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.:)Ofv'tE ELEM:F~NTS OF HIGH TE:·r. I O J TRJ.JJSi'vIT SSION . 

: II:!TRODUC TORY 

'l'his subject wil l be treated as follows : 

F irst :- A .nerc.l statemen of the condi ions 'Thi h 

sugges a hj:sh t en.,j_on t ransr:iission pro j ect , and the cir•cun1-

stances lirui tinc the maxi11 um transraissj_on d i s ance and. m x i -

mum voJtaee . 

Text in detnll ~ severn.J. physical elements o t n. trans-

mi ssion sy"'tem · n cJucl'inG s om~ plates ·_11u.~trating the lay 

I 

out. o f c;enerat o.r , J.ine and su. t a t ion c onnect ions an J ine 

constr·ction . To t 1 is ~ il J be added a brie f discussion of 

water powe dev~Jopment . 

. . . " . . . . . . . - - - - - - - - - - - ~ • • • • • i • • • • Ii 



CONDITIONS succ:-;;sTION A HIGH 'illHSION PRO,JECT . 

-:-·-·-:-:-
• 

A sourc e of J.oy, priced power i s olated fro 1 a center of 

laree populatj_on , or c onn. ,unity of indust1~j_es to 7hich power 

may be transm:tted for consunpt · on ; or a,c:ain r.iay be transmjtte 

to a point or p oints where industries are to be eztablished 

as the rece i vinc encl a.n<1. being more conveniently located on 

a 0count of ac ces s ibility an trn.nsporat ion faci J ities a.'.:'forded 

he 1:1 nufactured pr;:)ducts . Water power at p1•esent i s tt1e largest 

source empl oye(l in these ent e.t:'prj_ses , but it is sugzested that 

on account O.L tl e p .robable ·elect ificati.on of team roads t 1at 

coaJ at the mines may be used . It is aJ s o a fruitfu] source 

of inquir y, as to whet her or not coal could be turned into power 

at the mine s r nd transmitt ed · ecom.omic a11y , in t11e fo m. of 
to 

electricity, rather than as at present,.__haul it in freight cars . 

- : -: - : - : - : - : - :- : -

BE TRANSMITTED: 

As wj_t~ L10. t enc' neerj_n ... enterprises t he limit at i ons 

which c ome throueh ec onomic con<'Ut ions :;.1,~ ~ and t1, great est 

dis t ance to v!llicl-, povr.:Jr will eve.· be 

i s th. er- eat e ;t 'i.stance to ,:. l.i.ch it can be economicaJ J y trans-

mitte • ,..,he eJ ements , v,r' ic.r--. in the b roader-"- sens~ , 1 lmi.t tJ1.e 

distance to , :1i.ch t)(e power can be econonlicaJ Jy transmitt~d 

a.re t ·•o ; tne cost o f pow~r at the senera.tin~ station, an l t1-. 
ct;, ~?f,u...-w 

can he ohtain~rl fol' the lel i.v::rec pov, 0 r . r:'h"' .. ·JI.~· ~ - i,;;;. 



interest on the j_nvestment, and the prof i t . The cost of 

transr.:iiss:lon compr i ses the Joss of power in transmisston, the 

cost o::' O/ e.r-at ing and the cost of ma int enance and .r-epai1."s . The 

vaJue of the sum total of the i nte.rest which r;mst be paid upon 

the investrr:ent , ann. the mi n i muo profit , whjch is considered sat­

is .... actory , wDJ have much weis: t i n det ermi n inc; the limiting 

i ntance of t .r- ansmiss ion . The le s s thjs :11.m1 is , the fa.rtl er power 

can be transmitted. . A lo>', int rest rate anc:l a. low rate of divi­

dend will, therefore , be conducive to lone transmL,sion. Al 1 t 1e 

· elements in the annual cost , except those depen clent upon the 

line conductor ... , mo.y be con mually "e uced by increasing t he 

amount of power to be transmi.tted . The annuaJ cost due to the 

l i n e conductors cannot be reduce . It c an be d i minished. only by 

such other mean s as wiJl reduce the firs t cost of the c on uctors . 

As the fi r st cost oft e lino conductors can b e reduced only by 

increasing the volta13e of transm ·.ssi on , 1.nd a s there is a limit 

to wl l ch such increa e can be carried , :l t fo1Jows that the lirait­

. n .<; rli.stance to which power can be economicaJ1y transrai.tted will 

depend f i nal ly u r- on the cost of the line conduct ors and upon this 

aJ one . 'l1he e l ements whi.ch are a feet ed by the vol a.::e , are the 

t cansfo.cr1ers and insul at 01·s whtch increase in co st wit :Ct the 

pressure,, wh · 1e the cos o f line c onduet or , nrl line J osses 

decreaae w;+h the iressure . At •.eesent the cont ·nued hit;h Pric e 

of copper 1 .mds a special inter est to the .,tu .. y of hi)1 voltage 

in power trFl.nsmission . At the prec- ent values of copp er , the eco-

nomics of l on e line., are ve r y r.eri~)usJy a ·:" ... ec e • A s yst em which 

a f ey; years a.co \'!Ould ' ave inve'"ted say 1;100 . O pe.r· kw .. now 1.iu st 

·nvest not less t1 an •:·150.00 p Pr kw . i.n c onrlucto.ru . Ti1"' di.fff:r­

en c e is p.cactJcalJy as e11 eat ar; t:.,_ 0 y•hol~ c ost of the ➔ J ect r:.i.cal 



o f yea !~s, the ·e has been very little increase tn workin[: volta!:_-:e . 

The average , it is true , has been raised, hut th-<: maximum has 

been but lj_ttle wdsed . There has been indefinite taJk -bout 

what was about to b e • one , and vre be l i eve some transfo~L1ers c As i en -

ed for a maxi.:.uur,1 of 80 ,000 volts 1".ave been built anl s' ipped . 

Now si.nce an a ct ual rise in \'Tork·· nc pressu rf? from 60 , 000 to 

75 , 00•') volts , wouJ r'l fu11y compensate for the additional p .. esent 

price or cop· er , i t •roul . seem surely that engine ers shoul 

be a ., ive to this questi ·::m . Lo oki ng over the ransmissi.on s itua.-

t ion it will an:penr that t he loc ical step f i rst to be taken is to 

raise the normal transmis s ion volt a,,e considerably above its 

present fi.::ure .. It has been demons t r at eel that p.eessu.re of 

40 11 000 t~ 50 , 0 0 volts can be wrrked with entire success aJmo""t 

anywhere , an such plants re d,ing ood work at or about 50 , 000 . 

Why then builrl plant s for comprom1se pres sur es like 20 , 000 and 

25, 000 vol ts an -l more than double the cost o f thA line ? Further 
• 

increase of volta~e re~ta in the main wit ' the insulation. There 

should be no hesitation about <leaJing rith this problem wherever 

the copper (}Pest ion b e 6ins to r.;et seri.ous . The r eaJ s .rious 

pa.et of the 1 .t•oblem li es in the region above oO , 000 voJ ts . 

:, .. • • • - • >i - - - - - - - - -II • • ♦ • ll <II • 

THE SEV ~TIAL ELETVl:Cl!TS OF A HIGl TENSION TRANS-

IITSSION SYSTEM. 

viz : -

Th e systeu natur 11,y dtvided itself into three sections , 

1 e nower Hou.,e , line c:,nd s ub-station with i s 10 voltage 
.J 

cUr;tri.but :ion ; 

( ·) At the station we find the- buD <Hng , pl'ime-



move1•s , generat or s , swtich-boar s , vith their connecti.ons , 

(1) The bu ".Jd-1.ng should be well lic,hted ancl 

ventilated , large enough for· probable add:i.tions . In its pJ anninr, 
f? ~ 

provi sj_cm r2ust be made f(,)r conduits , s witch-ga.lle1•y trfmsforr.ier 
"" 

and c~rcuit-breako.· - va.uJts, a nd a s 1 ecial arrangement fo r receiv­

i ng the hi[h tension ines . 

( 2 ) Pr:i.me-move s , whether englnes o r turbine s , 

wiJ .I be d.i.rect connecte t o gen e ators and provided with best 

obt a in ble governors . 

(3) Generators . ThE sel ection of eno.rators 

involves possibly the most iE1po1~tant an<i ca.eefuJ. c onsideration 

j_n the whole system. 
. . 

We -SLY'e require to deterrr.tne the frequency .J 

ph s e .JvoJ tage and type . The most i mportant of these points , is 

the choice of frequency . Shall it be high or low? By hich fre­

quency is eneral ly unrlerstood , one or over 60 c . cles per ::i econd..-

60 cycles and l es s are con::ide re • low fre']_uenc ies . The t en·lency 

of r.io<lern practice i in the direction of low frequencies , and 

in the organization or des i e;n of a new plant , tne~ e . is 

most fter. that of a freq' .ency of GO cycl es Of! under ~ E:ich part ic­

ular case must be stud "ed in the light o f i.ts s ~---ecial conditi.ons 

before an intelligent dec i sion can b e made . The fo l 1owing eeneral 

sugc,estions are o ffi::red a. s ernbodyi.ng the latest anr1 standar 

practice . 

For local lightin t~ sy te;;lS with inci.dental deman for po,·er 

in small un.lts, where oJd ansfor-1..rn.:·s have t() be retained , an r1 

where . n. cheap plant i s a fi1--st consi.rleration , a hig. fr'?quency 

n a y be used .. 

Fo.· eeneral trans:r-1irs i on anrl istrib' tj :m f o r J. i e:htin f" and 
,l _p _J.--• • 
V~v\.. \,/\A.I 

p ower purposes , c oncU t ion s which o.a~~ t he ma.jo r i.ty of alt ernnt~ 

c1u•rent p t•op os .Lt.i ,.)ns , a s andar.1 f r e quency of 60 cycles can 



be use d to adv· nta e . 

In power and 1 · .:;ht inc; J ants 

s of secondary consir1e at l on · - supply i l1G 

"he e - · C' ighting 
t o 

c rrent induction 
A, 

motors as in · 11 ·,ork , an to rotary convert ors , as · n 1 onrr .... , 

disto.nce .railY;ay t1·ansmissions, whe e the generators are direct 

driven by enc:i.nes ., and fi.nally for very Jong transnissions of 

power, a frequency of 40 cycles may be us ed . 

"' r- exclusively power plants, where 1 ~ ghtin8 is of 

no im t ,,,1.a tever , an,l where rot ary comre t• ors ancl mo l,ors of . po r a.n , 

l·ree size , or slow s p eed , are to be supplied , a frequF.'ncy of 25 

o 30 cycles may be used . 

- : - : - : - : - : - : - : - : - : -

P-.tlASE 

Alt 10uc;h the c ont in1.rus current system o . electric 

power transmission has an extensive field of usefulness , it is 

lind.ted by the low p otential for vrhich commut c1t in i machines 

can be wound , and the great c st of the c oppe1• necessary , i f 

the distance are c on :i."lerabJ e . The aJternatin g curr•ent sy""tem ,S 

in use , are the s ing1 e -phase , t v,o-phas e , t:hree-phase and to a 

limited extent the monocycl ic . The single-phase alt ernat.i.ne 

system v:a.., a step in adv nc~ permittine povrer to be tr·ansmitted 

at hi 0}1 potent i a.l , which coulr1 be r~adiJ.y increased or re uced 

wi'-,:1 the vrina.ings o f station tran r; ... armers ,. ':'he si_nr,le-pha i.:;e sys­

tem was lin ited ., however , by the d:iff i culty i n obtainin e a sat­

i sfactory self- start.in motor , ano. its us efulne., s has been con­

fin<:d aln,ost entirely tc transmit :i.n<· p ower for lighting . The 

developm~n-1- of t.l:e poly-phase lternatin- syst.em , pos sessing all 

the adva.ntaees of the sin;,.) e - phase system, anrl 9.t tne . r.me time 

permitti.n --; the u se o :: motors , hav·nc not only most o" t 1e valuable 

(6) 



'1, IA, a.,\ 

fe~ tu.res of t ·t~ contin H)US current motor , but also ~ - import-

ant advan ar,es over ithro s Jlved the problem of l one; di.stance 

transmission . The p oly-phase system in u s 0 x·. to be considered 

as a_,r~licable to hieh tensi.on transmiss · on.r ... : t1~e two-phase ~con­

sis inc of tTTo separate single-phase circuits d:splace 90 egren 

from each other J and the tl ree-phase ystem consist in,s of three 

interljnked single-phase circuits disp l aced 1 20 deerees frDm 

each other . These t wo systems are both in operation anrl v•hile it 

i .s · ctmitted that there is no fundamental d i f erenc e be ween them , 

yet each has specific cha acteristics 8iving particular a, vantageJ lt 

The self-in.uction of a. three-i)hase c irc u.'t fop r·ansm:tt:tng a 

given amount of power under :,imilar con itions of E. M.F . is the 

same as that which is inci ent t o the tw ,-phase four-wire circuit 

if the same s i ze of wt e is used in bot1 cases , and the wire of 

the t h.re"?-jJhase Ci.re. it are equally d .. stant from one another , and 

this (]istan e i s equalled to that hetween the wires in each phase 

of the two.:l.phase cj_rcuit . The loss an ... the regulat i on a r'= the 

same as would be obtained in transmi +,t inc; hal f the power at the 

sar.1e pov,er factor over tv:o wi1"'es of the th1·ee-phase circuj_ • 

The advantag'= of the three - phase "'an'lmissj_on over sin eJ e-phase 

is e.r:i.dent , a.s the addition of tl-:.e third w .... re involvinf n in­

ere se of 50% in the v1eir;ht of the ccinductor , enables twice the 

power to he transI'litted wit 1 th!? sane efficiency an regulati.on . 

A corre. poni.i.n gain i s of cour :1e obtained. ovP:r the twophase 

system , as i.t is in effect th 0 sar:'.e as two or j_nar·y sin~Jephase 

circuits in so fnr -a t~ 0 eff ciency o~ con~uctors is concerned . 

A further dvantage of thr-ee instea of four w.Lres i s the re-

11cer1 cost of insulato ~s anr1 1 ine construction , the .rPduc~d 

1 o:::ines due t () leaka_r:;e and tl:.P. le"' sened liahiJ i ty to break dov·n 

resHlti.ne; f1•om t:1e fewer .inrmlntors . W'!1i .J e t..:ri.s a.dvan ,az-:~ obtrdr.s 

in the tl1ree-pliase syst<:m, ye an inport2.nt p0tn :n the two-plla3•~ 



zyst~m is tha . o" easier resuJation . O he things beinc eq1 l 

the unequc,lity in the volta,:e s on the if'fa .. ert unc ses of a 

:.:en<::::-ato ·:hen t "H: j_r c 1.1i ts are unequaJJy oa ' e i. much [;reater 

i~ the three - phas~ than i t i a in the t wo-phase typ e . 

I am not prenP.red in this paper t o de e i4.e de f'init ely 

\Vhich system is th~ p i-•e :ferable, a..-3 one may be better s uited 

unc er certa:i.n conditions than the other , but it is a fact , . :10vr-

ever , 

duce 

that the ti _:ee-phase system i·~ bej_n::: more J ari3el y int r o-

in the ~~~t;'.:;h tens i on power transmi nsi:m ent erprise:1 • 

crzE OF GENE_ ~TO,. 

Co.:icentra.t:ton. of gr.merator capacit y in as few unit s as the 

station l oa,l wLI J permi t has lon~ bN:n recognized a. 

to satisfactory and economicn7 op e.ration . 

requis ite 

In general , the J.ar1_;eP th~ ma.chin~ the higher · e effi ­

ctency ; th\~ size being li.mit.ed on]y by the 1fo1itattons to mechan­

ical cons r1ction · nd the posnibility of provtding load for the 

~enerator durin.::; the l ic;:1t loa • In th'= evoJ uti.on of the m de:r·n 

station , cro~•s of relatively smnll belt driven L~chineQ occupying 

much flo 02 space and · ncurr.:n . ..., -teavy frj ct. i.on lo~ "'e"" , have been 

replo.ceri o~' a -few l arc;e c;enerators c j_rect connect ed to engines 

or turbines .. Thi., change has r ·"" ultPd in sup~~rior· st>rvice , 

h i gh er eJ'·,...t ,iency of opPrat; on a.nrl ,1 ·m·_nisl..,erl cost for rerEt i rs 

a.ml station atten~ance . Above a ~11n~tal generato~n with 

sone rnnr·cL 01· capacity ho,e imirter_· ate needs . In o. wo ·d , the 

ssnel'~it or shoulrl be nirect connected, en ·• ine ... typ~ , revolv in,-:; 

(8) 



EXCI'l'ER. 

Let the plant be equipped with t wo main ex.citers , one 

direc l.f connect~•i to an ini.ependent prime-mover, the other- may 

oe ,.1riven by a hel t from a pulley on the shaft ext ens ion of 

ei~her one of t~o of the main 0 enerators . The in e~endent ly 

driven exeiter gjves somewha1. b e t..,e r voltai:;e ree,ulf:\ 1.:m a.na ts 

used in norn~l operat ion , the belt ed ra chine be i ns held as 

a reserve . Each of the exciters should have sufficient c apacity 

to excit 0 " 11 of' the 1 ajn generators unde r the extreme c anditi ons 

of Joa & power factor met with · n the opera i on of the pJan . 

'l'.tli.R re ... erve ~xciter is insistAd u ~)on because in this element 

or the plant · s fo und one o f the most frequent causes for i 1.­

terruption of sertlce; ~nd. as con .inui-ty arid relia.bi1ity of service 

is uncler &lJ circu:n.stances demanded , there shall be no reasonable 

bject.i.on to us·ne ever-:- effort ·o .,s trengthen the weaK po:tnts . 

-~ t may oe f0und advisable , as yrell as convenient , to 1.i.eht the 

s ,ation from. th": excit er current . 

-:-:-- : -:- : - : - : - : - : - : -:- : -

SWITCH-BOARD. 

T:1e switch-noard equt pment YiiJ J consist of generator , 

feeder , exciter , anrl ctep-up transformer panels . The switch­

boa.r.d shoul.,l be mounted on ~ gallery or e1evatect platform at 

one encl of h"" power house o f sufficient height to enable the 

oper•a.tor to lave an unobstructed view 01:' r.11 the machiner•y ,. As 

th!=) ins rumnt.s ?oun on these S\' i tch- b oards are practically the 

same ,. it .i.G n~edle · r: to enume:•e.t.e t.nem 1- e ·cept as to mention 



particularly the oil switch, nd oil circuit -breaker .. The de ­

V-=?lopr:.ient of the o il ..,witch 11nrl irc1;i-:.-br'ea.Ker has produced 

on. of' the most val ble · dditions to high pot ential appa.rat'lls 

mu.de n.uri.n.'.:, the past decade .. It is in eed likeJ y t 1at the de­

velopment of hich tension t ran,,m: ss i on o f power Foul d have been 

very ser:tously reta ded, but for the invent i0n of this piece 

of apparatus . i ch tens · on circuit -breakers are now esi~ned 

f or pressures up t o 60 , 000 volts . The oj_l-s·ritch an<l oil ci:rcu i.t ­

brea:rers for the ,:;enerator s anc transformer panel s are placed 

in sepa rate cellJ or vaults . 

- : - : - : - : - : - : - : - : - : -

'l'.H.AtT FO RS . 

The economica l transm:L·sion of electric:1-l Pne.f'gy re~uires 

in .::;eneral a hj_gh voltace transi"orr:iation , .he •at io of vhich 
}' f. .>-. 

1"V'- /,,~ .ri--1t~ . 
i ncrea. es in almost d i rect • ~ ion to the distP..nce to which 

the energy is carrj_e • 1,'lfnen the power its are l arge , as is 

u~uA.J 1 y +,h"' c ase , a consideration of the inv estr~1ent , at ten, ance 

and ,racti('a 1° economy attainable in the trannformel'.' rrroup 

en.ds to th " sel ec :ton . r uni s of J · l"~"' size . These b"o .re­

high voJ.ta ,~e n.r-e therefore 

directly responsihJ.e for the creation o::. transformers of a .3 i ze 

gleanti.c as compared with those built only a few years ngo . 

Transi'ormers up to a co.rtain size may be built self- cooline 

with t .e ass i stance of cases especially desir:ned to promote 

radiation . A smal J transfor;~:er h s na ura.lJy sufficient s urface 

both of trcmsfor.1 <::r power ~na a :: s u 1.•roun<linc ca e to i'eadi y 

dirrnipate t:1e h'=n t r o uced i n the interior . vrnen we consi.<ler, 

hm·,ever that the ca.pacj_ty of r:. t11 an<'fo1·mer increa es approx~ 

( O) 



imatel:y 

only as 

as the cube of its linear d:imensi.ons and the su1."face 

_..1A square , i t is evj, ent that the problem of cooling 

becomes mo!'e difficult with increase in size . In order to 

maintain uniform safe ten p erature throughout the hody o f 

t ansfo1~ner i t if' not only neces~ary to provide ample ex erior 

surfa e to the ca!'"e, but sufficient surface to be readily iven 

up to the en lin medium. Beyon about 500 kw . artificial cool­
because 

ing is em loye9Hc- ulk of a transformer arnl conse uently the 

heat developed in it increa s s more rapidly than does the trans-

fo mer Durface . ome means therefore must be employed for 

carr:'fin.6 av:ay the excess heat ovel." ano. above that whic the trans-

former surface can dispose of with a rP.asonanle interior t eraper­

ature . The methods of oinc this are var ous , b ut practice has 

f irly welJ c.rysta.J.ized , nnd. it has been found that •rater-•cool­

ing tubes in the oil surroundi.ng th'= transformPr r;ive the best 

esults . Oil-insu lated vrater-coole 1 transfor•me'~"' '1.t"e built i .n 

the lareest sizes for any frequency and for the hie.,hest volta[;es 

that ares ccessfully maintained on mDdern transmission li.neG . 

In lon~ i tance transmission vor!{ which · nvol ves st ep-u_p anrl n 

down transformers c1ose reguJation is of t 1e h ightest i.mpo1:-t"nce 

n:l f'or two r~asons . The tr ns ormer drop ppears wice between 

.he e'=nAPRtor anrl the load and because t.lle power factor of s,ich 
usually 

a lof\.d is · J ow , the drop may be cr·'=ater than '.'i.th a non-in 

ductive load . W1.anufacturers of oil-insul.at of water-cooled 

transforme.r•::; freely i.nt~1·lace the coiJ s so tlmt th,:: d· op betvr~en 

ther.1 L., mininized wi.th either · nduct ·ve or non-inductive Jo ( s . 

'11ransfor·mer~~ are arrans~d v:hen it is so speci f.t.~ for> tran. for-

Trcnsformer lea s s toulcl be lea(' encased cables ani ~nt~r tlt 

(lJ) 



c.anes from ducts run in enc1 o sPd a.ir chanbers . G-re~ t prec o.u-
-tt;· 

t ions shoul d be used~ eparat e hieh tens ion lea s a nd buses . 

A eo orl p1an L that each of the b u s-::s s weJ J as all the lead., 

to and rom tne□ , be comp etely separated from eac 1 other by 

c ·::mcrete , .. oap "'t on e , .c m.a.t'b le b arri ers , thus minimi z i ng any 

spread o.i' a ccident fr om one con duct or to another . 

- : - : - : - : - : - : - :-: - :-

TI R LINE . 

Subdivit1e d unrler t h e f'o l lov, t n'; heads , c onr uc tors , 

i nsul q ors , p oles , t owers and · ' protective devices . , 
The t ,"o vi al f' ct O P "' i n the l ine a re Jo s s and r~r,ul atior1 . 

The losses are C •1,, I( ·and sh8uld b e exp ... essed in ·ratts or 10rse 

powe r or ac a p er cen t o f t he enerey eliv e e t o the ltne . 

The prac ical p oint i n reeula t :on · s t he d i fference in E. M. F. 

at the ce n era or an d t he l oad . The v·ord 11 drop 11 : s appl i ed to 

the differen ce i n= • M ~ ~ b e t w""en t' .1.e gen erc;t o r and the Joa-.l . 

The 1·eg L tion i s gen eral ly expres sed in p er r.ent of ePn Prat o1.• 

E . -1T .F . Regulat i on in a. Ci c lit is , in 0 P.neral , r1e ermined by 

three element , viz : :1he res i stan · e , the c ount e r E . M. F . of 

the cii., c uit an d. t he p ower fac t or of the load . 

Tl e counter E . T" . F . o f a l i n e rlerends up on he s:5.ze of 

wire and the dis anc e b et '-"e en the '-''il' e s , a nd i t increase s r..ire&l y 

as the l enbth of th. circuit , the nurr ent an1 the alternntions . 

The cfro p or <1iffer<:=nce of potentia l betv~"'en '--'enerator termina:l s 

and the load e1.--mi n l s ue to the c ounter E . ~,i. F , o f t h"" line 

depen c1s upon tle seJ:2-lnducti :m o::. the loarJ . In matin:-: c a Jcul a­

tions f o r r.ize of c 0nduc t o.r s , reference shouln. •~ r_; __ ae to standa1'd 

t a "bl E_,, ·::>.r.·tmlae a n d c u rve s, 1L1ic.---.. ell.' ,) · ccessible ... ucn tahJ.es , 

formulae n.nrl u2ve ::i b e inc e xpJ.ajne d ·~the reJat :ion oi' 1"'•;:i.c t anc e 
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the s:i zes of Con du t o .1'S OP dinar .i.ly 1rne rl i.n p:m~r trnnmniss :i :m · .nd 

also ot11":1" ::msta.nts of trEv1sn:i.ssj on circuits such as · r .. city 

unles. it 

I~T ULNrIOH . 

As eli::;ctric pov1e1~ trc nsuission cannot be su~ essful 

uu-is able to delj_ve1· intePrupted pow<=:r , continuous opern.-

ticm s:, fnr as the r:m.,m · ssian line i s c:mcerned depend::; lar .._;ely 

ur-on the eff~ctiveness of the insulator ' 'lhich is employed . Imm­
not 

la ors r.mst therefor•e be ol,t a i.n"=d which ,·:ill fail in ""er•vice . 

' The potent i::..1 th3.t can e en ployed safely is J j_mi t ~d by the 

pressur-e the insulatox.·s wiJJ be· •r ,.as trunsfonner· t t hat are in.hle 

an~ not exce3sive in cost , can be huiJt fr twice the voltaee 

tl1~t any line yet constyocted wil l withstanc . The problems of 

I insul t> ion a.1."e becoming better undePstoo • The capac i ty and tl:e 

surfRce :;f'fects of' li.ne in. ulator·s h ve .r-eceived b t little at ten--

ti.on from enr,ine"':rs , and many of the fa i lures are due to tl is 

fact . The materi· ls fo con ... truction of inrm} at ors a, 0 e not so 

Li.ndterl as assi2ne in the past . Glass and p orcel ain have been 

us .d almost exclusively , but othe_c mat er.' als are be i n ~! investir;atel " 

Orennic mater i al ~ such as paper , has great advantage nd is well 

suited for trd.s purpose . Comp ound i nsulators in which th~ et i­

co t. ani water .,heds are made of metal and the core of glass , 

porcelain , paper and otner i nsul atin: mat erials are also feasibl~ 

Expe r•ience has sho l':n th:>.t poecelain · nm.llr.tors which a.re not 

c:."bs()luteJy non- absor ant Y ar·e ," O:bthless . I:: an insu· A.t or ·.s 

bu:i 1 t up f several par· s , ea h pa.rt shouJ.<l be ab] to with tan 



\.n~rnlator is teste-l . In no c se should wooden pins be reJied 

on for insulation as their value i. <: only t·"r:11orar y . As woo1len 

pins tn time ~ eaxc; become dirty , absorb moistu r·e anr bur·n of'-1"' . 

Expe ri':'nce points to the a ,lvisability of usin0 iron pins wtth 

modern irHrnlatdlDs properly chosen for the lino. pot ent:i.al. 

Lo ,tg s r,ans are advocated for transmL,c · o lines . This 

caJls for a ubntitutton of o·r.::>r>s for wooden po~.es .. et us see 

what can be e;ai.ned bysubs titut irga teel tower construct:i.on 

w·· tn lon~ :::; ,,ans f or a WQO en p o~ f Jine . Short circui.t~, are 

by far the most COill.l;tOn l ine dif ficuJ ty , the only remedy for 

whi.ch is to put the wire s so far pL :r-t that they are unlikely 

to be bridc~d cross . This can re a dily be done v~en as eel 

cross-arm is employed ; burnin iG of course · enti r' ely done 

awFl.y with, where met.al eonst uctj_on is usAd . Fa ·.lure of insula t, 

from ele trical caRes can be obviated by get.tin~ larger an• e 

ter insulato1s . This i s practicable where the s pans e re long 

an the: umber f' · n.,uJ.ator s smaJ 1 , each met al tower is a 

ligh nin .:::; ~rr ester , ~ncl ar. they - re the Illighest points in t},e J ine 

they materially assist in its d ' scharge . The ower itself being 

a con uctor cannot be injur•ed by lightninc , as the wooden poles 

{rould he . Steel cons ruction can be figur erl t o me et safely any 

.. t r s. ins that can come u p on them and CP..n generally b e located at 

sa f e places , where there is no dang r of washouts , also no danger 
ov erturn-

of b11in,ing from fores or . rie f' ire.. . Le :s s li bility from ~ 
construct e -

inG by heavy w·nds . The deterioration of p1,op erly""- nd well 

e R.lvP.niv~d ste l towers is very sJisht an,' is prao icqbl. • neeli­

sn f ar as th~ r ins and cross- a is F\re c one . rned .. Any part 
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of a ·teel tover can be readily removed and re )laced . ·ithout 

interruptine the servi ce . By far• the greatest gain obtained 

from lont sp ns is in the J'..·edu c· ion of the number of arts . 

I±' one insulatins suppoJ~t takes the place of four or five , llne 

troubles ·rrill be reduced !lea ly in direct proportion ; the inspec­

t.-· on and r 0 pair of the line Ycill be much simplifie and i ts cost 

of maintenance co ... res ondinr,l y diminishe • In tropical countries 

woo en poles are p ractical ly inadmissable on a ccount of t he ir 

destruction by insects . 

- : - : - : - :- : - : - : - : - : - :~ 

PROTECTIVE DEV CE S. 

The line must be p ote ct e d from l i chtnine d ischarges 

an 1_ t e prcbabil · ty of h ort circuit i n g by other ines faJ ling 

u on it . The best practice is to employ t hr~~ guard wi res , 
E</l 

one ·t the top of the pole , done ate ch ~ Mlrl'~ o E t1e cross-

arm. These guard wi.res in ad ,q_iti-::m to prot ect ing the line from 

other lines or ob jects fal ling cross i , also may be use~ in 

conjunction with ground wi res . as protection : rom l "ghtninc . 

It is the practice in the or i11r v line cons ruction to ground 

the top wire at every 5th. or 6th . pole • L ghtning arresters 

are to b e instaJ le~ part icu arly at t1 e ends of the lines . 

The line also coul, be div :l ded into sections by suitabl swi tches 

so s to loaclize troubles . 

- : -:- : - : - : - :- : - : - : - : -

The 11ne ut e ch ... nd should enter the station and sub-

st at ion throuch , refer b l y t erra. co ta p ipes of suit ble iameter 

ccord1n~ to the pressure . 



hese pipes t o have i n each end) h eavy pla e 0 las~ d i c s , lrilled 

to th~ gauge o· the wi re . The o tsi e nnds of these pipes to 

end 
have a sh 0 lter protection . IJ:1 e st ratn of the ine must not 

be bo rne by the bu" lding , but the last pole shou1 ·.1 be securely 

- :-:-:- : - : -:-:-:- : -

SUB-STATION . 

The substation will cont in l iehtnine; arL~esters , step-

dov n transformers , oil circuit bre kers and other inst r ument to 

be installed with the precautionary insulation as outlinEd tn 

the station equ i pment . 'If the ubstation is locat ed in t h<? 

c enter of a Ci t y or densely populated coi:mnuni.ty it would be 

necessa y to b1 .. ine the hi gh ten. ion vr ires under- Ground to it 

or there may be t wo or more such substations involvin[; two or 

more .ceduct ions of p res sure . The di tribut · on from the s ub st -

t · on s s}- O\' in one of the appended dia rams . 

- : - : - : -:-:-:- :- : - :-:- : - : -:-:-

WATER POWER DEVELOPMEIJT . 

Electrical power transmission has e iven a ereat 

i npetus to the n ev'?l oprnent of v-a er povrers and a clear un<ler­

standinc o" the ~e x~xx i9 one of the duties of the electrical 

... n~in-.. er • Ther e is a reat var111,t ion i n ydrauliO lants 

n vhe chnrn.c eris ics th t det ermine eir us<:f lness and th!:'se 

V'"'riations , re t 1e re .... ult of natural con<l i tions and the manner 

of devQlop111ent . The value of 'I te:::- po wer · a the r es ul ta.nt 

of two se:.s o ':' factors; the ··ize a d natural opportunit ies of 

spec i fication f water powers c cording to the 

opport niti~s that ffect t~ 0 ' ~ value : 



Powers c apab le of ontinuous o eration 1&.~11:tix at 

their full c ap city at all seasons . There are comparatively 

few belon~in~ ta this divi . ion • 

.. Powers v....41J' ble of cont inuou~ ful op~rat ion only 

a pa.ct o:' e ch year , except at seasons ·, h en the iJ ow of water 

does not r 0 a.ch it"' minimum , there !1 re tvrn sub-divisions of 

this class . 

( a ) Powe s tha are capa l e o f be:i.n[' op e at ed to 

th8 r full up jt a noetion of each day . 

(b Poy:ers t..t1at, ovinc to natural conditions , A.re 

l J.mited by the fl ow f water ::io that in dry seasons t1 ey c ann ot 

deve lo ower to the f ull capacity of tneir machinery . 

3 . Powers t u. t are oc c.,.s ionally interrupt e·1 i n whol e or in 

ther t:1ru1 low wat er , such as -freshets and 

In i nvest i ea tir e a water power , the following 

det ermina· ions mu.st be made . 

l a The mi.nimum · low o .i.' wate , together Yrith the 

robable d:arat ion of 101.·: wa e1· periods . 

2- The maxlmum f l ovr of water fron the effect of floods . 

3 . The avail b .e h~d~ 

4 . Storage that cn.n be utilized . 

5 . The erf~ct of lee . 

Ha 1ine cleter.m.i.ned these, the · en_::ineer car 1ecir e 

whether the 1evelopment wL meet h~ requtrements of the 

expected loa.ds . Water flow is seldom Ccnn.hl e of exa ct 

p 1 .. edet~rzrtinsition , except vhere ~·,at . µ:, ers have one been 

estt.'.bli·~he o eau0ings made over a numbe1" o.r yea· .. s by 

Gov,:rnnent Obs e1-vPrs .. Don ' t a<'cep · tl e st.at e!!lent hat ' the 

rJve·· h~" never been l oger than it is now~~ 
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Note : 

In the pr.::>pa.ration or thi:;; paper , I have freely consult e d 

such authori.ties as the Puhlicatior..s of tl e 

..af West ingho se El ectric and Manuf'a.o'tu1"i.nr, 

Gen ~r l Electric Co) 

Co,'.'.) Tl e pr oceedings 

of the American Institute of electrical ene;ineers ,. various text 

boo] u and electrical Journals . 
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