astbs4 In this nstkad, the current is 

kept constant and the voltage of traasmissiaa is varied sear. 
Ins to the power required. The Thuryssysta between $Ieutten and 

Lyons, l3$.S1ffis apart, twos a Constant use ourwt of 7$ hyo 

aM a sas *S voltage of 128 k„va flat the adn disadvantage of 
the TbM stem is the tact that the line Ions are constant 

at ail loads, 

It is an is isp*tsble taat that the ianoratisn of 
Pete as a,,.. enc is better ties 'fit cisaey MM 	r point  

et vita. bus Is the light If do% we !an easier the gastis 

at t 	oo of pews. the power is to be genekatad at the 
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antra Of sogtat at amts (tat or rate lead) as ase. and 
ait" orrastisg tt to 460,0 it 	be trenitted to the 
int" of stixisatiaa w*d can be seed as i.e., after aeaveting 

to bat to i.e.; plodSid the power and the length at ties, 
sSsate rent. is bq qt a ..tt ft sssaseal UrAt„ slits:y ir, 
we editing +y0* s systems *q be cczze@ted by d.c. psi 

ISO aM the Det sq be iMeehanged as and when nniat 1* 
either i1settals1 

The tiara a 1 below illsstrstes sahe atisatlr the 
arrangement of as bir,R0.` power trsnaMasiga„ 

I 	I 	I 	 it 

n: V ERTO:;. 
L. C.Si3TLT4i 

F CTi. 'IE- 

1 pig. 1- PRIh CIPLE OF 6RR.~:G] 4EUT OF :T h. v.d. c. r '7;:FU 
TR---1, TtSIGN 

The static paver acovorttra with *4.. power link 

Operate in tandem to tenect the two independent i.e. systems. 
The doe. link sq soasist Of an overhead tranids®ton 31na# or a 
land or spa cable# or a series aprbiaatisa at overhead 
its and eablls 

Oso at th pest SSStIPS operates as a rectifies 
and the fix' as an laster1 iepaSing M en the dirastlen of 
tier it seroit ss dyad. lbe testis at the $Meters in the 
tea. attleit is to o Sash the 4 % and also to iiait the rata at 
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sin Of 4, if a shertacirenit condition occurs it the 4000 
11*. 

Sews an converting devices « the rectifiers and 
tam play an important role In h v d.c. power tro a dsa oa. 
As ve attain the rectifiers and inwrrtus In a b.v,d.c. per 

t=aaa*ssieb systf# the eftiolsflC7 and economy of the cysts 
flf depend oath)# on the eaonoepr and efficiency at the converting 

dense.. 
Upte early thirties, the converting derioew were 

not efficient enough and were also incapable of cswertxr:g 
U ge tat of parer. these devices were also much costly, Batt 

now various rectifiers of the morcappsvapour typo an available 
which can h.Z dle large +000ist of power at td,ghsvoltages. Pourer 
can be transformed from $ a. to d̀ o, and from d.e. to sic, with a 

very high efficiency and at reasonable costs TM first practical 
appearance of the controlled aereurysarcsccttverter was in late 
thirties and a practical scluticc to the converting problem 

became apparent in latter fourties. 
Comparative aalmdatiens re ardint the advantages 

of d,c. tratamisaion as against a... have been carried out an 

various Uses# and have been foflttatetiate the ccnclusicn that 
the ec nedesl range of 4,.. po t transmission depends on the 
guomt of usr to be transmitted, the nor of intermediate sues 
station g and the operating c nditicns of the system„ Apart free 
those, one of the Bain item in the cost of d, e. power transmission 
is the asst of casting devices, The cost of converting equip* 
most contributes a toot percentage at capital to the total cost 

of does power transmission. do the economical Unit of d.C. 
pomw transmission will go as reducing with the redid cost of 
casting rting da is'sr Be to get the saSs economical rivantpie 
tr I r _~,r.~ ~~..rr...t at — w afwttw See S. eat sn rA rS E 
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*OWMdMZ mist #meo  as in other wards the Not of 
sane dntns wtU has to be stud to the staten 
p.I$fls U*t,r A$ the  "*vW% of deflate hoose son needed 
the b, d.4 power trweisstn s.. to applied to aasilsr rite 
ISLSth of tpea4 s"afto 

Apart bon the ant1  the .tttctoaq of the 
oeisfl at dnlsus also $er ,Am i rrtarit role in h. v.4 % 
pr traaahaotsm, The Uidting .ttiottnoy range or dt  % 
per trerdreion vi 2.1 van with the ottiStaay of the "Overs 
t1 devices, e the san"riing devises ant be of etttaiaat 
as possible, so that hs  r*d#% ao ' be used are nailer liths of 
tranlaisatan rout.. 

•s+ 
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IN past several years the 44n of using direst 
surreal taste of alternating surreal has repeatedly some NAIV 

N1nsidnation for the pt ss at tranSitti,ng large amount of 
powers ever ton distaoces or gens spesjtte dly tot tra sLasiao 
ever Submarine or t dertramd aab1a4 TM real stun of such  
plana had been painted until 1960 on *tempt at Immature develop. 
mint of the bMM  altago ooatirti ;i egaipsats, 

aa►staintid developaents had tart place In the 
last decade both in the 4,c, ad art, fields„ tM first 2WX&O  
aomarciai h.v,d.o, power trczn1mtsios between We atoo  systems 
has bee developed ®nu placed in regular eperatis is Sweden1 
with a capacity of 40 H,4, at 100 Lv. diad current, A trial 
d,c. system had also been Installed is the iovtet Unon. Its 
operation has given very praaiaUkg jaaalts, 

At t3 Lint LnStrnt 9W we think of the transmission 
of power by direct currant, it sans to be azecacatcal due to 
additional cost required for connrting eq,a psonts at either ted. 
It the distance of transmission i6 long +n c1  however1 the 
extra cost of the converters will not only be cocien sated by the 
reduced cost of the transmission liner (cables) carrflug dc. 
power, but it viii reader it more eovasetcsl. 

Reqs of Conducting Materials. 

The coat of conductor is OS of the mast important 
Stan in a tinisis ion systems  the table a. t• below alhors the 
rats of the Seedusting material in a system coop" with that 
to the oer'lapend#ng 4,.., avire (siSpointt earthed) systems  

U vs eooaider overt lists or aide sets 
sables which allNS are generally used with ,ztra.highsvoitnI. • 
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se that the aaXISS ..tale to earth is the critrrisp the ratio 
of the o"oting aatnrial required to the doe* Rsvin Systw "ith 
eafths4 Mdspotnt ani the &49 Swire syatSM 10 

-~.. 1.L --- s p. 5 sos2gl 
s (acs / is the power factor in a.9. system.) 

S. 
Io. SYSTFMS Same Max. 

Voltage to Earth 

L. D.C.; 2-wire (Mid-point earthed) 1 

D.C.; 9 wire 4.0 

3.  D.C.; 3-wire(Neutral=.2 Outer) 1.25 
4.  D.C,; 3-wire (Neutral=Outer) 1.5 
S 1-0; 2-wire S/cos2O 
6.  1-0; 2-wire (Midpoint=earthed) 2/cos O 

7.  1-0; 3-wire (Neutral 2 Outer) 2. 5/00520 
8.  2-0; 4-wire 2/cos2l 
9.  2-O; 3-wire 5.84/cos20 
0. 3-0; 3-wire 2/cos7l 
1. 3-0; 4-wire (Neutral=outer) 2.67/cospfd 

Table 2.1 - Ratio of conducting material required in 
different systems compared with 2-wire. 
DEC.(mid-point earthed) system, for same 
transmitted power, efficiency, and max. 
voltage to earth. 

Thus it the pit. is 0.16 the as G* parn system 
will regaLrs only 34/ of the MAUCting material required tae 

S. C. 

From the &Wva discussica, we may assualtde that 
test cut of a d. e. tsa 	ratan line is stab lass t ww that ' . 
of s. e, trannissian l As„ But at the same tis. the tit 
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of teralaaal Katieaa taffoaaes eeaafdenbly in the *aae of 
a a gatS of traprtaajon„ Tare to a sefrtain asdas 
dia s q to tie1 a•#* is eesstcal but Ogead that 410m wa 
the 4.5. System b+enso eeofa4caj. 

sanaiiaa~alt if Pow 	Overhead lines*. 

to ?1& ark the envsa of total coat are plsttet 
agai st tnudsMm diet ww ror eeayarati a sea@ as 4,0a 
our2Mad pros nags$ at a find dreg level of 1100 N. wr 

400 X.Y. a.c.  + 400,x:. V. 

Cost of D.C. 
Line 

Cost f Converters 
1 

Cost of Transformers 

C.) 
a 

4-4 0 
0 
a 

;J 

0 
U 

(Distance(r1iles) 

Pr 
A.C. Economical j D.C. Economical 

Fig. 2.1- 	cost comp<irisonjof a.c. and d.c. ov:Er cLd prier 
lines, traun:ritting a power of 1500 ".. 

In general the speettio vaii*a of coat of "ttereSt 
s.c. and 4.e. pent seen cannot be eoaparod as the PLOP 
ids qplied to ca& factor is a study at this kbA t1wtu4aa 
anus a ride rasp tan Its to Use ad vastly to eadflp 
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Only a Mespasstinn cost stay can bs aeds oat. to above 
t1 :;• $3 the wit Of trsnst0rsrs ad switCbgean itor 
for beth $10 aMass arc asset to be the saai only the scat of 
tq nSsss at the tszstasd statlms Si added to doe. systa; 
flat is why the tune !n' ire. stats at a lower psSst on the 

cut sxds than t!» ci, for 40. power Wio. tea stet 
distance the cost of tsssntssjan lus* Sn the aster of s.c. is 
mater than that Sc 41VOO octet. At about * distance of 
etosmo Mss it is difftcdt to spy vbich pros sabnas will be 
more eandesif bd show this distance dos* sessf bsoomes 
increasing adsteg 

EstlutM seat suflerisos for a,a, and d,eo overhead pwsr ssh 	- 

A nnsbss of projoets wets counted in Sweden for 
both *,C. and 4.0 , ptwnr systems of overhead transmissims nt 
ses4t of tat # tabulated below in tabu t49, 

it- 

• ~ 6 'v ~i 	 ., N.N. ..  

S . 	_ ^ <`F. 1318 

. 225.4 	150'0 1'~SS 17B'S 2!9'2 IBti 	t [47•b 1y1~~ 

tI nm Sion 
' 	 ' CCU.S "or 	0- 



Dia the Previewtabia *02 it Sc cur, that toe 
the ss ad trauuatalaa the 44 e. pawn trommiaste ► Sc mach 
ape's ssaMsd prnt4sd the distsatear (as alas is the tabls)d 
tsscMtss$a Sc large obi, and of sees. the past and voltage 
at tran aa$a Si 3s. lags. The ratio of sects for a. S, 
d.s. , 44r41" laig sw h*w line dellnring 100 N.V. at *00-

lcsro tm the table a -- -nom'' 04 which can be 
find tam the figs's Z* which is devs3 pro bait 755. ►4 

for a tum poser Inst at 300 X414 

2.0 

1.5 

E 

a 1.0 

0.5 

DISTANCE (MILLS) 

Fig.- 2.2 -  CCST RATIO A.C./D.C. V/S DISTA}10E 

muss han also *o& a faro n it iii? at 	• 
overhead d,s,  arid a.4 power lines !!rte sq pMnt of vis* 
Calcala cion was e'er various overhead tra"Asalo systems 1 
i leets that  the nlatiashLp between the dial Mates Sc 

-.• -- 	- .. ...'..__ __ .. r _. w 	_.tr._s 7f as id.i IW►ttsst at• 

a 
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one liM poli to sofl is the d. e. sahaoIp and U- is the 
r • r. s. vale of lino to 3!a. nitage is the s. e. scheme. The 
tots. M 40fer essss.ssstlan sslfatsd is eam► sobsms an the 
basis st *6=01eal sprat ansity is 1,5 t* 25 6 times matter 

for d,o. than far sltnamtlag 	. When these rstati*WftPs 
st obss , t- s 4.S UnS is airs$rs ten expsnsIV% 

A cost Saoaparisen of two schemes was mode for 
s« s„ and 4.5. overhead per line as tab*letO boiov in table t,3 

BASIC 	p...:.._` 	?`rriS H 	TkI-1 
B 

1. ? ength of line ?cc. 1000 2300 

?. 	Capacity ?'..'V. 1000 6000 
r 	~,.. 	ed . 	;~~;..ual 	.:ne,,~.., 	~rars::. .;i 7 12 

•. 

4. 	Voltage i.':, + 500 	500 ± 600 	600 

C 	i0, 	of Circuits 1 	1 1 	1 

6. 	Cot of trans fiii#;tthg J i<.w H. 
(c\) 	i opeks 0.80 	1.05 0. ?? 1.22 

-.aisa Inc; ~.7n 3.92 	5.15 3. Si 5.98 

"cine 2. <~= Ecor: _i, <-omrari-on of n . 	.: 	 cre: head q~  

From the sceparisen of the tv's atees it toileus 

that the use of sltstzatini current for transmission system A 
is see expensive approdast•ly by 25/, while for traasassin - 

system Ho this figure sins to 90.5 $ . 

Transmissionof Perm tfl us C flsss. 
IrrMrrriAirw~r~~ irw.r~~ 	ia. i■ rir~. 	 \ 

It the trsasd.ssloa is done through sables* does 
tvrlrs w0 re ** "Hamate —inns 	eat &won f w a wan • 
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small distal.. A balance of cost may be obtained for a diat Sc. 

as shirt as twntp.$lss, as s*a is hg. a,1 A comparative cost 

en be sads tram the tint,  tar twe type of scMenS $Ct: 

overs in the ease at tsnaaisston through cabin, above thirty 

mites ase' trwtsdsdan because teabSc4$y pxcbtbtt iv. for las 

am"Mt of paves at high vettotny This tide to the high mu 

of the reactive targing ounczt nqaind at bdustrial tnian 
of s,e. system. 

t _0 

Cc:t 	cf 	o:-it icr 

- 	—t------------ - 
ot of ?ranf2rci 

o 	10 

• Jp Lc3ro:n1(;1 D. 

•fl5 throigh eabJ:. 

the trsaissien at power as direct currents  

through cables is toenomical as ccmpend to sltesatthg current 

the coat of mbar of eflintsd prsJSctS  in Sweden are tab*istSd 

In tale 2,t'(se She= en the seat psfl) 

S 

. 
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J ` 

Ct,SE D3 -'4 B5 43 Ai(120 ) A4220) J'S 
CAPACITY(M.'i1.) 2x375 lii200 1X100 2X3`!5 230 

YO 	r iJ (it11) _flQQ_ 1YJDC L:: 200 2_0 1.30 
f RSI bio RS j ~ RY ttY, Rsl 

kW 
F EC. 1s1 

K.W. 
 EE,c RS/ < C~6 1s 

/k.v6 F 'Q4' k.1.1 rt1a. ItW, `'Rs. H.W. ~y, .(25 izs. KN 1'28. 

Both Terminal X12 94'B 250 12S 163 163 225 299 3'4 170 9- 6S 43.3 2.85 295 
tat Ions 

Reactors — — — — — 2.'76 3.68 074 368 1.66 828 0.83 828 

Cable includin 
2 %,Rdministra. 210 280 673 35'6 4O5 40.5 1112 1 49 yl'4 2Q7 492 246 414 4!y 

tion. 

T rar Snort lay in 0.37 0.4'1 Q 19 0 32 018 1.84 193 258 083 4.6 02 '16  O e3 92 
AoIntl_ttg 	etc. 

Table 2.4- .: cc3t 	 f . GC-Kn. %::nar+ .; 	_ .  

Li: an.; d. c• Sys tams. 

Now if we coapre1 project 14 with project A4(go) 
when beth are having a tranaiissiam i.1, 	of 60 Xa, and the 
poorer to be transstttod is 200 44. j ve tcncb&de the cost of 
terminal statigas in tho ass* of D41. 2.9 tins as to that of 
A4 (2a) t while the cable cost is sls' 23.6 I and hence in this 
way„ the net total cast in tkie c&se of do** 1sos tO 8s X 

(sppox.) as that at a,s, syttea of traasaisaiea6 

Taking into osaast4sration the sacgeq► with d,a. 
pivot trsaaiaaie also 'Joint Technical Cort~,ittee of British 
and Fra eb Rafle►esrd finally rece ded i* 1089, a sabuarinA 
d.0. F 	►1e link between 2rs3Ssh and French power grids 
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through CresaeChamzele Both the possibilities of ccwecting 

the two prnr grids U. submarine ae, power cable 3jnk and submc4 
the 4a. peas cable lint Will be eiat so I ate, The 

duels of the cost estisat ion an slam below is Table 2.6, 

ITLZz COST 

A.C. D.C. 

1.  Capital cost of terminal equipment 21.5 j 49.3 j 
and line 

2.  Capital cost of cables and install- 53.5 I 20:5 j 
ation(route length 25-miles - short 

route) 
3.  Capital cost of providing fregilency 9.3 1 - 

control in Great Britain. 
(already provided in France) 

4.  Contingencies and Engineering costs 15.7 g 10.9 p 
TOTAL 100% 80.?! 

T ab' e 2.5  - A cost comparison for sub r:.rine e. c. 	i d. c. 
power cable link between j  : g . + cud ::';Srlce. 

__._------------- 	 ___.._..-,,........_ 	.... .._......-_.-l-. ....... T._........ 	. 

As shown it. tables  the cf►ital cost estimated with 

dc, power link was only 80,? 1 that required with a, c. power 
links The total eetims*ted capjtel Cost of eaheme was 1 o,5 

Million ( a as. 6%? Millions). Thus a large sewing was there 

With this d.e•  paver proposal. 

.o. 



Dan ADVVA TACLS OF 19IOffrV©LT4Ab DIRLCT CUEMJ4 T PO4& R TRAM* 
Nigh voltage d.m• power trntmissiontransmission is not only 

•goosieal as dared to an a.c. power transmission systo% but 

there an few other advantages also* These advantages give goal 

incentive for adopting h„r.d•c„ transatssiort, provided the power 

and distance of trw034fli0n are quit► largo* These advantages 
have been dinussed below 
1• £ftieiefl of Transmission Systoms• 

At the first glance* it seems that the d. a, power 

transmission system will be inefficient daze to extra losses in 

the converting equipments at both. ands, Bat if we nuke a 

comparative at%* of a h, v. d„ a. and the corresponding b. v. a. % 

power transmission system*  we will find that the efficiency of 

transmission in case of a does power transnission systea is much 

beyond satisfaction. 

All the lotees in the conductor, its the sheath of the 

eable0 in the dielectric or doe to corona are rather treater vith 

tic•  power transmission than with direct current. The losses, 

with normal pager frequency ,sic. are approximately 18 Z greater 
than with does  Just as in the cost comparisons  thee is a limit 
of distance of transmission L eyond which the banes in the d. e*  
power transmission ssion torn u p to be less as compared to those in 
i.e• povsr transmission. In the dianam below$  for a power 
level of M s.W and annual energy transmission of 4»ailliard 	_ 

(].0) X,W. Hier, the total energy losses expressed in million 
1 *,oft. per annum are cempared at ditZerew:t distances of trans. 

mission, The station losses for all distances in both the i ns 

an remaining eanstant, The ase losses in the case of a#a« 
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power tranadusicn at all distances. The line losses In the 
case of a.So paver trsnsmi ision are increasing more rapidly 
with tt 	" 4 J1,stanos. 

40 

100 

300 

p  A - Total losses in d.c,  sy~tem 
B - Total losses in a.p. system 

C - Line losses in a. c. 	system 
£ D - Line losses i,n d. C, 	system 
E - Station losses in d. c. syste 

F - Station losses in a.c. lyste 

ti :1 	T7 	__ 
7/ 	/ ___ 

0 N 

• / -----k- 	__ 

A 

B  

_ 	/1 /_4_-_ 
C 

D 

20 	40 	660 	7()0 	80 	• 	1(00  

Distance in Km.  0 

', n 2 1 - (h'nnh shhtalno ¶nshpS in Mtl)inn K.W. Hr. on anAuw 
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In this vay with the curves of total tosses in so o. 
and 4,44 per treAsission, we dot a limiting distance of Zq- . 
fora fixed power level of 73D M.w.; beyond which d.o. system of 
paver transmission is incressInSl r efficient#  

The e#ficieacy of the sy eta is also effected by 
the paver level of transmissim%, Greeter Is the saoumt of power 
to be transmitted1  better is the efficiency of the doe*  syste 
As shown in the table below# the no-load losses in the case of 
dote  cozverttht Stations are higher as ec arod to an sec. tenin4 
Station At higher loads the percentage of total losses in the 

case of dre, power transmission are quite lo, 

The total losses for same power level in the Case 
of large loadsf is lass in the case of 4 c, paver transmission as 
Coaparod to those !,a case of t,o, paver trams ssiow That -1s 
wh►s  the afficicwqr at large loads is also bettor !,p the case of 
A ._ e.so.ove fpsn s 4asion, 	 . 



E2 

The Russians bays also triad Md sagrarad the 

•Ptisseuq of d.c. and a.% power traasatasicns,r As in R%saia 

the distance of trss.issiaa td the est of Poor to M 
Iran 	tted arc quite ins they bars e►arsd the 6 fsla►Oy 
of lag lines having high peas 3snlsa A cos aratjra st$7 of 
the efltejsnr of different soot and 4.0. power transsissica 
Systema caw be made from the foliating table • 3#96 

Bi>SIC 	?'.._. 	_'.,. 
I MI_SION 

3 	3TEM A. 
TR,h3MI SIOH 
S' SPEM B.  

u. c, 	a.c. d,c, 	a.c. 
1,`ength of the line(Krn.) 1000 2200 

2. 2 acct, (M..) 1000 6000 

'.ol ta.ce (u, V.) ±500 	500 +600 	600 

.Percentage losses  - 
a) Line 2.74 	F. 33 8.84 	12.15 
b) Sabstc;ti on 2.70 	l,'4 3,20 	2.19 

c) Compensative - 	0.58 - 	1.40 
device - - -  - - -  -  -  - 

U r L 5.'4 	/.35 11.2.0~j 15.74 

Table 3,2 - Comparison of losses in D.C. and p.C. Trans- 
mission SysiemS. 

. Tht above UDIO shows that for systaa 4 the Ube 
losses IL the case of 4.a,. power trstm,ssian are ss3y 50 I 
(approx.) of thou to ace power systt; but the terminal station 
108409 are as high as Opo / . Hat th* total losses to doa* 
pear trs narcissi a ones out to W 74 ~ of the losses is i.e. 
trona$ ssioa„ for a f coed Poorer lural of 1000 Mo ri„ 1 to be trans. 
*Load Ursa a distanes of 1000-ZL 

sld2arlt►, In the ease of system B, the line  



we 

losses ad the tertnal -stations losses In the case of 8.c. 
pow tnnalnta, are respectively 72,5/ sad 346 1 of those 
in 4644 p 	transifliot. Since the total losses In the can of 
d+►sr power trfl3 scion are only % 1 of those In s.*. power trans+► 
sjs$ n toss a fixed power level of BpOCO M.W. to be trsn*sitted 
over a distance of 2O-Ka, 

From the tables-8*1 and 3.8 we ears aoapare the loss 
est?ifatiats of two cwntrios (6weden and Rants). In table-8•R 
the total Lasses in d.c*  pod' transmission are 76,6 X of those 
in +4## pens transotssion for a power level of I" Ne wo  cySt a 
distl nfl of 'Q00-X*, and Mages as 1 400 k„ t, d. o. and 400 k v„ a. e»  
At the as tine frea table 31.89 the total loses in rbc. paver 
transaission are 1 X of those in wCN pone transmission for a 

power lent of i000 Hove. over a distance of W00-Kno end having 
voltages as 8 80C k, v.d. c# and 100 k. v s. c.. Thus are find that 
for the two lines of somewhat similar Specifications tested in two 
different cojstriosy the order of the losses is ave proximately sass; 
and baits. the efficiency In meso of dsc.  power transmission is 
deflMtelj betters  provided the distance and moot of par to 
be transmitted is quite large, 
S. 	a C  print $ s 

In long lines of high trolta&,es the charging current$  
due to the tine capacitance may have a considerable effect cc 
rQ9%Utida. Its tendency is to cause the nitage to rise from 

the Nndin aM to the receiving end. 

this charging current is the case of lent, distance 

transmission is emstdnably high. For havins an idea of this 
charging currants  take the e. 	le"" a 240-sites lcng0 132 1 v., 
$ 0# 0 +R/a f transmission line Miiverig 40 MSW at 0.88 p,t. 

lenin, with a 31st Lass not exceeding 20 X of power delivered„ 



triangle 180  on a aids. Per this transmission line, the total 
charging currant Is an ror. !0 As as eompaf4 to a lead current 

of  L.......!° 	,_-  • tS 4 
.!`i x 	x 0.0* 

it is a an high current and is to be sespensated 

in a. c. transsissiem line, stile in the ease of d.c« power line 

during corals operation, as povcr is required for charging the 

lia+. 

3. Btsbilit7 Consideratioi is 
Apart from eeaoiamical considerations, the fain and 

foremast a v tage With 6,0. treasmissian is the stability of the 

$rates*  Ir using d.a, for the tranaisissioii of electrical power, 

it is possible to over acme the stability probleas inherent in 

transmission by s.c. boyond certain uniting transi,ssion 

distance, 

ES 	 Er 

y. 

In the case of a. C. power trwsaission, the 
stability problem is mainly due to the Inductance of the 

transmisslon line, The SMgatnas don net affect the trans. 

mission of paver by direct currents TM power *Pt tch ssn be 

transmitted by an are. power line is given bu 
	sic s 

vbsrS s is the phase aUSXe Uat"O S two with.!. Ba 

and 4. and I Is 1kw reasteaa of MW system into a nSskqrcfha. 



NOM the ms4aws Power •PX' whish can be 
trspsdttsd sass' the treaaaiaaion liras is given bar 

(shown also in the diags,M beltu ) 

F i . 3.3 _ POWER  :-T.' ILITY  i:';TRV1: 

It we wit tw tne slit more power than p + 
whit. keeping as  and 14 ssstait, we ban for reduce the value 

of K -a the reactants of the system. (of course neflectint 
resistance of the syats). 

Thom are ntiSsr of ways adopted to incrsais 
the $tabj,1tt7 of the System. These are mainly to reduce the 
♦a"l s of system rwastascs, Few of them are en orated belong 

as Use of Sorts  Capacitances. 

be Use of the quadrature •3oastsrs, 
su blas It is treq 	. 	gsx„ (transmit the mer on 

some lour fre ONW). 
H0 stLU after owing cob costly and asaplieatsd 



as. These dances help as amly partially. ate have also to 

use my quick aoto•r*ciosif Circuit breakers on as a. poor 

systems for better stability5 tr deh an quite costly. 

While it we oossider the d„ a•  system of pawn 

trasnissten from stability point of views  the system is perfect* 

13" stable and any desired poorer am be transmitted net any 

lengt$ ire is no $asap* of stability with d.c. power 
tr.nsntsrioo„ 

4. Cees Leswe4t* 

There is no direct mathematical relation to compare 

the mama losses in as*# and d.c high voltage jw r transmission 

lines, Only the esperisental valaca may be spared and we get 

a comparative idea of these losses. i&xptriaoflts have been 

carried t in Swede France end Russia on corona losses on 

d.c, and s.c. high voltage lines,, =der similar atmospheric and 

conductor surface conditions, 

In Sveden the experiments were carried an a line 

•$O-wins long with spaces for three conductors. The conductors 
were Of Steelscoxed.alnsin with diasters of V.7 and 33.9-mom. 
The measWome*ts were to vita a voltage applied between one an 

c+r dtstor t'id earth, and with the other tv a €arthed, 
Fret Fig. 3.A* it can be seem that the corona 

starts at approximately the same voltage for both direct and 

altarnathg (pea) voltages. The losses with a. a. increase 
atm son rapidly than with direct current, 

yeah investigations were carried out on two 

pa,rsi el eondmaters of 1* w.. disaster (3.47 a,t2  c rosssseetiwa), 

lOO-st!rs lag and with 40 meters spacing,. 
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?ig. 3.1 - 	a. c. and d. <, ,:,iron:.. 
losses, shown  
tion e.i he peolr .oi'.<, e 

Fig. 3.5 • a. c. and d. c. corona lose 
in two conductors, dr•: 
energised and other  

to Fa1i.  

Fig.'3ip d s aa, a. Q*. and d. c. looses is d*r similar 
conditions, Out of two cs4uctatst one being earthed and the 

other energised with direct Voltage squat to s.c. peak voltage. 

I t 4t, be seen that losses with a. C. uosVflIe wry rapidly as the 
voltage is increased and are considerably higher than in either 

the cas, of positive or negative polarity with d.5, 
Russians also carried out teats on sec* and d,C. 

pow lipds in 4lidlar condition of weather. It was conclud*dg 
the aSrage yearly aorena bosses for doe, lines, contrary to the 

case of S.C. Sines, is basically detsrained by the corona losses 

dnln clear weather. This to explained by the fact that ding 
the sat westha (viE►►(Oh for sirens isplies heavy rs ng alert and 

0 
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vet snow), the corona lor,e.s m dote Lines rices by no more 
then test Uses, whilst for a.o. linea they may Increase by 100-
tins.  

so in ge rat, tollewint are the overall 
cendtnatcns of these experimental results« 

1. The coma le$noa on power lines, as voltage 
Increase, starts tit approximately the same voltage 

for both direct ar4 alteraetisg(pesk)voltags. 
16 The losses with a,e, bereage auc. more ts.idly' then 

with d0, t  with the rise ds Voltage*  

3,  The morons, losses in the arae of e.e„ power lines 

an aaielderably higher as carp&red to the losses to 

dsoo  power lines. , 
4,  In stormy weather, the corona losses or a. e. power 

1in,wa Increase by a treater pc•rccnta&e than the 
increase in losses at does  parr lima in atoqiq 

weather. 
5. Insultla► Levef2'x• 

to Ctwpare a doe, pent lire of voltage t .. „ 

to a three. phaeey a„ c. lint having the phase voltage es #sp. 
both the Monts an having the ass size of conductor, some 

percentage losses nDd the saga power is to be transmitted. 
olosteaacsasc, 14M •3 1L 

losses an 4.000  line ■ 2 I 
Igasting thane losses we gets I 	110  ---C1} 

NS,pever in the a.e. system 	0  $ e 4  L 

(sOustng "a0a I) 
power in deco s7$tea S z41 Yr 



4 sgtt*titg pollen we get, 3 9c 14% +-s--(8) 

Proal (1) and (2) ke get ve 3j Bp 

It Situs that for transaitting the sloe povsrt 

the Voltage rolaticn between the systsns must be as 

.16 4. 
Nov asss1n$ that the direct voltage 	(say) 

is equal to the peak vague of the alternatinE voltai;s to cause 

the break down of an lh 01atorl and ass°:antcig identical internal 
and atanphettC acnditicnss we get 

Vod 

9o,. ac 	* g7 %1  
2 

 Y 

r Now we see t : iras~ai ti. r< level of hue 

but we are needing only a level of á which is 87 of 71d/~90 

So* the d.a, power Uric will not only have two conductors 

instead of three (of ::i mo size) as for the a.c, power line, but 

in addition the lulu stlon level recidred will only be 877 of 
that of i.e. pr line. 

A considerable saving will be there0 For example 

the itsulstion of a 400 k.v.a.c. overhead line in sufficient for 

a d.ac line of a voltage rating of not less than 800 K.V. 
Moreover1 the insulation level of the main subs station uquipsnt 
is the same for 400 k.v,a•c• as for 800 k.v.a.c. The COT nsider- 
ably higher voltage for which d.c. paver tranudnicn plant can 

be designed at present warrants a higher transmission capacity 

for aireit,, and sorrospedingly bettor acorn e 

#r *dliab 1tt7 et the 6y*tn se 

From the rotiability voint of views it the two 	• 
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polo doe, pivot transaission is disturbed by an insulator 

or aosdatetor failure or a fault at the torsinai station# the 

trsna ssis can go on operating an the other half; thus 

oarryind at least half the rated capacity. On the other bud$ 

on a atrllo.oi# cdt a.a paver trangiseion tine1  such faults 
generally note a esupleto intoe notion of the paves Slay. So 

froe the amiability point of flow the tro•poie d.a. trsawdssion 

is superior to the singloscireutt s.a• transmission of the same 

rating„ The two.poae d.e. power transrdssion thus1  is more 
ataiias to a Aoublerciraait a,e, line having in all six phase 

ca duators, *ieb is of coarse more expensive than the single 

d. a. power lino. 
Even if aa► existing threeephaso doubfl circuit 

lints is replaced by a d„o, power l nee  there min be tee die. 

circuits compared with two s.c. power circuits#  reliability tends 

to theroas% If the earth is to be used as a tasporary rattan 

circuits  there will be six d.e. circuits nd their reliability of 

service is •increased still son The temporary loss of one condo 

motor results is nearly 1^ Y loss of power capacity. 



PRUSUT 8C1$3 CF HIGH VOLWSS hIIIi*C'I' CC +T pØ. Thi1$l Il8tOTa 

$flt Of the Present hr►y„do% poswr transmission S+bisoo 

adIr opsrationg inscallatica or owaidsratim are just for exchange 
of plwr as and when required betas two e4stiut a. C. power grids. 
Bose times the distsi►ee of transmission is quit* Song, tin longer 

the systo the more favourable will be a can for b, v, d, e. power 
transaisslm# of sours. if the power to be trans witted is largo 

enough, it the water head or $adearu.punr is used for generating 
large power, the balk of power have to be transmitted over long 
distances. High voltage deco power transmission car,  help us for such 
a transaissicn also. The possibilities of b.v.d.e, power tranarisse 

Ion for this purpose,: are particularly at crective at present to 

Sweden and U,S.3sR. 

Apart free the question or long distance transaiasionp 
there are two further incentives for the use of direct current. 
These are the Lntercannection of power Systems havir:l, dia'ferent 

frecattencies, of which a toed example is t o Japao•power•li*. The 

link connects two systems having frequencies as S a/s and 60 a/s 
for a power exoshange of 300 M.W at 250 K.Y. direct warrent. 
Seeondly, when power is to be traneitted it dense industrial city# 
as in 11.1, and rslativs],p less area is available for erreation of 
towers; 40. power transmission can help its in supplying the rapidly 
Increasing loads through cables. 

There are niaber of b.v.d.c„ peter transmission 
schemes under operations  casatssia1 and ccnsideratias. The ate 

lints of few of that are given below. 

1. Getum Power Lit 'j  
The wood's tint cosssrsisl d.a•h.v, power tranasisslaln 

in the Gotiwid link (Sweden) is op rating sines Int. It w s was. 



•fftsjesy and nasq at the s'tn, Cainecting the Swedish assmm 

land to GOtlsd through a 100-Km. subaain. Cable; the ISM am  

tnzilajt S M,W, at 100 KIT* tram the mob land to Ootlartd, tab 

have no water power sourss and thenal r." gasnticn is quits 
costly*  

:j 	.1_ 	- 	LCj!, d.c. CCCflCCS 

U30 Ic. 	.. 	- .en 	or 	tine  

and t 	e 	3( 	Ic. v, 7Hncm 	On @ ct] JJALL, 

An OfILOW btsstigattá bad shown that, Sn the post 

war inns of fasts transmit Of aver fra the isdnlaM vnld be 



a. 
eccoadoally justified if realised by h.v.d.e. The iavestigatica 

also Shoisd oa the other hands  that with this length of cable s. c. 

was at of gosstien. The scheme has proved to be Mtrteally satins 

tastily. in the second phase of construction, the rectifier 

Installation w s doubled in sue and a further cable was laid, so 
that 4 pOS of 40 M.W. at a d.o•  voltace of 1 loot.?. will be 
transsittldf the neutral point of the system being earthed through 
the sea. 

to Lnfljeh Channel 8cheamA.'  "s''D.2"a  

There was a proposal to link British and F'reneh power 

grids so that the power may be exchanged in either direction in 

order to obtain a better flexibility i:. two Systems. This power 

link was proposed just to reduce the need for new standby generating 

plant, because it is now possible to Cake the advantage of the fact 

that the peak loads in two countries occur at difterort times of the 

day. 
Originally, the suggestion wss made to lay four single 

core cabled on the sea bed. Three of the cables wood carry 150 M.W. 

•f rice power at 132 X.V. and the fourth would act rag a spare In the 

event of damage to any one of the other three. 

Zoen it was realised, the operation of as s.c. connection 

for a iS 4W. power exchange would not be a simple problem. In 

this Qase British system would had to make a relatively expensive 

change over to automatic frequency control. The cable would have 

to be about 20-ati€s and it was found that the charging power for a 

Be $ cSrcuit of 100 M.V.A. would be 41 M.V.M,, Sc it would give 

rise to eoasiderable operating problems. 
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:j 2 	D. L •  ubmar 	pc r cable thourhg ro 	cbrei b? tween I -- 	 Rid and France. 

The Gotland time was an Incentive for thinking 
about &c,b,vo  tranasiadan; and finally, the pro3ect eoitteo 

racomended a submarine cable link about 60-Ka, long in all#  at 

tOD k,t,d.co betwen poles, carrying a load of $00 A, to give a 

p0110w exchange Capacity of 160 )t.W., The scheme which was officially 
inaugurated $A Dee. IMs is an economical tfld efficient one. There 
was On overall capital ssvinC over the 	power soh"sp of Jo.S 

aiflietsi a Is*  6.47 Muss), The Saving In cable coat of £ 1.6. 
stUScn( • Ri.$1.$ millions) being practically offset by ha... 
anRs ( - a RI, 14.? utU.tona) cost or the ecrnrt tat eçttpasnts, 
The estiasted SOSt Of the scsn vs abO*tJ5 million ( R14 66?' 
ailitaSa 



sl. 
The losses in this scheme of d,e,, power transmission 

are ably rnesthird of the losses an a.c. system. This is not a 

negligible Ugisn as the diitenndt between qtr and d,e, Mosses is 

ala IN LW. pot kilowter mt tall 104 or s..y t9 Na. for So-Ib 
cable routs. 

csi,gs~ 
3# iCt Pow,, Sohete fox Bm,u.Ze4axtdfor 	s' ■ure► 

A power link between the a North and Lauth Islands of 
New Zealand is to be cospleted this year (1968). In the end of 
1964 the system peak lord in the North.Island has been 1Q63„9 M.W. 
and in the S4atbaIsland 490.8 M,W,, The division of this load 

tetras the tvo Islands is epprox. 'A I in the North and 30 1 in the 
onth Island.. 

The bydro-electric potential of tho oat -1 shod is 
such greater than that of North, and can be developed more ecenomi• 

tally, In particular, the ;.3enaor°e hydrowsLation in the bowth Isxabd 
was scheduled for developaent, to provide an output of 600 M.t.p 
and it is this station that is to be linked to the t'orth.Islarid via 

the d.e, poor scheme. 

*pow, the d.e. schemes now either at work or under 

construction,. Sa7 whore i, the worlyd# the Vev.Z.a1<:nd link is unique 
because of the amount of overhead line transmission involved. There 
will be a IM K•V. (tsl180 ► Y.) overhear line from 23enaore to Cocks 
strait, and a cable crossing from there to Eaymords in the North•• 

Island. This d.c. power list will have a capacity of 1' 	A or 

600 M,W, having the distances as overhead line i Sensors to Cook. 

Strait (South Island) S3Smiles; Subasrine cable • across Cook-

Strait SSS les; overhead lino + Coa*.$treit (Porth Island) to Aayw-
o rds *6.Mi.esy and In this way the total length is as 3f8- Biles. 
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ft. estimated Bolt of three cables soh 	(ens as span, 
is worth about 11.8 million (AN as. 2W stills) s asast as.# Wills 
(s RIs 377*3 WH It) for the s.0. Mu!fllff. TS cabin a 
of ft tiled type  U, lm nit 	at 60 lbs/sq„ Sar This 
p nun's is so SWO40 be blow than the greatest szti#=Aal van 
p1hessure. the **PW tsS length 	 vi tt 
Joints. 



The converting equipment has the value of the order 
of SO.1K11ioa Sweden ors, (a res. fld willie S), on South Island  
thecoawrtwe will be connected to the E*neratorsvoltaie of 1d l.t.; 

M e/ar where as on North+islwd they Will be connected to the 
grid y ltaije of 310 R.Y. 9D c/s. The most important part of the 
converting equipment consists of the mercury • are electronic valves. 

Each converting station will have f6 such valves0  divided into tour 
Bro zpa. 

It will be, noted0  the power transfer of the inter-

connection will not be reversible. Power will only be transmitted 

from South.islnd which Is rick in ilydro•eleetrie porter to be 

popalatics+ centre • Nortb.IslsAd. This is in contradiction to the 

:.ag1iSdsuhczae. eM Cotlwnl► projects. 
4I, 

4. nakama.Po r Link (Japan)  f« 

On the lain Island of faoshu there Pro st present 
two large, Independent power €rids;  ofl operating with s frequency 
of dC a/a and the other with 8) c/a. It has been decided to ria 
these two grids together at &skt ai and for this purpose A..44 
(Sweden) will be supplying h.v.d,e. egohpacnts. This equipment will 
permit the exchange of 300 Ma, In either directiot at a votta;e of 
260 Iw, 

The 8dcma Project has been brought to fraition by the 
electric power development company, The converting station: is 
located near by Satuma Hydro power st..tioa, with has an output 

capacity of 360 N.4, of either 60 a/s or lip a/a and is well known as 
one of the largest hydropower station in Japan. The converting 
atatlons can perform frequency conversion at its rated output of 
300 M.W, and can Interconnect the Tiro area (50 a/s) taus Osaka 
area (60 */i) and the Nagoya area ( !Q a/s) by means of the existing 
275 X*V*Aoe, transmission line. The vast is going over very 	0 
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i~~.,~~w «.6, 
'T 6, The flti.8kan Behest (Swedan.Danook) $o 

A pre3cat to trapsmtt power betraen Scandinavia and 

West flimsy was discusad and learnt that such a transmission 

had tiny  advantage% Batpin hydropower could be sent to Gem 
during wet seas of the ys r sad in tfa other direction stela 
power fns Germany could be sent to caadinavfa vSn there was 
hydropower shortage. fliers was another adv ,ta4 e, the way in which 
the West Gtrnatn and Scandinavian Eyeze::. had evolved was different 
one from the othn and in one Casa the export of mfagavatt might 

be adrantsgsons tie is the other case benefit could be obtained 
from mind mrgsspw tt hours„ Tare was also the possibility of 

diversity of peak deems giving other adventateSO as in the case of 

orosssflsn el ashen, 

J - 

LL 
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The link cotwectit; tho Swedish 400V. network 
at Gothanb rg with the IS X.Y. network at Aalborg will be 
Comaismoned this year a 19$ 	The latter network is inter.eeeaeeted 

with the Geese network bye 220 X,V, double circuit line. The 4.es 
lints will Mn a lith of about I%-Za.* Including ?8-Km„ of cables 
Cloning the Kattegat, and 10-Km. of overhe&d lines„ Virg the 
first stage, single pole trsvAissIcc is to be employed$ the sea 
being u nd as a reuse„ The rated power of the link is 260 n.1 
and the rated voltage *80 ic.v, to earth. The link will be used for 
the exchange of pater between &wed en and Saar&, and bets Sweden 
and OWrssnr via Denmark. During the first six years of operatics, 
the link All transait 960 M.W,, peak power from Sweden to Germ ny 
for six hours every day. The total coot of tits project 14 stiiated 
bear about 3AQ+uilliaa twedissh era. (about 19 %IllS,00 U.A. Dotlsrs). 
In the ultiaato staf,e the link may be extended to a doubles pole 
transmission# for instance for SO H. i« at : 25 X#V# 
7. Vancouver Island Link (Cwiada)~Ns- 

A h.v.d.C. power link, the first or. North American 
aoAtinent1 to link the Island of Vancouver, off the paoifie coast 
of Canada1 with tin msinL-r is proposed. It is all the more 
interesting because there exit already sub r rice cables across the 
Setout* . Miles Strait of OeorCl.a, but these operate at We E.t•ae. 
Thus it would obviously have been possible to exter:d the power 
transmission capacity of .4rittsh Columbia lydro Power authority by 
a.c. sl*ens, but signtticimtly d„c, was found to be technically 
Nd etnoaicafly advantageous, 

the fin of thea is responsible for practically all 

the brwd►+.. 	tx'ansidasion developments outside the U.S,Bst,1 
have again tented the contract, worth about l*-million C nadied 
Herts (a^Mr 00,6 militate), and the work will be curled od 



at. 
in tie stale es, 

The first stage All alloy a pw6r ttaHemjssicZn of 
7s Kad. with 3$ 1r 7, tryyicjastca rwitsgr„ The second stager 
wlU *nr*aae for capacity to 186 DI.4 g  the tranidsaiata voltage 
b ntiS to M 1.7, gsa the third and the AAns1 stage viii 
pnvldo a tr*yeetsSLS capacity of 32* K#W#  with 100 toy#  tratl$e 
scion voltage between pot". 

The return path for the sirrtt will he through earth 

and seat $cna12yr pent will be trwsaittad only free the mainland 
to Vsaaeunv Island, but it iU atttad that if po nrr traItsaission in 
the reaps+ dtznttaa will be needed it could easily be arrs-Bad. 
The o thea i®atth of the trssmissiaa aha is to to 43mmUOS0 

with U.S dies of overhead line and 17.6 sites of Submarine cattle. 
It Sc expected that the first state of this new project trill be in 
eperatto* 1A Sept,1W?, and the acond a Year later, 	w .... 



c1k, 
$, $,sco lCashlra LSnk(V.a«S.R.) to 

In 3810 a b.v.d+a. mdergro d line had been brought 
into operation between Moscow and Kashira, U wiles southwards. It 

was intended partly for experiments and partly for actual "nice, the 
power being in chid into the aa. 110 LV. network at Moscow. The 
traussittid power was 30 na. using sintiseanode converter valves of 
the S ssian typo VR+t each rated SD apps, at 12) 1OV. The wider. 
ground lima was two sUs2omeore alsrogtscDsnduct cablr+sy paperein• 
sulatrd and 2Sedcshosthed1 with an oilaresln impregnating, each 
cable being at 100 H.V. to earth. Later they were operated for more 
than ? O0 brat in all$ with one cable at WO K.V• and the other 
pole earthed# 	 00'4b 
9, TolgatraQs(8tallagrad) Donbass Lints (U.S.a•t.) t a 

This link comprises a double.oircudt d.a„ tranamiasion 
link dt ica, in length, and two corvertir~g sub+stttions, the wtalingw 
red substation, toning an integral part of hydroelectric stations 

and the isub+ataattaz in the Donbass. The power which can be 
transmitted in 780 M.W. 

According to the project, the output of eight generators 
of the Sttttlzsgrnd Kydro.elcotric stzattons vi?1 be transmitted to the 
Donbass, Fiver, part of the output of these generators can also be 
made available at the 2O !C.V, bus-bars of the hydro-electric stations, 

When the energy 15 trans iittod in the reverse direction 
the generators supply the K.V.Ar, rcquireacnts of Stalingrad &th. 
atetiot(then operating; as an Invertor sub-statin) and may, When 
required supply' power to the ?M E.V. bus bars. 

Out of 4 0 1Km, lerfth of transmission, 3.3 too is the 
length of 	400 S.V.d.a. eabls. The veins used an of the tyle Yoga?; 

each rated 900 A at 130 LV. In power and distance the aches is of 

course flh greater than my existi:°:g sue* 
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The Suirtz*d ortltnfl of the main h. v,4. C, power 
transmission projnts in ealsilob, ,tdir oOcstnzCtton CID be Sees 
from the following tab14 

-. 	i.r-;tj 	 Ge!'Iatjon 0:' I 
year Country and Location 	route Ix. 	 Converstnn 

em 
t 	H 	 S  0. 

Ic 

L:61 Canada-Vancouver 

Va land of Can;ida-
1 '::on'er T ;7:ic1 

1.11011 17.5 25.5 	

43 78 

160 	 -b 15.5 
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).xI{1c-poJe 
•ertI 	et1;i,. 

Multi- or cC c-

CohverSjr1 - I 
fC c/s 
afli vice vt:j--- - 

Multi xdc 
f: yiA 

siri1e pole 
ear rctuit. 

a 	 b icr e 'c - third 
---.5 - er 

 

--are valves 

Table •,]. - D5 0, Power frar1Sni J,:-fl Projects in (.onmi-ton and*  
under coxistraction. 



Cal, 
Fey &cbeme$ yp4er Active Conatderatlo WA Discussion  :• 

TSre are number of h. v.d.c. power transmission schemes 
t4s> 

nndn active consideration and discassim listed as belosn- 

	

3, 	Canada • U1S.4 (Haailto ► Falls . 3astom and Newyork via 
NewetoWdland) s-.. 1000 R.Y.; 45)0 ?4.4 1688 Mles ire. 

	

S. 	U,S.ar Pacific Nortb.dest Pacific South vebt Intertie 
800 X.V.0 1930 4W., 040 - miles. 

	

3, 	America •+ East•wsst Zane Intertics - 1,000 K.V.; 
8yd0O MJ.; 1000 • miles. 

4. DflaM . Kingsnorth into London - - SOU K.Y.I 500 X,d•g  
bs + dies. 

5. u.C.5.a. Kraanoyask, Lantern - i{c:riu, to the sral 
Industrial area »- 780 LV,; 12O000 MS.; 1*553 - i miles. 

6. Inland • vcotl nd ucheme -- 61®0 - wiles. 

7. *aaralia : ya4marla - Victoria.. 300 miles. 
8. AtL trrlia t Ti :In  Power in the north . west Oi western 

Australia a - 2QOQ nil's; 3009000 H.0. 

9. Italy • Ju€oslavia • • 300 K.V. R M M.4. # ^Z0 - miles.. 
10. Chile • .Arfst:tine • w 900 sites. 

	

U. 	Japan I Mainland and Islackds. 

	

12. 	Canada i Re to Vorthorn Hydro soarces Into Ontario. 

.o. 
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the merits of d,c, hens however, never been doubted, 
and the interest in doe power lines has always been great. The 
main reason why h.v.d.c. transmission fell out of favour was that 
it was found impossible to combine h.v.d.c o transmission with sea. 
generation and sonsomption owint to the lack of suitable conversion 

equipments, 

It was May 1939 when first of till a demonstration 

of grid.00ntrolled etetl tarns, mercuryas o conversion was given 
in luraps by Brown Boveri and Co. Ltd. the oecasia. was the t'i~ttn 
awiss baticnal Exhibition, t urich. At the Vettingen power station 
near Dadesy 19-miles (tea hurich1 threcaphJe power z,t 6 X.V. w&s 

rectified to SQ JC.V.dec. Thence a d.c0 current of 10 AS representing 
800 K.W. was transmitted by a single overh< id conductor, using earth 
return. The single conductor was actually r LC; normal earth cerdut for 
of an existing threeeph;se overhead line. At the outskirts of 

Zurich the d.c• power was `cken by an under j,-rotd cable, but the 
final ran into the exhibition was Liven by single overhtad cor:ductor. 

Within the exhibition the power received as h.v.d.c. was inverted to 
its original three-phase 6 K.V. ft..m sffA fed into the a. c. distri- 
bstion system of the zurich £lec4rtcity forks. Thii4 grid controlled 

mercurg•ar+svalve proved to be the only suitable converting device 
which practically solved the problem of conversion aY large amount 

of power from a. e. to d.e, and vice versa; and tt:s dream of h„ v.d. c. 
power transmission in connecting two exist inL aacs power systems 

same to be an actuality. 

In general the possible converting devices to got 

d•o« from S.C. or vice versa are as follows. 
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1. Motor-Geaerator 

2, mote • Converter 

8, Rotary- Converter 

4, Xerawfl•Aro*Valvea. 

6. &emi•condactor Devices. 

In all rotating type of converting devices, the 
electrical energy is first of all converted to the sechanical one 
and then that mechanical energy is ayaln ,converted to electrical 

form$  and in this way a conversion from a. C. to d.c. takes place, 
thereby giving greeter losses in the device and a power efficiency 

as compare to a static device. High voltage d.c. cannot be obtained 
with the help of rotating converting devices. The maximum optimum 

value at v+aitae:e which can be obtained is 1800 V ; which is maximum 

v'a2w, can reliably and safely be a,::plied to one commutator oz" 

rotating converters. For obtaining hither volts&tes, two or more 

machines Must be connected In series, which greatly reduces the 
efficiency, Increases the initial cost or the .tt&tsllat ton and 
Introduces further operation difficulties. 

cven If we axe getter the rotating converting 

devices of somewwhat higher r01ta.,e ratints by their improved design 

and using better mate ials for insult. ti. n5 and also sacrifising 
some efficiency and economy, there are number of other major dice 

(i6Z2,36) 
advantages with these rotating type of converting devices as mentioned 
beler. 

1q Rel im _ a 	 . 

Met*r-gsnerstor consists of two entirely caprate 

*aehb*s direct coupled and mounted on a conw bedeplatoe  There 
are two rim4ng scenes to consider, both subjected to flak et 

breakdoc. the moterwoonverter aM rote ryconvertor as being also 
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$etating machines are less reliable as compared to a n%erot r•aro• 

valve— a static device. 
$0  

It is veil bo+a~, that the efficiency of a rotary' 
,everter is higher than either that of a aotor+gencrator or motor. 

sonvester• This is natural ae the losses of two rotating machines 

will be hiub" than these of one rotating machine. 

In a rotating machine, the losses are always greater 

as compared to a static machine. That is iby, the efficitn of 

mercury*4'400Inlarttrs are always higher as compared to all rotating 

type of converting devices. The normal nalta of efficiency in the 

cusp of low power of the order of one, two, five MS. ercuryaro• 

rectifiers is about 98 9' but with the wits of very high ratings, 

the efficiency In of the order of a6.0 % • 98.8 1 

Be Overload Capacity to 

The rotarycooverter has higher overload capacity 

th.,s: either the motor•gecnerator or motor•coovortor. The rotary-

convertor can normally take 25 1 overload for two hours. It can 

also work satisfactorily on vottently fluctuatint; loads provided 

in designing a properly contracted damper winding &td good Cc s+ 

tation conditions are obtained„ 4hile the meroury.arc-valve can 

take a overload es high as ISD I. 

4• Synchronizing S. 

All the rotating type of converting devices require 

proper synchronizing bflore they can be connected to a system. The 

fact that synchronizing is not necessary with the a sereurywaro+valvei 

to quite i> Stant,. A considerable time is saved and such skilled. 
operators are not !'heeded. 
5, StapleOOpe aatia sad laip,inw Attention se  

- 	- 	. - ._.-- 	ca—  —ss.__ st._.• 



rotating eeinwrting debase, anti its operation is auc~i siaple„ There 

are nobnshes1 ce z*atators, or siiprings to take care of• There is 
no dust spreading over the equipment# The ventilation of the equip*• 
eat ad building is also simplified as compared with rotating 

de 	0s No periodical lubrication and cleaning is needed. 

S. Yelselesa Operation a w Pao vibration is 

The absence of vibrations and noise in the aeroury 
arcevalves equipment makes it possible to install it in locations 

w3eere rotating ecnnrting devices would not bt: used„ 

7. . nsitiy y to 8:tsCin 1t is 

£xpiriences have Movaq that the wercuryearowvalvos 

are not sensitive to shortecirc it. Repeated reclosirj on a shorts 
ctxeAt does not affect the mereury.arc valve. Under the same treat' 
mc <rtt a rotating convert in€ device of the same capacity world be 
likely to flash over re&;;rdless of the protective devices* 

Lven if we tolerate all thcue disadvantages with 
these rotating tyre of convertir4 devicesf it is not possible to 

obtain $l4 voltage d.c. of the order of 100/500 K.v, etee with the 
sae 1p of lfheaea Thus# the rotating type of converting devices are 
out of pnestion with h,v.d.c• power transmission systems, 

The Meresu •A ValVCcs 
(31 1.1) 

The demn stration of a ffierc y-aresdevice, as a 

tgecinstird source of light, an 7th : ept.1 19, by J.Th« say it 
London#, started a far reachii% practical utilisation ct the mercig1 

are. Tits discovery of the unidirectional property or a mercury po; 
electrode was made by M.'t ,Jr&n in 18821 but the recognition and 

ezploltstion of this important property as a significant engineers 

hats• was loft to PoCooper Hewitt1 who had interested b,SsseU it 
the esseroial application of aereury+aro+2gmps, f demonstrating thf 
in %at + n the occasion of the opening of the new building of the 



r 
Cooper Hewitt was searching for a method to operate 

his nraarysssreelaaps with a.c« In this effort he discovered that a 
device with two graphite electrodes and a mer sryepool electrodes 

when fed with alternating current# produced the flow of d•e. in a 

part of circuit and with great acumen he realised the teobnical 

significance of this discovery and started to develop and to aancb• 
facture mercuryare.valves. 

It was also Cooper Hewitt who recognised that ignition 

delay by charging the phase of the voltage applied to the ignition 

band around the glass vessel near the mercury pool could be used to 
control the mean value of the rectified voltage; but it was only-

after I„ Lagnuir introduced the control grid in 1914 that the contra 

of the seroaryeapo.valve became a practical propositions 

Glass was the mate.ial used for the envelopes of 

merauryearo.valves couwtructed by Cooper Hewitt a:.:a the otk t 
enufacturers who at that time bec~4sc Interested In this new field, 

The first to saqeed in making a partical steel-tank mercury-arc. 

valve was fsSehet r, around 1911. His valve had multiple anode 
construction was a necessity in the design of the ignitor aont+ 

rolled valvop the Ignitron. 

Glass valves and Itnitrons were manufactured as 

sezuled.off devices, that means that after fin€l evacuation during 

the manufacturing process each valve was sealed off and no provision 

was made to pump it when in operation. 

For a longtime, however, a high-vacuum pumping 

outfit was regqired as an ancillary requisite for steel tank valves, 

certain Imperfections in the construction of such a valve making it 

neoesssly that it was pumped from time to time when in operatioa„ 

In the course of time the difficulties in aobieving vaoma tijb t 
seats von overcome and pmrpless steel tank vd',es wets developed 



and. have coat into general zaee 

Upto late thirties, all mercury are rectifiers were 

or tdttloanode t" with 6l2, and 38 anode per tank. The trend 

has been to therein the number of anodes per tank to obtain 

a higher current rating per reetitier,, This trend bus changed 
by the introduction of the six gleeanode type ignitron, followed 
several years later by the Emeitroo. Sindlennodo tanks or test 

each containing one main anode and a cathod1 are assembled in groups 
of six and twelve to make np a mitt. 

The dbnlnssuode type rectifier has largely superseded 

the multianode type in the U.S. for the following reasons„ 

1. 	Lower+arc drop and con scantly higher efficiency• 

to 	simpler maintenances, because individual tanks or 

tubes can be removed and replaced :without affeetine the 

ethers of the c;rete. 

3. 	Fewer sixes are needed q because higher ratings can 

be obtained by increasing the nttbei° of tubes per roup, 
Connecting the Vales in Qroo t~ aa~ 

Mereglywarm•grid converters seem to provide the 

best solution so far 34 &,e, conversion. They are made for voltages 

upto 60 K.V. and Current 300 A. To obtain higher v^oltages5 several 

converters can be connected is series5 i$ which case the distribution 
of voltage between them should be regulated by parallel connection 

of condensers. However, since series Connections of waives requires 
at least double the number of valves, and there is consequently 

double the voltagasdrop in the are# the method has been considered 

applicable only at very high d»ce power transmission line voltage. 

With decal the switching problem is far more 

diffieillb and senteesoaanectlon provides means of getting around 
the difftenities` It is of course possible to block the passage of 
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Current through a valve group by means of control grids. However, 
in the case of certain internal faults in the valves this method 

is not reliable. On the other hand, it is always possible to tab 

a envsrtrr unit contested in series with other convertor wits 
Out of anise merely by scans of grid control„ This can be done 

without disturbing the operation of the other mite„ For this 
purpose each valva group is equipped with a b$•pass valve terminals 

of the blocked aenverter, thus leading the current part 	the latter: 
T ust in the ease of htg b.pover+transmi&sion, for 

natural reasons$ there will be a number of series connected converters 

in each terminal station. It is convenient to have an even number 

of these ead to eutasect the alternate rectifier trar:star ,er in 11 and 
Y• This increases the pules a t aber of the whole station trees six to 
twelve and reduces the rip; is and harmonies correspondingly, Plans 
have been drawn up from 6.c, transmission systems with voltages of 
upto 400.1)0 R•V. between the outer pole and earth. However, study 

of a number of practical pians of the above type shows that the 

power has to be divided ap over so many converters test the voltage 

per converter will sold m exceed the 125.180 ]4V. mentioned abofl. 
Or. the other hand, the current strength can always be controlled by 

selecting an adeçnv:te nunbo: of ,anodes connected in parallel in 

each valve, 

The Modern High-voltage v'elve`t-~3~' 

The ionic valves, more r;pecifical?y, aercury-jars-
valves, for high direct voltage, are, in pri..ciplel similar to 

these of ourdinary morcury.aro.rectifiers for medium voltages. They 
thus consist of an evacuated tank in take bottom of which is a 
cattyf forming the memo •pool tithed, In the aame evacuated 
apses there are as or more anodes1 led in through vaewn•tight 
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48. 
Capostte with the cathad an associated devices 

for ignition and excitation, These maintain a eathod spot on 

the arrssntace1 which is a source of angle electrons eatsei i 
and than of the Mroory..an between anode and cathode, Sip as 

the arc is conducting Bair for current passing free the anode 
to the cathode1 the Dote valve All have a unidirectional action. 

A control grid in the ero.path serves, when given 

a nOFative potential to prevett the fonatiat of an no also 
when the sods is positive relative to the satho4 Br reversing 

the potential of the grid to a positive valve# the phase of each 

cycle at which conduction through the vain begins can be controlled 

at dli+ 
The h 	vottage valve has its ano4e As mounted 

inside a porcelain tube Pt which is attached to the top of the 

valva taroks The Oatl 	valves have two such anode structures 
working in parallel• The igniter I and excitation anode t, are also 

led ire through to the top of the valve tank« 

1'1fi• 5.1-The !71 h vol tare 	.i c1T'i-Urc_v 1.VE3. 
C 
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TM grading electrodes A, interposed between the 

anode head and the cathode vessel, are a characteristic feature 

of the hi, Valves. Their connectors are led in through the wail 
of the porcelain tube P and outside this they are coimected to 

a resistive+aapacitive voltage divider D. The grading electrodes 

serve to help the valve to with-stand the high reverse voltate, which 

is ireued on it during a certaV part of the arc. cycle, and allo 

to with-stand the high positive voltage impressed on it during 

another part of the eyelet  when the control `rid is acting to pre• 
vent the vain from picking up current. 

' 	The Alleunion }Llectrotechnical Institute has deve. 

doped a 290 1.1•  marc. 900 A valve, for the transmission line 

Stalingrad-Donbass. This development was proceeded by through 

researches which proved the possibility of designing a large b.v. 
valve of the single.anode type. 

The designs adopted for valve developments were 

acres +anied by theoritical and experimental researches. In the 

course of these studies different types of valves have been 

developed, some of which deserve mentioning namely a l2f) K.V.1  

1Ak'1 A valwp a L3D Z.V., 3OO A valve, a 130 K•V, 75C A valve and 

a 190 X*V. 900,A valve, all mingle anode type. 
Valves can today be o=fered for use in converters 

at a malas operational direct voltage of 18) I.V. The current 
rating is dependent upas, the Musbor of parallel anodes, the normal 
converter rating to day being a.pjrox. 300 A for each anode In the 

valve. The are voltage drop Is 40.45 V. 

in spite of the feasibility of series connection 

Of template eonvertirs there seams to be further economical 

.1 ustifisattoil for still higher voltages than iS X.Y. par convert+ 

TbSr renal  Volvo development is abeing puraww towards higher 
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voltages, An evaluation of the electrophyaicai picture seems 

to indicate that the sash principles of valve design would permit 

an extension of the foltt.e range to 8©0."Z V. 

She results of continued experiments at Troilhittan 

(Sweden) which are being carried out with the object of attaining 

stilt higher oatpnts# show that the designs for 126 V. are now 
a practical proposition and that a further extrapolation to ate 

least 140 LV, is with in reach 'fling the ease dosign principles, 
It is also confide fly expected that the current valve per anode 

can be ineroasod,. E aver# in the end, the number of parallel 

anodes per valve will probably be determined on the basis of the 

e1ofaic optin vein, 

The Gotland scheme ope ates at 100 X,V.dsa, with 

two bridge connected converters it series. The valves of increased 

dimensions could be designed to increase this voltage to 1W t,V, A 
6,0, traaaiasicn at 300 K,V„ with four bride converters in ssfl•s 
Is thus well with in reach, furthermore, a voltage of 300 K.V. 

is adequate for the Majority of d., a, transmissic.n saher-ce, so far 
proposed. 

'Valve Arrangements of Different schecies s• 

Now following are the outlines of the vsive.arrantes 

mot of different schemes, 

a) rrr  • p iiir7~r  Link a. 

No acootstt of the terminal converting stations 
associated with a h,v.d.c. transformer scheme can be made without 

extensive nferenn to the practice adopted in the Gotland Scheme. 
Swedish are so far ahead of the rest of the world In the operation 
of a saasuscoi plant is likely to torn the basis for future 

endeawes for aesetiae to come, 



The bridge cosmecticn of six valves for the three- 

phase Cull Crave rectif cation appears to be universally favoured 

for b#v. notification and inversion. This connection enables 

staple threephase transformers to be employed, At each and of 

the Gotland line thin are two such bridge circuits In series and 

a seventh valve, known as by-pass valve is added to each bridge. 

The bypass valve in any group is only brought into operation in 

the even of a back fire in an associated rectifier or a persistent 

commutation failure in the associated invertor. The do es rating of 

each converter is $1 K,Y,, 8p0 A. With the type of valve designed 

by ASEA, the configuration of the cathod tank has little effect 

on the high-voltage behaviour of the valve the anode assembly being 

the vital part, Ea* if the Gotland valves has two such anodes in 

parallel that is to say the rating of each anode assembly is 3.00 A 

at s K.V. These figures refer to the current and voltage an the 

d,e, terminals of a compect six-phase group1 

1.Tranrformer 

^. r'ercurv- arc-
? :es 

. 	 ~.c. 

4. ..y-pa__: 
C.'_ tF 

uuI 
-t— _-. t 	loo ?,. 

j 

!z 5.2.- `u verse: is pix pulse two-way connection. A and B 
*,e: urinals. 

2 ig1ish.Chamel LSnt e» 

Thin are six valves f n each bridge1 with a l past► . 



valve th additisey The two Greets bridges are joined in series 

with the aidapsint or the d.c•  reactor which couples them together 
burg east 1, Berthing will not normally be carried out at both 
is a at the lima* to avoid a residual current passing through the 
an or the seta caret in as. of fault. 

Lath valve, Which stands about 301  high and is 

about 60  wide aid 30$ deepr  has tour anodes Mmated on the steel 
tweak containing the mercury pool oathod„ The weight of each valve 
Is about S tens, The current ratings of each anode is 200A$  and 

thus ate valve is capable of carrying 800 A. 
The porcelain anode cyllnciern contain a number 

of grids, spaced out over the distance x'rom the anode at the top 
of the tack at the bottom, All but the bottom grid are intended 
for the purpose St distributing the potential over the length of 
the anode criinde1rs Thee grids are connected externally to a 

potential grading network. The valves are mounted on insulators 

since the teak is alive at 100 K.V. to earth.. 

The valves for the EnglishaChannol Project have 

the current and voltage rctings per anode which are trice those 

of O"Isad-link 'veins. ::!race, in addition cacb valve has twice 
the nuabor Of anodes$  that is to says fours  the power converters  

100 X.V; NO A is eight times that of Gotland-link converters. The 
terminal stations Maine two sets of mercury arc valves, each 

comprising six gain valves and one bypasr valve. The rating of 

each sat is 100 V.; $00 A,80 M«Wp on the doe. side the two valve. 

gfgps are eamected in series forming a 200 K.V,; aOOA, 140 M. J, 

SrStn4 
16 J.i2.slsd UtereI s 	h. v, d. s. 

sines ry are valves are arranged S,n four 3.4 bridge 
aw..11rr f.. name . ♦t'v► A_w... a4da- and an, nitsA an the Yrs. side)' 
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through delta or star transformer sscondries to give IS•pulses 

rssttt'ieSn. tach , soup is rated at 326 LV. and 1200 A. The 

flare point of the d.e• eirottit is earthed at each station and 
ace pole (two groups) ass be operated Independently, In case of 
o WrSft $ assist the earth as a return path► A byspass valve is 
prtvtdid in each Group which allows current to continue. in the event 

of a ss 	cry Valu faaa,t within the group. 

4   ,ss I,#o  '- 

Etch terminal station contains eight Identical 
valve bri4a►eirouits (each designed for 107 N.Y.), carrying out the 

centrals of a.o. into d.a, snd vice versa,. On the d„c. side all 

the veins may be csnnecp:.sd In series, the voltage between poles 

is thril NO 4V. On the a,s, side pairs of adjacent bridge are 
effected to one transformer group consisting of three angle phase 
transformers. the other transformer winding are connected to the 

PS 1•Y. busebars to the hydro• ,enerat ori of the :talin .rad hydros 
electric station or to synchronous conaensors or st1tic capacitor 

banks (in the Uabass subwstation). 

'•;a+s 	*igy'ioX'  Devices  2i•- 357 NINI  

In view cS the remarkable properties displueod by 

sodern serje oetductor type valves including adoptability to grid 

aantrol1 the question arises a* to wheatber they will suorsede 

mcroor7.aro.nlws for h.vtdra. power tramsi istcn. 

taaslr•QOnductor power rectitieri g dosices can gin 

a quite high converted paver. Sat the main difficulty is with 
the voltage they cannot gives a high voltage, but may del.ive r 

very high eiwyantse By proper circuit desir, trrs.nicm Power 

nflt tier squat MW be produced to deliver upto 250,000 Al  
0r ass at Volt; . apt* 300 V.d.e. The gersanima testifiers one 

- 	 - 	 r - 	- .. t r _i - d.w. a —.ice.. J_ S 4 Va .....4 i 
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of 98. OA.$ I ) and lighter weight among others1  But at the sac  

time they cannot be operated is series to get high voltage due to 

variation in their characteristics, from wit to unit„ Even though 

by esamectting the Wits of similar characteristics in series we may 
go upto a voltage of 3 £.V, but not higher than this. the use 

of this voltage is We in railway's-traction. The voltages of the 
order of 200400 LV. is still beyond practicability. That is 

why upto the present timet  the use or semS.cciductor conve:tthg 

devices are out of question for h.v.d.c, power transmission. 

The working value of voltage depends on Geometrical 

consideration of the width of the recuts betvten adjacent 

Junctions and the properties of the Pour seab.cocductor regions. In 
order to obtain high reverse voltage it is always necessary to 

cotmenee production with ax ; extremely pure silicon crystal„ The 

higher the purity the better will be the possibile voltage rat inc, 

So after stertthu, Ati,., a crystal of the highest 

purity the voltage rating will be influenced by the processes1  many 
of which are secret$  through whit: ttw device 'passes when beint, 

manufactured, extreme purity of atmosphere thut:g a+nufacture is 

Ossential, 

It is clear that the seni•conductorsconverting 

devices have been devel::ped upto the point of replacing t=,e thyratoa, 

but the deve gaer:t has still a long way to Co before the new 

devices can replace the nereuryesre-rectitter. 

It i :: difficult to envisage that the Lemi-csfeed+ctox 

con. . Bion devices will ever reach the stage of repisoing the 

highly developed and extreely robust (as tar as high voltages and 

large power are concerned) mereurywaroevalves. However, develop• 
seat in the field of solid state physics are ocearing at stat 
a Pate that features tending to limit application at present time 



may be things of the past 1. a decade or twos For heavy power 

and high voltage duty as required to b.v.d.c, power transmissions  
the seroarr.alcavalves still hold a place of pride. Nerourys.aroe 
converters, that is rectifiers and invertors with moreurysare+ 
cal neag  have gsined a position within this field which is likely 
to remain unchallenged for a long timer  

1 



TM main egaipsats needed with tk v. d. c. power 
trs tssica are the eaawrting devises. It contributes a good 
psrcnatags of the capital cost and trio losses towards the total 

cost and the eft&SI aCy at a systw. Upto pllss'*t time, the only 
saitable aerorting device for getting 1~v,d.ar from h.v.a.c.. 
or vice versa is the mercuryssro*ccn erter „ It plays an impor-

taut role in h,v.d.es power trsnsaisslcn. 

The oeflsrterevalves arc the actual mercury are 

devices which are utilised in the three phase convertor bridge 

Which is the heart of the converting station. Almost all the 

nonolaatuvLn6 firms dealing with b.v.d.c• power transmission, are 
supplying the mareuryaro•valve& as a part of equipment for comps 

lets converting stations. The firms do not market individual 
valves. That is why it iP not possible to give generalised prices 

for the cavorting equipments, Roughly we can say, that the costs 
of the electrical equipments for terminal converter station 
can va tree) S per K.W, installed to ) 9 per F • • installedi 
dependent an so many factors. 

According to n lash Eteetric Co.l the cost of 
e 

complete converter terminal stations is dependent on a varity of 
tatters. Some of the major factors which determine converter 
stattoa&s pride Sfl s 

I. 	Station power rating. 

to 	S.C. harmonic filter require= eats, 

So 	ISOS of series and/or parallel Valve groups. 
46 	Type of power flew control. 
4r 	Situation of station (e.g. in cities or in open 

oemtn) . 
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i. 	Sort circuit ratings of S.C. system. 

	

70 	Nater! at DsC. Unto (overhead, or eabM. eta.) 

Apart from these, there art nsber of other factors 
Iflsnyng the cost of the terainal stations. TM price also 

rs~e ds from time to time aM esatry to ooatry, It is also 
1sir to shy► that the price is also infl* auoed to sew extent by 
the following factors. 

	

1. 	As station power rating increases, the price per 

LV. dtc"ases (within limit). 

Stations in heavily populated areas tend to be sore 
expensive than rural st Miens. 

	

3o 	A reals S.C. — system will neeissitate more expensive 
converter station equipment. 

Effect of E ecic in Convertors is 

Notaaiiy, the cost of the convert trig devioop 
exclusive of all additional awdllaries lies between 20 to 30 or 
36 $ of the total cost of the terminal station. On the basis 
of the estimations of projects in Sweden the total cost of 

terminal stations can be roughly divided no toilows w 

1. COWMUC fat Apparatus 
& Transformers 

i. Valves 

y Syaebracns Caadinsers 

4, Steotiea 

Total 

Jspdes are quite pessimistic In estimating the 

pt loot swats„ in their ostiastions1 the cost of the eareazt 
t- ' 	vxltt any euuct'Alarhs ,A s as In &$I1$ 

as 



ON 
to S$ of the total east Of the terminal stations. 

saw for studying the role of eaooesj► in converting 

devises tabs is estimated cost data of Ido NeW, power H nk which 

responds to the design power capacity of the 800 K.T.4.a. power 

trsnSission line from Stall rad hydro electric stattat to 

Donbass. The Length of the transmission line has been varied between 

100 to 11000-Rs. TIM to X.V.a.a. overhead line has been considered 
as eonstmeted an treeestanding portal towers, erected on foundations 

of prefabricated reinforced concrete blocks. 

The d,e. sub stations are equipped with converters 

mounted indoor. Each connection of the converter equipment 

comprises eight bridge.circuits vith two valves in series in each 

of the arms of every bridge. The parameters°of the valves rc as 

fol lovis r 

1.  Max. sagnitule of the valva current  a 	900A 

S.  Average vales of the Valve current  e 	300* 

3.  Amplitude of the anode voltage .  130 X,T . 

ft 

in ', 

ori - 	1  e- 
jto 

600 1 i•'6.0 fl • - 
R i' .., t 3 :74 : 	r 110. 8 16.0 (5.0 380.? 

3 :3L0.') 1 l0.S 30.0  

Table  6.1  - osts i: -..' :ori o, :- n, u;_1es for trcn3m1tting 7W M, ,, oil 
— 	 o•.ucrie=rd lines Ove: various dist&:+ces. 

r 



S. 
the details of the estimation of cost for different 

a,c• and docs power lines are shown, in table . 6.1# on previous page* 
The total cost curves for a.c. eM d.o, power 

transmissica systems against utie distance In kilometers are shown 
its ? ,~ • dol an the next prge. The total coats of two systems are 
equdg when t:a lix:c length is approx. 7W-Xuo 

As shown in the table . 6„1 the terminal static-ns 
cost, remains scn cyst constant. The cost of line varies with 

distance Initiclly1 the total cost of a.c, power system is low 

as compared to the cost of does power system of same transmission 

length„ But beyond a length of 7601a,, , the d.c. system of trans.. 
mission becomes increaatong3y economical. 

Sere the cstisated cost of both d.c. terminal stattcrs 

is P08,3 million Roubles - s constant value. Not as the cost of 
converters varies froc 20 X to 30 1 , ezcltauin of all auxillaries, 

we assume the cost of converters as 25 % of the total cost of 
stations. 6o the net cost of the converters of both terminal sta-
tions exclusive of al! c:uzi3 arses is 61e6 million Roubles. It is 
assumed to bee the proat t coat of converters in tie terminal 
stations. 

Now suppose at improve upon converters from 

economy point of view! ::;,d lot the Improved Converters have a cost 
as 90 1 of their present cost, toe total cost of d.c. power 

transmission aystec will reduce, and therefore the limiting distance 

for a*o. and does transmission systems will also reduce from ?d04no 
to flO.ffib as can be seer: from k"lg.-S.1, 

So in this way* from Fl.6.•8.1 the limiting distances for 
various Improved converters from eoonoq point or view can be obtained 

The 1lriting distances against the oanverters costs as 90% , 

5,....  sts„ of their present cost are shorn in Figs - 8. P on 
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Fig. 6.1 - Total cost of d.c0 and a.c. power transmission systems 
against the transmission distance in kilometers. 
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 it is caicisded, that with the pro sett cost of the 

sonvSrtert the limiting distance tar adoptbxg d.cw per transmission 
is 76D-Ea, beyond vhich d.o. power transmission is incrssairigly 
•coewicd. Hro"t It there is a tmpnvsacut on the convertors 

from ecoceq point Of flet# sad st~mebs we obtain aceto ical 
con rters having Coat as low as 0 I of their present sssl0 the 

Baiting distance for adspting da. power transmission reduces tram 
fl-R. to SO-La. It San aiso be seen that the limiting distance 



varies linearly with the reduction in east of the converters, 
In the above diseassion, the consideration of 

et dr;ases to be supplied. with convertor$ was not taken at a11, 
In a sjier type of derivation, now take a somewhat optiaistio 
side and take the Dost of converter aloe ewith their aas31_`..artes 
soft as harmonic filters, d,cr  smoothing reactors ate. as dD 1 
of the total teninet stations cost ars detailed below. 

I„ Cost at the converters 	 EA 
!„ Cost of tronatonerwextra-atxziLsries 	10 $ 
3, Cost of the other nwxil.tarigs 	6% 

4, Cost at the extra erection chcrges 	6 if 

Total 	50 I 
dog  with OD if cost of converting cquipaBnt, the 

cost of converting equipment for both doe, terminal st ,3tiot a Cornea 
out as 1044.6  million Roubles. Nov as previously, again consider 
the reduction in dost of convert i.rag equipment along with awdl 'arses 
and obtain different limiting distances beyoM which d.c. power 
transmiisicn will be inereasin ly economicall  as shown. in FF'ige-6.3 
on the next page. 

Pion#  as shown in Fig. -a 6, 4, on page dig  it is 
concluded that it the" is an improveacat upon the converting 
equipment sisag with their extra auxi7.aries from economy point 
of view, and somehow the cost is t.s low as 50 I of the present 
cost) the limiting distance for L;dopting d.a•  power transsis&ten 
reduces from a distance of 760-Ki, to a distance as low as 
4 O-Xa. 
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The energy losses expressed in million K.W.H. 

per annam for a fixed power level of 7S H. V. for different 

transmission disteet are Shown in table • 6.2. The terminal 
stations buss are resaining constant but the line losses are 

increasing linearly with the increase of transmission distances. 

lhile ecapari g the total S.C. and d.c. power transmission losses9 
of 

the annual losses beeon equivalent for line length,appror„ 

100-Km. as shown in Fig. d. $ on the next page• 
Now as there is no specific data regarding the 

ocvsrter tosses, aunt aasums the losses in the converters as one. 

third of the total losses in the terminal stations. AS is 

total lasses is both the dc. terminal stations are ao 162,6 

mmulSs J jJgr• per anawy take the annual losses in the *="I%* 
tori as se? million B.W.Br. S. 
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 Th* iiait irzg distances beyond wMah d.c, power 

tzraIiSaiUtOfl is sdtaatefloLtl a the loans In the raavertin 

equipment fldi&C$to9O$,8OXeee.etC. of present losses 

can be obtained Eros PSI. 6.8 as shown by a dotted line La Its.- 

e.e *be"* 
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As tai In' table 6P1  tbti 4tfZ renco in ennui losses 

between d.e, and a ,o+  terminal statiotas is as 87 million t.V. lar. 
apppeod,aato]yr This dittrronce is losses is mainly due to the 
sewwtia8 equipents aiceg with their excilarifs, At the energy rate 
fl &fit per XOW#  Mfrs, tboso annual losses are having the cost 

vals is *•3$ dlltan Roablea. This is the annual cost of the 

snap going as a loss In the converting equipments, presently. 
Nov if there is an isproveanat upon the converting 

equipsnt9  !twos effflenay point of riev, and say the losses in the 
ornrtin8 equipment are as only 90 $ of the present losses s  the 

total annual cost of d.c. energy tnnsmissiai will reduce, that is 

why the limiting distance beyond which the dc, power transmission 

is advantageous$ reduces from 86-Th. to 83-Km. The limiting 

distance beyond which the d.c. power transmission is advantageous 
as the losses in the coreert Ing cqutpmonts reduces to 90 % 9 80 % 

70 1 s 40 $ aid m I of the present losses can be obtained from 

Pig.-  64 as 00, 81OW790 790 and ?q0 Kw. respectively, as shown 

by the dotted line 'V in Fig:  6.9. 
A dates is shown by a chain line, which indicate the limitinc 

distance for adopting d.a„ power trcnamissi n system at present 

Stage of converting equipments. With the help of curves it and P 

a stgdy of limiting distance can be made from the point of view 

of eecnon and efficiency, simultaneously. For instance If some. 

bow there is a reduction in present cost of corn ttg equipssnts 

to % X aM at the as time the losses are also reduces to '8f % 
at present value, the limiting di states for adopting d.c. power 

trsnsmissicn will rodwe from 88o-Imo to 830-Tsar This distance 

San easily be ibtaioed with the help of the datum Use sr 
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fljgh voltage d•c. power transmission is Characterised 
by lover line cost and higher terminal stations cost$ than for 

a .co system. Beyond a certain 11miting distance' It is advents• 

genus to adopt hsv.d„c• power transmission which are 4W-KA* 

(approx. MO • miles) and %O-lt*. (appror. 4M + 211es) for over- 
head lines having. power 1ove1 as 16O M.4. and 750 MS. respectively. 
!°is limiting distse►ce in the case of subnaflte • cable tans.. 

mission comes as 32-Ka.(p0-mile$), for a capacity of 75 M.V. The 
other advantages with d„ c. power traosmi sifn reveal, no charting 
current needed, the syster is stable, a lover ir.suj; tion level 
is needed, and the system is much reli£.ble:. 

The outlines or number of h. v.d. e we now,. r enec~es are 
riven in Chapter • 4 Study of the v ricus ccnverttn devices 
shows that the more wy-aro•conve -tern are the only suitable 
converting devices unto the present stage# for convertins lsarge 
amount of powers at high voltages. The sersi•conduetor converting 
devices than not been much developed for convey t f g large n Mo.tnt 
of powers at high voltages. It is the:- premrsture to forecast the 
future of semlmconductor devices for uz x g with hh,v, d. c. poorer 
tronsmissicn• It is libel„ that for tome-tir•.c to come, the 
nercusyyarc>_mllves will remgir, unchu?1enged in the field of th.v. 
d.c power transmisstcm 

The etfiotercy and the economy in the cost of converting 

equipments play a major role while determining the limiting 

distance for adopting h,r.d„c. as ag.atnst h.v.e..c. patter trsna• 
mission. The specific results for adopting h. v.d. c. power 
tre nti scion can not be obtajned in general. There ;.re so msz.y 
factors which influences the limiting distance for adopting ".... 
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The ltMtthd distance is also stalled on the basis 
of nmual cost of eosj transidastcn. This limiting distance is 
$00-Em, for equal costs is the case of s.c. and d.c. This reduces 

to s-Ia. and Sit-Em. When there is a reduction in the cost of the 
converting equipment by !b % and the tosses are reduced by 80 Sd 
of their present fosses respectively. 

A study of limiting distance is rsde from the point 
or view of economy and efficiency dsultarscsus!y of the cost send 
the losses in the converting equipments both reduce to 7b I 
of the present value, the limitinr distaoce reduces from 84f -Ks. 

to 630-Em. 
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