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Pres,"It/! al 'h, :>.201h mcering of II" A ",,,r,
eaH.institute· 1.'/ !·:la.-,ical l'~,:s:iJl(rrs . .Yf·~D 'For/l,
April 11, 191G,

I-IIGH-VOLTAG:C D-C. RAILWAY I'RACTISE

.'\J:~:T!I·'("T OJ? 1"\}"':K

Dur:ng the !xJsllO j't':!!",:, ":(' "Ill'ratio" or (';\"l;ll'i<: raill\"~Ys <II
c-e, volt;\,gl:S of 1200 arl.lt 1DUI) bas become l;()J:lmOn an,1 higher
vOltages have been shown ::- be pr:Letic~bi(;'. The pc.pcr deals
first with thc fn:,dc.ment:ll <iiffercnecs in ap;la:'a(llS for 1200 or
1500 volts as eO!Tlc:u"d ,,;':;, the former 60;)-':<t stan<1Mds and
i,..,dicittes the ;cpp:-:rcut tc<: " nay of gcnerai )':':l:::i"e with rcs:ard
to a !l"umbCi of. altcrna.tivoC \:lJr..structions "'i,,'h:(:~: rnust l\~ual1y ~)C

cOI:"idered. in c<lch spceific application of thcs,," ~yst~'ms,

Referring· th',:!) to the l::;(' of biKh...·r doc, \,C',li" ~!()" which ;',: -;t
bcgip.ning, i~ 'p:]ints out t.!a: tendency to ~'-:'ach <\n uHi!'}~:;.:;(.:

m;~xi~um by e!!',ploying <l :ndtiplicity of VO::<-.l:('S dit:crini:( :ml.
'h:'l:.ly from each othcr, sUc'ha< 2·1UO, 30()(J, :~l;':JO, 120U. etc. (or
successive instaibtions, h rct:omme!1c!s, in order to avoid
theconh::;ion whieh lTI\1st s:tn·ly T.'('slllt from rh~, th"t ('r:Nt~ be
made to estn.!;iis:l at once n siog-:c ,,( antlal":! ;'",' hi~il' voit:tge
lines,

The pnpcrshows lh:1.t fi"td ~l:llHbrd~ in vol V:".: :\re \!sl':\lly lixl'<!
by hro:ldCCOllO:11i.: (:onsi<l'.'l',c',itlllS rall!l~!' lil:l! :'\'Jlhy!',:l'allimil::­
l:;~:lS all" SllgC'('St.S rbll GOOl) voll~ d::'Vl;l ~1I"";'11L \\,()Idl[ llfT,'r a
VC!y ~a'ti~l'-act(;ry voltage :"(\r ~ltch n :-;~:tnclan! i~' ~'0~~':llen;ial ap·
p:!.~a~us fo.:: ti~is voll:\gc '.:,"(',',' n,v<lilahle, F:ll:lll~I,:, l')'lIcllt's
bridly upon the ojl(;ralioc l/ Lite CXjlC,'i:llC'l",a! :;I)()O·\'l,i:, line
:l~ Jackso'l, Michi<:::~ll, wi::,,:: has b('cl1 so ~l!c('c>sl\:l :1." (f) ~~i\'.:
great hope that the systC'nl ',;,ii he l'omnwrci:Jlly .dl:\,;~!()!,(!(l,

TEN YEARS ago. the i:'.,~C1. tha\, apprn >:im:\l.e1y li()O \'ult~

was the maximll\U pO~·:::':~;C1.1 to be hoped. for in the opera­
tion of doc. .railways was ah~~ost as finnl:; cs~,~blish<..:(l ;IS was the
belief in the days of Columbns that the e,d''"b \\'as flat, On a
few roads, it is true, 6;'0 ur even 700 yol t~'. ,,\'as carricd at tl~e

station and in an occasion:1!. rare i.n~tanc('. 1,he Ilse of a hoo:';t:.:r

gave a maximum of sao ;Ii' 000 yolb, L':- >;l il~ thc feeders,
howcver, usually reduced these vallle~ cons;d('\'ahl~' 1>cCore the;;
re<>,ched the car, so thnt thes~ instances rcp"u;cntcd ::nerdy the
generation of d-c, powcr al \.·oltagcs abo':e the ;~·.l:ninal GOO
rather than its utili7-ation 1:'~' :he car motors,

Then suddenly the plan '.'::\5 suggested (.1~ coupling the four
GOO-volt motors'o!"(l,inarily "':'::,loycd on illtc"urban cars in paiTs
of two iT! series ins;;ead of t"o'D in parallel, ;,:~;1 l>f connecti:,g the
generators in the statiom :t similar man'1(;!" so ~_s to employ
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.1200 instead of (lOa volts ... Two raihvays then under construction
were willing to try the scheme, and allhough there were some
Jll is.:.;i \'ings ;l~ to \\" hether it would \I" ork or llot, it. cEe!. The
cntire raihYay illdnstry a.s a result has becn given a lesson in
opell-mi1llkclncss ",Jlich it should not soon forget and the use d
d-e. volta)~,:,: of from 1200 to 1500 for the operation of interurban
railways klS bccome so common that today we are able to dis­
cuss details of high-vohagc u-c. practise.

MOTOHS

Limiting ourselvcs for the time being to voltagcs of 1200 and
1,jOO in discussing the matter. the iirst element to be considered
of :t high-voltage car or locomotivc equipment i~ of course the
motor. /\s far as voltage ],d:\\,een l('!'l1lin;l1s is (;OI1C('1"I«'<1, the
1":q\lire111('n (s for motors to opcr:llc t\\"o in seri,.. ; on ,:ll('h
voltages diller frcl1n those for lo\V~\'ollage sen'ice ()III\' ill
LIe f:l'·~. l,J:;lt slii':)i!'.'" o.r the wheels to "'!riel! onl' of the'two
motors ill series is COllllccted may interfere with the normal
voltage JistributiOll bdween them, ;'lld concelltraLe a hll'gC [l<1~'t

of the total voltage at the terrnin:lls of one machine. Fcar of
this contingency at first led to the design of motors for high­
volta.ge service with a much larger number of commt,tator bars

. tha~ for corresponding GOO-volt sen.-ice, l\'Iore extended experi­
ence, 11o\'/e\7e:', showed that such precautions w('re unnccessarv,

Insulation and creeping distances on motors for :ligh-volta~e
service must of course bc made su-ibble for :.lIe full potential:
This ,,'as accomplished [\t first by " n:cairi. strength and a.wkward­
ness," as·it were, and f· ::11itatio;1~' ::nlJoscd by the extra insula­
tion, extra creeping dista.llces and extra commutator bars on1i­
r.arily carriecl \,itl1 them [L considerable sacriGce ill capacity wben
3 given motor was wound for opcrr,ting two in scries on l200
volts insLead of two in par:tl1':'l 011 GOO. As in the matter of
commul:ator bars, howevcr, wider c:-:periencc ~~ra<1l1;jlly oyer­
mme this dil1ieulty. The extra insulation required for 1200­
\"olt oper:ttio!l is now obtained by thc usc of 1.ll'ller quality ratber
than greater quantity of materi:tl, and the extra distanccs by
i:nprovcd shaping al1(l arrangemen t of [Xlrts. Generally speak­
bg. therefore .. P1otc!"s' ate produced today for use in series on
1200 or l::iLn ','oits with the same dlmensions and weights as if
made for use on only GOO or ,.:if) volts.

In refcr:·in)."; to motors above, I have spoken <).S if the coupling
of two 600- or 750-yolt moton:; in series wa.s the onlv arran"e-• r.>

ment ever empl0yct! ror Illili".i:lg l200 (i:' 'JiOO volts. There
;lave been, howe\·cr. !llll' ll" [.wo il1dall<".·'·; \I"!,ne motors "'I I'e;

been w(lund. cli.;·(:dl~: 1,,;· dIe [ul! li:\l' i;U[.C:lti:t1. Sll,:~,:':illg

geller:l;'~,', such lnol·.n!"': ;'IV 11'::1\":"· :'~(l (~C;lart more r:"tf.licaily
[rom sL:ll1darrl [oll·-volla;:·.· I ksi;.: ,lS lilan ::H!l<)rS for a lJera Ling
two in seril'~;, :\11<1 1l10rC(l\·'.::. ;h(:y do not 1,::·ci t,1,cl11sclves as well
to the opl'raLiol1 or \;be c::'; i';l1:t\~· 1.ll1 (j(n ~lnll partly all 1200
volts, which is so oftv 11 n:ql::'c(\. In ~:l'nej ,,'. ~,hcrcrO'·~, they seem
to olTer 110 1'.;lrl.;l'l:!:L;· ,H1\ :,I,LILT'; ;11111 :"". ;".'lllT In:l. lil t.k l'm­

played.
Eig-h-veltage d-e. raii"·:ly ~mlcli:::e, thl'l"l'I·:)rc. in the J,latter of

mot-o~'s may be s,:l,l to c"";ist ;:1 Lile usc' n( ~W() m'lclliaes in
serie~, thcse being ide1!t'·::tl ill l'om;LrtlC" j(\1l with SLllH~:.ll'(l

111o\;ors for l()w-v()lt:I~~cSl·j· ..·:,'l' (');\'('pt in tIll' '·()1l1]l;\,.:tli\"(·1~· 11~il1<'r

dd.;\il" or (111:llity or :::·::::~:,.i';'l :111<1 1c1l~:l.h ,,:. (·ITc'pi,)". distallccs.

; ·\,Y!"I{()I •

.111' eOlllrul appa,.:I'.:,IS ["l" lliglr-v()il:'~·." c!-l·. ,':1::\\";1\' ('([,:ip­

ml'llts. Lhe fllm!:lmclIl:d 1\·:lllirl'n~cn\.s ,I:·" I. ll l'n)vi,k sl'!1icil'llt
eircuit-opcning c,lpaeity ,.n ovcrCl.'me ti\(· ~~re:Iter ct:llt.lel1c)· to
"hang" which the high-\'l):::lge arcs possc:ss, together with the
necessary means to confl:'.: ,~ese urcs wiL:li:, ]11'ope;' bO'.l!1(js .

The first result was seeur...:',; in tlw early J:i;,:>'-\·olt:.J.ge apparatus
by using two GOO-volt S\·.:~,_'hes in series :.It practically e\'ery
circuit-opening point, anc: "hc second. by hbcl'~l increases in the
ins:tlation and space surl'm:Clcling all live r:I.I"tS, Thus our first
1200- and 1500-\'0It car e(~l;:muents ernployd 1:~ p'leumo.tieally­
opemted switches, where \··.-i.t!l the same (".lrrcnt ,it (j(){) volts
clght would have been ·s:·;~ieicnt. The coups in which these
switehcs were assemhkcl. :t,:-:(), \vcre :Lppr(J~i1llatcly ~·f ;;:. (!;O.D
em.) widc ,mel 34 in, <lecl:' :IS compared \'·.·!'.h [~ in. (If.;;.7 em.)
widc and 22 in. (!);j.R cm.: deep [lH' tile cmt"csponding lilHl-vl)Ll

(\.1 )par~t \IS.

A~ with I;hc )11otors. h"wever, ~:n~at(;!" (~\l'crienee )(-,[ to a
reduction o[ thc.sc ciiC(erel1:'cs in the [llnd":ilenL,[ p:lrLs. SOi!lC

of the extra switchcs in ~!'C first eql1iplw'nls c:tm(~ into play
only V,'!Jell t1;,~ cOlltrulle,· \,·as .. jJ:Ll'keJ (:·~r" [rum parallel ~:)

series, and by imp:-OyenJc:l"G'i in intcrlockit: .. ': ~he work of O;JClling
the circuit ~t.tl1is time \",:,': .... rans[erred to ~\',other point so that
these extra· s~dcches co'::: be omittr:l1. "'loth~r s\\"i tell had
bcen c,:nloycd because it,nc {ca,reel that l>c high-voltage motors
might rcqnire more ca!"eh;~ ]landling and :;~nce u:ore rcs:stance
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:lll!chc,; 111<111 ~t:\IHb\'(l liOU-yolt m,ot.nrs, It was found 1:t(,t~r

til;': sl1l'll \I';\S nnt. Llw l':tSl~ ;l:1d Lhis ";\\,;(.(0)1 ;dso ",as oll1i(l,c<1
i:1 fui.ure cq\lipnlt'I1l.s, 111 (ItC~T \yay,.;, ill (he typ<'s O! cqllipnll'l1t
;nt's!. ;?:l'!H:l"ally (~mplol'l'<1, the addit.ion;:l ,.;\\";I.ches JllT(:ssary 011

;llTOUllt or Lhe il1('re;lsc<1 \'o!t;tge have !lOW bcen l'Il1 dow:! Lo Lwu
for s111:l.11 eql1 iPl1lCIl ts or th :'ce for large om:,.;, .T n .. : ;,llCnSiOfls

:th', it h;IS :' .'i: :,ossibk to \\")I"k uut Ck..',l;n<; for 1:200-v0}t
s\\'iklt grml[ls \Vit.l1 Llle same l'!'oss-sectit)n;l1 ;~rca and the same
\\'ei~~1t t, Ilt'r ~;\\'i t.elt as those for liOO vol t:=;,

.llllxili(/.r~Y Control JJatccs, The inlTodtlction of the ne\V'
clement of o]">('r:,:tin)..; nl dOt;b1c YoiL.:J.ge hns grcaU~' increased
the number of possible combinations :tnd ttltcrnatiYes \\'hich
r:::ust be considered in any given case in ordcr that they may
be adopted or rejected,

In the first equipments for use or;, 1200 volts, it '\\'as con­
sidcr~'! -,u:r1C'.sirahlc to attempt to cmploy th~s voltage for tl1C
aa:-;iliary ci!"cai\;s s.....tch as lights. control, air c:'mpressor, etc"
and so a dynamotor was includcd as a part of the equipmen~ to
lJrovide a supply of GOO-volt current for such purposes, To
reduce tl-Jc capacity ~"equircd of the elynamotor, the air-com-'
pr('ssor tW)i..o\, was l~,'::t \\'oltnd for ore;:ating at {tt\) line potenti:ti,
so thaL ollly tile lighting and control ctrcni.l::; need he sttpplil:d
al (jno volLs, Evell (~11 this IJasis, the prl'Sl:!1l:C of thL: t.1~'ll;LlllVLor

in ad<liLion Lo the air compressor seemed ullllccessal'ily burden­
sume, so Lhat the next step was tu combine Lhe two machines
in a dynamotor compressor. In this dcvicc, the air coml)t'esso)",
illslc~id o( heing driven by a sep:11';tte, motor, as previously, is
eOllllected to or disconnected from the d~:namot(lr wh('n re­
quire(l by a sttitablc clutch contro!:,,:,' by the pressure governor.
In Ir'C0111otivcs or other equipments ,,"here [orc,ed venLilation is
required, tJle opcr;:ttion is still furthcr cOl1solidated by mount­
ing the blower fan on thc shaft of the dyn:unotor so that thc
S<1.'11e machine in such cases sc:"ves rt triple pltrposc. This
offers eon,:,~derabie adv:tat.1.ge in simplifying equipments, and
tile scheme of (It'ivillg tile CllJilpreSSor and provilling GOO-Yolt
eurrcnt for the auxiliary circuits from the same machine :nas
b'~come finnl~- estal)Jisltcc1 in hi:~J:-voltage practise,

'Whcre squipments arc to be ~Y\ot1ntec1 on cars of small cr
I::\("' :";'ate size, hOlvever, even -::Ohis arrangement is somc\vhat
of a hr..ncEeap in the matter of cost C'.nd simplicity, when com­
pi'..rison is r:lade with tile usual GOO-vo:\; eq"Jjpment of the same
capacity, so the ne:<t s~ep \\'as to arrangc thc lighting and control

circuits iClr Cl!)er;lti'"1 <Iii'!"':,;'" 1':'1)111 :,1)(' i:ill~ vCllL;wc, \', '~:l

1 ('LI"I'lll'l}lll'" .. ,'I .. "I'''''''' ,I ("\',111",1. I ',1 ',,'c ',\",10.;,' ',"':' ,;(llWc (' (, ' '" ,', ":'.'" .. ..', , "
all<1 Ull Slle]; ~t I,::,,::, !,:I,)O ',C' I ;,()O"\"u\I, ,'I:':;\',!11I'1110.; I,;I\"\' 1'('l'11
lll;,de pr;(('l.:':;L!iy :tS :c[Il1J!I(, "'\::'id,' :ll1d (';,"\' !I' 'lI;(il1t;I;!~ as

lhose fur 01 Ii:I':1 ~,i,,"l oil r,(lI' ," ; 10.;

As t11~ arl, IIII\\' "[.;1',,' c, 11,,";': L\\"o ~~t'1H'1" : ::rr:IQL;l'J1ll'nts for
hanclliJ1;~ L1l(' :II,I)~\li:II"\: ('il"(,l~i:'", "Cl:I::i"il.;I:.(~ ;: '!!I:il s(;\,:,>,"1 ill1d
one of t.lll' rir:;l, t!c('i"j":l:; "" :H' !n:\d~' ill 1-:,;"1:';;'< :LI;\' ~i\"t~!~

insl;\ll:tlill:l j,: \;('\.\1,"('('11 lilt' :\: : \\'lI :,C]WII1l'S,
, , , \'1' COpcrat-io'!1- on -,rlc'O 1'011-,::,'.", 11t~ mrx:t :';'0,1 Ie sO'lrcc 0,

\'c:\aLious prul)lcil)s is tlte ':s(; of el(tlit'll1CI:I" p;ln LJr !!~t' ~::lle

on low volt8ge and part of. tile time on hi;.:~:, As,far c\.s the
m;cin-circttit apparatus is ,:'c"1ccrned, any L::~~h-volt:tgc equip­
ment \\'in of eOl!rSe ,'_IT! on 11:-,:f voltage \Y~':-i, a e'YTespo:ou.;,n~;

reduction in speed, In onk'r that mc1~ OPl':':;~jon may be s8tiS­
factory, however, spcei;,l :: r,..:t11~en1el1ls Int',,:' 1,~, 1~ \:-:de to car<:

(or the auxiliary circuits,
i\:[anv intc:l'tll:bD-n lines O~)f,:":ltc at high S1)'.: ,::' over tlH'ir 0"'11

rigl1t;s-~f-\\'ay in the open CIJ',:',1,:ry but enter Illle or 1T1r):"(' to\Yl1S
over the tracks of local (j()O-\'olt syste~11s, J :i~h Sl ' l'cc1 i:l the
city is not permissiblc in :I'1Y ease :111<1 so :lj)PW:\j\l1:,I,-,h' l~:llf

of "L;,,' 1;0;-:;'''::' sneed wltell flilming on (iOO \'o:Ls is "1,ni('il'T~t.,

r"or e:lrs opcraLi;lg unt!cr ::;;;(;1: CirCt1111SLa!HTS, il is (,Olll;lllil1 La
pro\'jdc for reconncc~\!lg tih) li~Lling :tnd (;'~!ltrul cirellits so
that Lhese will receive ftlll \'; :;:l;(e \\'hcn tk car is jn the GUU­
volt section htlt so that the ~'!'l:Li\l motors will r('.ma1;l penna­
nently coupled in series a:~d Ums operate ;I~ half s!)ced,

If :1. (lynamoLor COIll\JlTS,:,':' ~:; l'l~lpi()ye(l 0:, ('aI's \\'heh operate
in this WilY, thc ~ame chal;~':l~~; whieh arc lll'l'l'ssary in any caSe::
to <.-are for the lighting and control cireuiLs :, \ltoma (.ic:d ly c:~n'

for the ~ir COl1l[1iTssor as \'.. dl. connecting ',llts f0r lui' spccu
1 '1 ' ,r 1on both voltages, III C:1S\~~ W 1ere apr!":, ' "C\.te y "l:U, speer"

Oil low V(lJL;l~L: is slinicil'I~t, ",)" l.1:l~ ;nain 11' ,"I'S, h<)\\"l'\'cr, the
distances arc' ust1::tll \' short ::: I,~ half speeu ()[ \'he "ir comprc:~so1"
also is sllmcienL. \'V11ere C:ll";; \,-;}tielt operaLe, ;11 t.lli:; \yay cl1lploy
D. h-igi>\"olbgc compressor i:~:'~c:l.(l of a (l::::::"notor COl"!lprCSSor,
therefor':, ':', ,~::~m!!:e is on::"::_:'ily neccssar)' :'1 ib c\fcnit.s for

the lo\v-voltage o~)('ratioa,

, Siacc the n;,olo;s ')r, Lg~~,-""J~tage cars an' ',~.1 gelic"':ll \\'OU;1U
for onlv GOO or 7:,0 volts C2.(;;', tl10 C:1.1" C:l11 if ,'c"i:""ll be ;\:T":"G
to ope~ate at full speed on i:':) ~:l high t"':"': :C\\" \'oltage, W i~\:r~
this is required, a mr,in ch;~:,;;c-ovcr $\1"\;','" :,'; emp]oye(l ,,'}l:ch
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connects tl,(': motors of e;ech pai~' eithcr in scrics for higb volt­
ag-c or in 1lD.:o:Llic; For 101\" vol ·ag:c. (\1:<1 ,,,hich C0;ll1ects the tl\"O
halves of e8ch step of the m~in [esisbnce in a corresponding
way. Suitable connections for air co::npresso)", lights and con­
tral circLlits can also be included in the same s"Yitch so th:lt the
settjni~ of a S: :lg:ie piC'ce 0: apparatus into one or the othc of
t"oo positirl!lS cha!.1~es the ca.:- at once for usc on high voltage
or on 1m': ';oltagco

"\.'"}~en the proper scheme of operation Oil the two voltages
ha~ bcen decided. the. next point to determine is the· manner in
whieh the changc-o\'er sllou:!: :)e cfTeetcd. The simplest method
ill eitber c~se of course is the t:se of :, m:wuaHv-ooeratec1 switch
on each cm. It is sometimes desirable, ho',':~v;r, to 11ave thc
ch:cn.c;c-o,"er s\\'iteh lccated bcncath the car and. mra nged for
0pc1o:'il ion I"ro111 the p·iatfor1ll. Tn other cases, it is (1csir:\1)Jc to
Ilavc til(; swil.(':H'S :11Tal1~:c<1 not olll.v ror <1isl.:(;~t c();11:ro! in this
\":1" Ind. :lisl) :01' SilllUll:uw(luS npcr:l~.inl1 tlJr()~l!:\IOllt. a train
0[' val's.

Tn su I"pl ('mell t tilv apparatus for chall.~i!l.r: C('J1 11L'C tilJl 1.') '):1

equip'mcnLo: so ~...ll:tt .tile." I11<.lV I)e oper;lted vi' (;~!lcr hi.~h or
10\" volta.gc, protective devices arc sometimes (lesircd to pre·
venL or 11'111':rn:/e tile trouble whie:) mav occur in C:lSC a C:lr is
subjected to l1i,~h-volta~c "v.h'~·; >.s ch::nge-over switch is al"­

ra:1g:cc1 in the low-voltage lJos1tion. Such dc,.'iccs fJrdinaril\'
consist 01 relays of some form which are so C0I1LC'ctN1., whe~
the change-over switch is in the lOiv-volt.a.ge positio:~. : :.: ~:. tbe\'
:lct quickly in CQse a voltr.ge in cxccss of the nO:':-;OQt is applied
to the car~ and cut ofT the e:rc(,its whieh Qrc likely to be dama.ged.

The choice bClt\Veen :tutoin::1.tie a.nd nOIl-a.ll tomatic acceleration
is not infll.lcncccl particllbrly by thc usc ot hi;.;)" volt.~~cs except
that such vcltages ;ere more often employed for interurban
1iDes \I' h('re nOll-au tOlT.:ttic acceleration is orc] j lIariho considered
j1J·C'!'..:rahle. The nccessit~r for running on both (j(')O and] 200
volts in man:--' cases also usually' int;'oduces certain c:omplica­
tinns in Jli,c:h-voit:l,f:;e cquipments :')Hi therc is a. tendcney to
adhere to \lori-automatic control so th:tt thc simplicity of °this
",oili, ::1$ br ;es possible, offset the y:criolls co;nplir:ations which
n1'.lst be retained.

The lise of flclJ control or norc-fidd control also is not par­
ticul9-rl:' 8.f[ec'.;ecl h\' the employ:nent of high volta.~cs except

. as i:;fh~eneed by ~'", same general idca mC:ltiOllcd above '.':>

regard to the choice in the type of accelerat:oD. For th~ sa:":e

of ~;implicitv. ther'.' ;<: a lc-,:<, ::,'\" to :H]1Wi"l. :~')n-~;('lc1 {'f);1'Jol

to orf~r:'.t 1l1l;Lvoida!)it ' ('I)n I ,;:'" 1/~·;,.Jns ;lJ n; ~:~, .. j1n~:ll·s.

A11(,7"ii;;!;7:Cs ill C!ll/f. ,,! . f ;·:'.'i'rill/l.\". It ,··:ii·. h,' ;;ccn I,'o:n '-~H~

a.bove i~',lt Cq~11 Wtl,h 1"'11':1', '::'. pri'IC'l',:::.c iii :<~h-,.:ojta:-:c eol.!;])­
ment f;Liriy \'.'('il :;~:lnd~lrd!">"~" :1 ho~..:~·, ot \\,.··llativL:.~~ l1~,-:~iliy
present. t1Wllb'.I·,:(;:, 1',,:. ,:,~I::'" ·;-':.l'.n':. i:1 :ll:r!o:'.t ""·'.T' e:t<;e. T\e
mo,;t COlli"]": '/tw':[.;!ll1'i :"',' · ..::i,;:\;(1 1. i l;' """['.; .. ' be 1200 c,~

L>U(); ShOliki ,IH' cql;ipli'C'II' I"~: uf ttll; dYT 1~1('1;r)r COT'1;.'-··">;O:0
0,' of the n0I1-d~'I1:11I1()L<)f" t\'i'~:: lI·in it kIVI' :" (/""r:~t·.; ';;l \;i"il
o':'1ltage (1r~:y c'i' 011 hoUI ]I·i:,.~· ;!.!~:l lOll' ':"!,.".C: :1 I'V([Il;!"cd ·~o
OJ)(·:·;~te t>11 lor·: \'c!;-:t::c :l~~ \':r: i ;l~l Ili~:·Il. \\,:': :i:df ~pt:t;d he su~-­

jiCl~nt o.n main allli ("O!);i'>1";:-'~(110 moLvrs ();- ,... \1; filiI "ilCe(l on
bNi) vo!t:q:es be !lec<.;.,:·:"ry: 111~tst the ci1:' ;~: ,;"-ovcr switch be
arrangcd fur i:"clircd conlrr ,' 'JlO \yill m:ll1l:;:: O\ll"!":d ion i)c ~l:f­

fici<:l;t: iC indi;-t:cL: ("o!1!r,)l is '·';'f[l!in'cj. e;1ll it. ;.".' Clliliillt'l1 tll t:IC

i::i~i\'~c1tl:t1 (':l.r.":' ()~. ',,:in ~~;!1~ll'I~ln("Hl~ ()11I'1:~~i li! !l!~·('llq.:IHlllt.~;:c

tr;lil' jl(' l"('I!UiITd; is :1 I'!";~""I in° 11('\;;·.· :";!l.\:l! 1.11 ~':;I:I:'d

:'\;'::\i;I>;:-' <1:1111:1:;1' ],\' till., .:q):,:j'·:ILi'>I1 <"I' : i,,· ,.1"1>11;; \'III(;I;:t' 111'

lI·jll this !lllt. h' rVljuirql;' ! \liltT Sillii!:l'o " :.:< ill'I:; lIli;:I:[. .Irc
:ldtll'd t" tile lisl. i>l:" 1.1Il'~;'· :: :'0' l.!it: 11;P"1. i·;, l" 'I"l:u;t Ollt·S,

l\·lnst of these nl<lttcrs ::r(' ::I';:~"v il:'ha'llc(',; ill' the illtlivid\lais
who e');ltrol the I(x;)l siLI1<ti\O;l, ~(> tl1:1L it is <\in~C\;iL ~L' gener-
ali7.e witi1 :nv dc:::rc~' of :ICC:.;'·:I,'Y. :\" [(t,' :~,: ; 1"111 ;1'll"c J',.".\.-• , • • C ," l ......... 1..,;.

ever, C'.ii':·Cilt )r:lct.i>:c ,>;ec:r:~ :.r) l)e i'~l1(h~; in thc foUo"'ing
directions.

:Where t.he hig-f-l-volLl.l;C C::~'S ~llllst r',111 onT existing r,nO-"olt
lir.es to any considerable c:\:v;'!~, the l'X~lcL r::tio DetweL::l1 GOO
:md 120() ,00Jts ol"fcrs son-,' r,cl\o,cnta;::es. ~~i;1('e hi.~i:-,,()]ta<.:L'.

motors arc m:ldc [rom eX1S\:;':~ st:l.nclarc1s :l~.';«. L,KTC is :1 wider
range of <.:110 iet_' fnl' 1200-v,,!\ t>pcr::lioll tb;!:: \ile!.... is f l )[ l:j()O

volts, especially where 51:1;';1 sizes of ;nO~,.1!·S ,liT ;·c([uircd.
So far, F)()() yolts ll:tS be(:; u::;ctl ill sccll(·Jh lI.. here li()()-voit
lines );:I\:\' been cS!;;liJlishl;'d ;'nJy to :t lim:" : (~xl('nt. Ul:ll: is,
ill COl~p(!rative1y virgin te"":llJry, while J :Z,:U \'olLs 11:1:-: ill'en
employed in section;:; whcre I :;"1'1' l~as alrL':!d\- i,vCII ('ollsi\krahle
uOO-vo.1t dl'vc1opmel1t. .1 t ::",':>: pro]xl])1,· : I!:lt !J;gh-I'{)I~a~c

pr(l.('hse wil1 cont.i 1111(' to foi ;"',': ,'ht's(, 1~ IH':~ t':>;:'l'pt i11 ~,IIl' case
of the elcctriiic;:tioll of br;::wh ;';-,('s on S'CIITI r;-.ilro:\ds 01'

s1mil2.r instnn·.~·c~ \\'11<'1'<: (Y~l":~~·;:i. ~on~ \\-:,:_;} ('X~~: :l:g' iii"':(":' \\-::~ ~}a\-e

l.i~tL be8r;:,,~.

Speaking broad))', the gC;""oa: t.enc1ency i,' :ow:1i"c1 the ,tSC

of tilC c:ynamotor cOH:.presso,· 'in l<:.rge expen:si·...:? C3.rs, p:nti,-,u1<lrly
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III till' 1l1altcl' uf s':,·i'.t;llill.~, LIlt: prilleii';J! l,I';!;l}..':CS wltieiJ h:l\'C
bCClt mack ill h:m,l:i:,g C':.I:T('lF at ] 200 01' I;-leU '."olts illsle:tlj of
at (j00 volts !lavc bcen for th: pHrj)ose of insu:';',g' safct.y to the
opcrat()r~ rathcr than for any <Ith~r l'C<1S0:1S, ;:'''r ~ !lis purpc"'c,
~wit ('~:Loard panels 11:1.\'C 1.J<.:(.:J: madc higher ~: i~ll J:Ul' (iOO-vo; t
:-:l'n'ilT and the circuit. break'l'!>: 'ol':ltc,l UI1 thL'lll so as to l>e out
of direct rcach, For opcnin;'i and closinl-: th.' breakers, long
wooden rods iea<.1ing· to ins;'lJ~I!c(: handies on t:1l~ lo\\'ci' iJart of
the panel. 8.rc provided. V\'lJ(~re two or more breakers ai"e
located side by siue, large b<1:"';(;:':; are placeci I,,: !;Wcen them to
prevent any tendency t., flash ~('::oss, Knife s'<:itchcs bC',\,C' also
been located Ol:t· of rc"ch i:: ._ m:~nner sin~;',::' tOchc eil"Cuit
brCQkers aui 8,.;'1.1':.ged with l"C'G: £Or- distant ce-: .... :'01.

dl'livCl'in.L:· 120() (JI.' I:-)()f) ':I,,!',.; <Ii ".ct.!\. \\'("',~ S'H"t pr"c!tl('(:d,
/\[ firsl. lilCS(~ \\"<'1"<' "j [.111' "i·ili,l;tl'\, l''''ill;i;::::till~:''lllk I.~'pe,

S(\c'h 111:!("li'll's 1!(1\\, , I"'\\'<:\','!, 11:':;1,1:\, l"ll1p!,,\· ;L ,'()!\lI;('Il:-;:tting

winc1:;lg :I!; \\'('11 ;1~; (·()"I111:llri·.!!n;~ Pllil-S.

The Iwxt slc'p i!l Ille j:1'l)<1t.1<·'.;f;ii or hi~~I1-\'o:' (' <l-e. 1)<)\\"('1" was
the u;:;,~ nr (.\\'0 li')U ·\·'Jlt. :';;"H'."\:lc ~;.\·!ll'ltr{)llr )1/.< clJl1\'(:rt<'rs con­
nected ill sniL";, ;\llti "'hi:\' tiJi,; ".' '.'; ('ol1:·;idl'J'(',: :1. 1';!r1il';!l stC!l at
tlte tim~' it; \I':l~; Ii n;t; prul ;" "'f 1. !: ,': p,'rrnl" 111:'.1 'l't" "i )L;ti;l,'cl was s()

sal·.isrnl'lol':,:· !]':<l. sin;~l~ 2:)-''',,(·1,' CI)!]\'('rLcrs j'l'"dncin,( I~OO or
1500 volts on one cumm f lt:L!,1,l." kt\·c HOW I~, •. :: de\'Ciopcl1 ;]':1d
arc ill :'mecessful H!;C. vVitll V! cycles .. tlte lJ1,:".:mum \'oitagl: so
far cmploycd from a single n!<lchine is 1.30 so t.l:<l.t two n'lQchines
in series arc still requircd fo!' nigh-voltage El:~~. The :'cr[orm­
an,ce on this basis, howeve::-. is most cxcellent..

COT':TDon snbstation praeti,sc' for high-\'olt:l;~( d-c, ii:ll's is now
to employ single synchronon.s convertcr" Y·:}lcTC pO\\:(,1' at 2:;­
cycles is available, and to usc eithcr motor-gc" ''';1 tor scts Of two
convertcrs in seri~'s, where liD-cycle PO\\"C'J" is cmployed. ..::\
poxticulo.rly efficient substati(),.~ n.rrani::cment ~)l; thc iatter basis
is secured by installing three s~'nchronouscon\,,-,~·t('rs "I) <1r;'m:gcd
that :lny two of thcm may be ,'(1uncctcc1 in ser'r.~s, This }.:"i\',.",; a
spare machine at <l. minimum C.\Dcnsc. ff a. s~"gk 11:l11k of tlt,e8
trans[on11ers is usc'] for SU]JIlI~'illg these CU':\Tl'tcrs .. a sp:cre
tran:;f.ormer as \\-ell as a spare c:)nvcrter is :d~."J ~CCtll'c<1, so that
the :;'.:1tiol1 is prep;\rcu fur alnost any emerge-'l:cy.

POWER Sr.:l'J'LY

Direct-current power for high-voltagc lines was first obtained
bv the use of two GOO-volt generators; either er.t:in('- or- motor­
d~iven, connected in sc:'" ,:S, Sinee t:lere "l2,S !10 ;:.:1:", icubr
Ob~0Ct in reto.:':::-J','; t"c, genera.t01"S in s,~:-:es such as there ,vo.s
fo; rctaining two motor~ in series 011 t~'!0 C'r'.:'S, generators for

where rlill slwl~d is n'ljllired 011 half voltag(" ~:il1(," this a1T:ln~,~­

I11Cll! knds i[.,;(,lr r(';I,lil\' !n ';11('1, "IWl'ali"I1. I )\'11:1111<1(.01' (' ..,,,~.

I : 1 I " I I "I' 1')('.()ll10ll·v('s 'YJIl'n:PITSSlll'S ;1 so ;11"<' ,,:11'(.1('\\ al' y Sill c.;Ill' 0

forced \'l'lll.i\:tt.!OII i;-; 1itiliz('c1, 1\11" sl1l:J1kr ;\IlCl 1t:ss cxp'~l1si\ic

rollin~' stock, .1ll>I1-c1\'n:l',~ntor ("'iltits :erc gl'ncrrdly employed,
alt!ll)~;~~h I.Ill'rc is an;r :elw:eys will he :l cCl'tain amo:lr::. ')f ove\,-
lapping, ,

111 the older seclions o[ the coun try wlwrc ,ltst:lnces oF. [ollr
o!.' ii,'" miles 1ll1lst sO;1ll~tilll":-; be run on city tr:lCks, ~lIHI \\'here
through cars u\'cr (iOO-\'ult lilles are .\ikdy to be c~n;.':').\'l'd,

cquil';lH.:nts arc nsually requi:'(:<1 to oJ)cr:1.tc at bii "iWl'<l on
half ,'oltage, Equi1)~YlCnts for operating at half speed und:f
these circumst.ances, ho\ve\'er, offer considcrable advantage In

weight, cost u;-"d general simplicity and \\'ill u:1doubte<11y fin,a
a considerable field whcre circumstances arc fQ\':,rabb to thelr
lise.

'\Vhere brge Gars are arrang-e<.1 for fun specd 0:1 both voltages.
thc tC':ldcncv is to\\':lrd the use of fun spec<.1 for the 01)' C0111­
pres:>or :.liso ~ On smaller COli'S "'here a~ a, rule ~hc ,compressor
J~:IS more margin, half spced of this deVlce 1S or<.1l11anly tho'Llgllt
sufrlcient evcn where the main motors operate at bll speed,

In t1l8 matter of change-over switches, the general tCll(k':lCY
is to employ t.i,C simple rnili1l1n.l1y-opemted Lype except \\'rK~"C

cars arc opemtcd at close ll<.'aclway or ,\rc con<:tantly llse(l 11\

trains, In most cascs, also (lcvices to Pl'ot,~ct a~<li;l"l tilc W;'O:lg'
voltage arc not considcred nccessary.

l~qll-if)mei1t\· ~('itJl Drum Control. I ]love spo.kell 111, ,,11 ,of
thc aiJov(~ with partiCllbr rdercnee to equipmcnts uSll1g lll­

din~cl or multiple liIlit typcs of control ;incl primarily with
reference to those llsing ~lcctropnetlmaticcontrol. While high­
volt:.l:;e equipments are occasionally used with drum-~ype con­
trollers, espccially <.1oublc cquipments with r11cost;':'llC control
where cars for ci~v service arc operated in sm;:ll to\\'ns hy i!l­
terUl'ban compani;s, the number of these is too small to walT;.I1lt
inclusion in any geucro.1ization st~ch as that with ':.:;- :ch we h:.lve
been dealing:,

: ....
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LI:-:E CO:\'STRLTTIO!'i

Thc first 1200-\'olt lines employec1 direct.-suspension 0\'er11cnd
trolle\" \\"ith a spcci:t1 form of porcc:1ain insulat.ors, Thc c;ttcnary
form 'of construction offcrs so many a<1v~U1tages for such lines,
howc\"er, that generally speaking, the most common practise
is no\\" to omolo\" this. Several inten~rban lines are using :;~'OO­

volt third rail s~lcccssful1v for supp1:V'ing power but the voltage
surges to \\"hich this ma~;givc rise ~11ider certain circumstances,
the <limcl11tv or clearing :l. car in C:lse of ae('\t.1cnt 0.11<1 the general
safel\" ha7.a~·d incident to the maintenance of a live conductor so
close" to the ground seem likely to limit the use of this form of
eonstructiOIl.

, . } '1 lt t m ~ l'~ t1""" I '.'._f c~, ,or','';n erA gro',\'ll1g practise on lliZ 1-VO ~ge ,sys e "''' I, '. 'L. r.'''''
the [('e<lcl's for a cnllsi<1er:lh1c distalH'c from the Sl:ntillll before
t:qlpjl1~: ;.: to l bc t.nlik~' ~() ~IS (.ll limit. L1~(' pns~i1Jk ('111Tent (1<w,;

:11 ('a~l' "I' (.l"lluhk or :111Y killd 011 l.hl' ('::.1':,. \ViLh 1.11<' ('xn'li\',!l·.

\'(Ylt:l~'l' l'(lIHlil.i(l;I~ \,hi;':' (';111 ~Il (';I:,il,\' he :;t.:l'l\l"(',l 'III lli~'.il'
\'Ol~:l~;{' lillcs, \!It' :::i~ht ~;:I(,I":rjl'l: \,llie!1 Jln;d I.>e JII:lCk r'.,r lIll: :;:tkt.:
or Jlr;;t.ecLil;~ the stlilst:Lti()~1 apparatlls 111 lIti:; W:I\' e;111 uSl\~dly
ht' \\'('11 nfTo]"(kd.

ECONO;\1IC S\l:;-':IFICt\:-"CE

III :-;tu d \' ing llw <k\'eloplllcnl or ; ~()()- ,1I Itl I;)()O-vol t praet.ise.
tile fUI:d,l~m'ntal point whic:l1 appeals to me is U:e casc, sur.ees~
ancl speed \\'il.11 whirh so f:lclical a. (1cr,11'ture rl"I111 prC'.\'ious prac­
tise has been c;,n'iccl out: In most developments of so br­
reaching a. nalure, J'~:1.ny SO\il"ces <:f dirr:eulty o..re usually ov~r­

looked at first and must he carc(l for in later ;~:)parattls at m­
cre:lsed c:\.pense, III the hii-":h-volt;q~c d-c. railway system, how­
ever, ius!; the opposite has app;m:ntl,vh:1PP('l1e'l. M:1ny 01. the
possil;1c diflicultics seem to )w.vc lJ(;('~i o"er-cst1m~t('<lill import­
ance and JIluch of the trouble anticipated h:l~, r,~!lc(l to appear.
It h:1S thc1'dol'l: lleell possible to gradually simpliry :111<1 chc:cpcll
the various fU11(lall1enl~11 pnrb; wllich ~:o to make "p Lllc system
insteacl of havill( to follo\\' the oppusitc a.J1<1mo1'e t1su"l proccllur~,

It is difTll'1..tlt to say wllClher this exceedillgly gratifying condI­
tion was (lue to the '~'0"e ad·.. :::~cec1 eil}:::lcering alJility of t.he
times, to E~( ;~l,cre;:.c o:.mplicity uf tht.: (1-,:. rQi.lway O-p.n:-tr2..tus,
to the very excellent st8.te which such apI):1~·8.tt1S :'0:- GUO-volts
had reached before its extension to higher \'oltages was attemj.J:cd,
0" to the fa.ct t:~,:c the j,xnp ':;(j :300 0:' lDOt) volts, while s('cmingly
r8.t.Ecal, re' .~;v subjected the apparatus to conditions diiIcring

eomparat.i.\,c1y littlP. fnm.~ j-f.".-" m<:t \\'if:l i'l (;I.H)-yolt: practise,
\Vh:l:.cvcr the CL1IS(' in,'v 11;).\·" ~":"1I, llO\\'l'.\TI", ; 'iC' !'l'suIL 1"I.';11:1:I1S

as a remark:lbh~ triIYlil·: !.C, : i,· '.-;" y,ho sh~~'I."! :;1 iLs ;H'(,011~pli:-;!l­
ment.

The gelleral1\':;ults (Ii l.iw i· :)-\'olb.L:(~ <1-(" ·.;\sl.t.:m 1J~l\'C been
to make pO~;:'i:,1c th,' L":I1:;l.r::;i(.I;") pf intcn;:'/":,n lillcs or tl:e
elcctriftcn.t.i()ll of L:,mdl :-;:"';~'I; r::il:'O:Hl lin(' :If.. (:onsiclcmbly
less expcm:c f(ll' a i:iv(:,Jl VT;;:.:· (.lL CI)n<;I.·l'~IC'I ;Ci:~ I:h:111 \\·1t.11 (iOa
volts, 01' to r,-:nd(,I' ]1')i'.:-ci i ,!l' j"",,~: '-:[\"('11 ('.'\jlC'l':i·'il'C Chc ('<lllS(TllC­

tion o[ linc." ('apahlc 0:' l:':')':';")~ l11ttch !:(\;\ i,r lr;;'·:!l'. Till'
usual p:-uctise has app.1.;cnl:iy 'Jl'l'n a C()~11Pi"OI1';':\' between thc:,~

two possi:)iEties, which has ,::,','c(l to Jlll:t11y l;;·:'.;~sE('r the electric
line frolY'. the street C::t" to thc ,·c;\'. !';l:iroad cim:.s:s r:lr ;);.~ tr:cnspo:'­
tation possibilities ;ll'e cOllce·r::-.;<1, whi!l~ stili !n:lj!ltainil~i-: tlw
rel'll.illilship and sil11ila;it.v ',1"<' 1'('1'(')'('11('(' \.(1 I::., s;11'pli,·;(.\· :11\(1

J"l'li:t1,ilii.:_ or t1~(' a.PP;II':t!.\1S. ."ifll p;':I<'I.;,:;··;\' ;Ifl :'.1"';::.,'1' \., .

IK:ndiL:ln: r"r SllhsL~iI.i:lll<'; ;lli': ,"':'<\f'I':'; t 11'111 1::-.' 11::11:11 (i()!)-\,,,]I,

(.1'011,,\, lin(', S11<'11 rn:I<lS :11'" :I~ ,:.' (,0 "1111'1.,,\, r:·,·,:,::!. (II' fl:I~:';O'II).'."r

t.!":lins iirl-('r Ul('m:111IH':' 01':-;(,::1: 1 : :il'(',; ill :1('\'{)1'lI:il'\':' wi!.h LilC lI(;ed,;
01 (.h('::· illl:-;il'l.'~;;; ill.';lt':u! <lr it:,\ ill): 1.(1 1'<'';(.1';('(. 1.!;.'!1l (lll ;;('('<lllll!. or
li1l1ir,:ILiolls ill Lile disLl'ilHltiOl 1 .!~ i~'.l\"'("',

2JO() ." N I) :l(l()() \.(l, .TS

The <'11111p<LJ"ativc case wit!, ','·"::t.:11 the !.ISC 0(' i :20()- :1'1<1 I:i()()­
\'oll d:J"l'el ('uJTcnl; "\'as l;-:~:o.::\"Tl'll. (rom t.!ll' real !lIS o[ un­
certainty to the Jist of cvcry-(i:~:.: ~;(:i":nclar<ls S'')')1l sU~.t;l'slt:<1 th('
em:)!oymcllt of -,till hi,'~hc.r ve,: ':.:':CS. J!1:,S11lI:""'~ as thc 12(JO-\,o]t
s~'ste11l kill becn brnu;:i1t. :1:)1.;::1 by t.ile llS<~ (Ie t\\"ll (j()()-\'nlt
motors ill s(~lics ,1!l(1 as :-t [e,,': ~~10tOJ":i WOL1;ld (ErecLly ror lhi'"
v()i!'a~c lIarl hC(,11 pru<lul'8l1 \·:il:, 110 p:l1':'icu::,:' di:lielllLy, llle
obv ious procedure was to CC),', ( ; nlie the .L:('OiU· (.ric prn g-rcss!ol1
emu cOllnect .1200-vu]t lllotors ;md i-":'-'lIeratl.lrS 'it ~(~l'ics so as
to 0 IH:r;Lle :1t 2..WO volts,

l~rom :1 ieehnic:ll standp(J:';.:, there \Va;.; :lj'j::lr(:11L:y no par­
ticubr di\licultv in cloini-": t.his, :ind am: lille ill~l:IIlt:d Oil ~his

bnsis klS had a rem:1rkahly s'.lc':cssftll record. From a .\!;cncral
sta.cld])oint, howcver. \Vl1iic i;i", results h:).\'(: 1,·..·(,11 \\:'l'k0111C ~I;;

a contribution to the dcvclop'~:(:lt of the art, :-;'xitn1Jlc a.ppl.:ea­
ti071S ~or this p:lrtinlbl' voii'i1:~'" ;:1'c ap[Jan::n1.L· :")l1~":Wb:lt Jack­
Ing. r·"or troP:,'v lY;t1d~ of ~~·C~ .~:~ .. : ·.1'·~·(':--u·.:~.\;· :'. cl:-tss. it hu.s
the inherent ~·iisa.dvanta.i':c or requiring ap;:-:,;,:.,t,\;S which <.!'~_

p2.rts too widely from the e,,;~\ing standmds '.'.it'll whicil 1.:1'.e



RENSHA W: D·C, RAILWA YS IOIG] RE.'.'.::/!.! W: n-(:. R.,IJi.!!-".1 rS

'.~. .'.

.. ':. ',:-

"

"

Oll\'rat.ing forces have become familiar, :1:-: we!i as of not lel1clil1g

its,,::: to i:ll.<'n·h:]!!f..:c;,hie opl'l"atioll ovcr G()()-\,o1i: lines, For

11('a\"\' Lra;'( ion, on th' other han(!. this VO]t:Lg;e is much too

I(l\\' to soln~ tllC prohlem in ;l S1.Irr(';"!·ltiy comprehensive ,yay

lo ,'lltr;lc[: 1IH' i Il\'csl111cn t of c;lJlit,ai in ('lectri [i cation, Even

:moo volts, \'.-hi1c o\'ereomin~ the latll'!" l1is:\(lv;\n{:lge l.o some

ext'ent, docs not do so eomplctel:-.', 1t is regrcl.t.:tble also that

boll; ~-10() nne! :mO(l volts have been employed an,l that in C;vTy­

illl: tll~ (11(' :I!lll';lrcl !lr()!~I"('ss in c1-e, V(JH:I,!~('S, 1,-)OO-volt :Lpparatlls

II'as nol. us,,\! at once [or eouplil1~ in sl'l'ics, for can'~'ing on tilc'

geometric progrcssion, without the inter:m~di:1te 2400-volt stcp.

Ul:rrMAT!': LnlITS OF D-C" VOl_TAGE

':'he general Emits upun which standard practise in ;lny

industry onlin.:trily settles nre usually fixed by bro:1.d cconomic

consider;,tions r::ttber than by pl1y~ical E~~l~~'~' tions, It i.s en­

tirely possible for instance to opemtc trains at maximum speeds

or 90 miles pcr hour or morc, yet the maximum 01'(';:1:1ri1y at­

tai:lCd is from GO to SO miles per hour. Pl::.-::cn.l\y spea.king,

also, interurban cars can be run at speeds simiiar to these, yet

the general averag-e on snch roads is from ;,0 to GO miles per

hoar. Tl:t'~,.~ \":t\ucs 11:1.\'e been e<::blislwrl hv ~ri!i;l\;tl increases

from tOWl'!' ones tll1lil \vithmlt any conscious elT()rt, st::tndanl­

iz;!tion has l.Jeen automatically secured,

[n the volt.lli!:eS which l11Qy he c1l1ploy<;;L! wilh tll\: u-c, r~til­

woy SYSI.(,1~1, thCl'C is some tenc1cney toward til:S same procedure.

If no cHurls \-\'erc made to the conv':l1:Y, it is not improbabic

tint starLing from the volta,ge (If :~OO(), which we have torh)' on

th~ Chicago, ~'lilwaukec &. St. P:ml, we \\·otdd next hear of the

employment of :3GOO volts, then possibly ,.12(") \'olts and so

011 up in corresponding steps. Sooner or jater, however, a

pain~. \yottld be rcached where, by ('ommon cons<::-;~, thesc in­

erca~es \\,oulrll'to)l, just as this has happencd in the matter of

speed,
YVhile in (t way, such a proccdure would be the conservative

ar.d natural way for progress to come about in the use of higher

d-c, voltages, its disadvantag('~ are too obvious to require

mention, The apparei~tly more r~die"j plan of trying to select

in ?.dv<'..nee the vel ~::,!:.~c at which such increases \\'ould naturally

stop and of going at once to ~i,if voltage ',','q,,'d hence seem to

be the nV)1'{' l"at50nal and rea.lly the marc ~'l.'~1servative as f?.I

as the gep-eral good of the indtu;try is conc<"Tncd, It has been

\Vi~il Lh~<:: iel(':I. ir. I'~:'I\' 1!t;11. ,. ',' ·,,'rort~: !.ClI,':I.n; ~ h' liSf.' f>f dinTt

current ;11 ,-,:lIH) vlIlls ::I'L' i ";'1." pu! :",'ti!. \\'il.lt J>1':!c:til:;t1

:lp,par".ttls rot" ll1i~; \·I)IL:I:.:l· ':'.' ·:':,1>k. tlil' P;'II~i·.I·;m·. oJ cli~;(rih­

Ull11~ ~Inrl ,olke!ill~~ I.\ll' 11('('("":',':'\' jlm\Tr [f'!, :i),' !;:r~'l'sl luco­

motives likl.'\~' [.0 1,(" 1"l'qllil'I"j Gill Iw rC:lcli"· ~:-lh·\,;i Sf) -;';Lt

nlthOtlg-h furlhl'l' inl'l'l';l~'l':: lI:i ..ht Ill' 1)(ls~:i1>k', : Ih'\' sh(luld bl~

entin'h- l;]111\'l'i'~;!;"r\·. .

(il'F.[<o\TT(>~ (>F :10::/.\·,\[:1' :':I)I·II'.'.;:::\T

Tilt" ),:l'lll'r:t1 ('()IISI.J't1l'::"ll .,1' till' ;->(I()()-\'q;!. L'X!H'!'ill1el1l:t1

e~ltlip;ncnl. Oil LtlC (Jr:tss Lake i:r:~ of the :\I!('!~i.,:::,! l"nitl'll Tme­

tlOa Co. and the result" of its "r"t fe,\, mont1:< ojleraLion hay\:

been so widcl~· covel-cd by the technic-a! pn~~;:; that it j,; Itll­

n('ccss~ry t? .r~fer hu,tb':' ".;rJ t1~(":Tl except to sa:.' ,hat the Crtllip­

mcnt IS still 111 operatiou on 1;':e same s'o.1ecL·ss[ul basis. :Lad

th.~t :tt the tin,e this is \Hitt(';,. it has run " li~:.lc ()\"~'1" :lD,OOO

rmlCs. Dt~;'ing the live mont:l~ f~··:)Jll ()eloi)cr : st. La :\l:trt'!l 1st,

the C:1.r avera~ed .j2!l:) miles ;;(,' month on ;: .-tj;ed::1c which

<tHaws only 1,) miics per hom ~: ~!c1 its reclJr<1 ':,o"tld have hecl1

c:'en :;:realcr than this h;l(1 it n(),~ t,cen for l111l'lc:r'.';.IS lnc('hani(':tl

dlfficultics \vith th? trucks, ",h.·ds, l)T·akc :ig-gi!!g, stm'c. pilots

anti other .ll1C(;hanlcat p;lrts ot : he ClI' 1'''1' w:,;('11 t I)L' equip­

il:VI~t was ]t) :10 lI'a~' I'('spons:',:,-. Dl:,.i!;;: th' fOll,. !1;O!1!hs

(JI Nov·ember, Deeembe,., Jant;;;'·:: and Fei)rllil!"" 1I'::;e;I, Oil <1('­

~:()lInt of wcathe,. ('ondiLio!ls, :1rl' (:rdin:l:':iy l'()l1~;,:cr('d :hc I\"()r~(

tn the year, the car ran 2:3 ..:320 n:il\'s or an avel:!~'(' or ,)8:)(j Jler

111011 til,

During this perioll thc car ''iH'raLl'd through s~':,rt' SIlO\\',

sled and rain storms and 1'01' a ~.h)/t j)Cl'iod C\:l'!! 1':\11 wit.h L\I'\)

or the COn1ll1Htntor ,OYer,:: missil~g. these h;l\'!;'.!; IK'C1l lost on

the ,'oad, The motors and COJ;:;rol ;\,ere purpos(';,' allow<.'d to

go with a 111illimUl,ll of cleanill::' :. "d other carl'. :1~1;1 \"i1:'j'lllS re­

porls sent in by the men ~n ch;::·::·,., !'der to the ;'!\'''\'IIt'\' or wired

w;~<;h, dirt amI other obnoxious salJsl.nl1(,(:s in :,,1 Ie' motor..; allJ

s\\'ltch groups, although no chn~[,~:e was e;:uscrl :)V them,

A half-dozen or so fai:tcc'cs n;'.ve occurred d.t.:r:;g the winter

but these h<!.vc hcen mo<> ~n the nat,,::e of brd:;:·.:: :r,0tor leads

or similar tro',h:es which ~~n'ed n'c'"e:\' "0 1'e'''l t"f' ""~c'-;co1-"'I;t,,
• • - - _ v 'oJ,' f.l.; ". U l,;.t. ...... l"..._ 4 ... '"

of the, use of such a vc~tage u~~c1sr the gener~~! [(:"1,;h co:'!ditio!1~<;

to WhICh car eq L:.ipille)~ts are St1 :-,.;ec·cco:} ;"2.the!" t1n:1 to indicate

any inherent wecckness, Thes!5 trouolcs ~.. l'(j"·,d that this

equipment could o.s easily witb~"nd such or~b:::ry mishaps
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as any c.Cjt1ipmcn~. fa;' GOO volts,' Only two of thc failures ,yere
in an~' Wily d\\c to the ttSC of :iOOO volt!; :ll1d ,11(:<;t: consisted of
grcUlH 1:-; on the gri(l resist-a nec which took phlCC thwugh the
water-soaked. flame-proof eovcri"g on certain of the ler~(~s ;,,'here
tlk c"bks 11[\<1 not been proped~' insitlatcd and sl1pDorted,
SUC1l ~,f'j:lbles can be easily guarded against on new equipmcnts,

'While as yct oJlly the one cquir'mcnt T\C.'W in cxperimental
operation has bccn huilt, various c~·~signs 0'£ other sizes have
Ix;en consitiered :.L11cl with the spct'ia1 doublc-mmatnre type of
motu; and d011;.'~!~-.ia\1" typc of s\\"itdl \\"h~('h have made tbis
equipment jJos~<:;c, unusual flexibility in meeting a wide range
o( cOIHliLipfls call :l.pparl'ntly be ol.'taillC{:l;

h, ;)lo~t pC thc (;o!1si(lcralions o[ the usc o[ d-e. volt:tge~ of
2·100 ;llld :~n()O, (.hl'n~ has ;Ll\\,;l~'s 1>(.'L'1l a ecrt:lln :ninimuJU ,,:i;t,e
or ·ll1ol".pr \I'hic-h "(ltd,] hi: economic-ally protl\1ced ;Lnd Lhis ,:i:t-t,

1:;LS lJ\..'\'!i \lllllt-sir;lhh' laq.::\' for nT! ;:in ('\;I~S\'~ of" ~(Jl'\·i('\', \ViLli
the SJlITi:t\ dU\I I.k-:I rlll<l Lu rc Ly pt' or mo[.o;' f'll' ;i()()(l. \'OIL tX[lU jJ­

J1lCllb, ill)\\,\'\'\'r, llll' t'xpL'ri11lcllt.:tI CqUiplll\'llt. alr\':ldy in \I~e.

is abuut :Is slI;alJ :IS \rould ordinar:ly be rt:l111ird, alL1lUl!gh e\TIl

Lhis is apparcllLly noL tlit: 11:ia:mulH iilllilo On tht; uLlter hand,
the (lesj~n set:11lS ~qua\iy adaptable to larj.(e si'l.cs,

CO~CLL'SIO!'

Broadly vicwing the high-voltage d-c. pmctisc which we
tinti today, and. its significance Lo thc industry, thcre are [our
ideas which appeal particubrly to me. The pernicious flcxi­
I.>ility o[ the 12()U- and l:jOO-volt systcms anti L" innumeral.>le
;~itcl'n<'l.ti\'es \\'hich they pr(:~cnt for :tpplici.ti'ln to any dellnite
C~ise. in interurQan work, scem to ~i.,.c timely \\':lrning of the
gre:tL cJesira ility of early stan<l;tni.i'l.ation in the nHl.tt.er of higher
d.-c .. volt:tges, Thc eomp:lrath'c ease with which app:.tratus
for thcse vol L,lges has l.>et:l1 L1evt::'_,:.>ctl gi;':cs a mC)~L t:l1t;ouragin~

. iceli!1g [or fnrthcr t1cvdopment <lIang the samt: lines,. The
pussibilities which a d-c, sy:-:Lclll at :>000 volts would oll",'z \Vcrt:
thc apparatus commercially :l.vailablc make this' voltage seem
a logical one amI the results obtaincd with the experimental
equipmt:::t now in opcmtion give grc:lt h0PC that this volt;-.ge
may some d~y be established commerciaiiy as a !itanc1ard of

. high-voltage a-c, rn.ilway practise,

DI5CL'SS!O:,\ ox "}Ir0J1'."F.,; :.\(:10: D-C, :.~.\;r.\\',\~' PI:ACTl:>c
(Rg:--iSH/\\V), NEW yr",;: ...\PI~l1. J.I. l~Jlli

Frank J, Spragt:e:< \"1.1". :'~\'Il~hal\' st:ltl':: Li,;tt tl'n ye;lr!; ag-o
the i(l.';~ of :1.pilroxil.11,d.('ly ,',~'l volts ':~: ~ i:,: l1l:1xil1lun: P('tCIl­
ti;li to he hopcd for ill ,J··c: r:,.;j-.",;tV (lpt'r:l:i'.'JI W;l~ [i:'III]\, t'S­

tabiishcc.l. T C::IJ\ chi;" ::. '...;ome' entfill('('b :\1. ka,c:t wcr~ nut
dcl:l<kd wilh !.hi:. ::":~' ;("";0,:. ..

In the ('arly <.l.~'..Y': e,r :':iLi~''''l1ary 111(11.:0;' (:L '.'eloi'Jl1Cl;(: I harl
btllit SOtilC- s11ccial 1ll:I.lJl.\lW'; :,'~ oiH.:r:~!.l: 1l<":";1:l.!IV a:: 1':'01:1 r,(ll)
to (jOO vollS IJllt \\'hidl ill! :i l : cxi:~''':~''iL'~ r.l' "','::\'icc ~;:Iri i)(;(;11

boosted to :tbOllt 1000 volk,: :ll1d C)~! lile ;;·llil :";l"l'c l kQllch of
the ?\hnh::ttt:tn Elcv;.~~cd iJi' tIle htL't' Iw

'
;' 1,1" l~~(j,·· ;lCi'C it

nUll:ber of the prim:;.,,\, f(,:I~\:,'I~S of til ..: n!V !'."':"I"'. ('iccl.rir: j":Li"t,,·:t\·
were tried olit, T operated ,,~ (\10 voli.~ fro,li ,: !.lllrd raiL -

\VJwn, ~ ve:tr bl:('r. I Looi.. !. 11\: cotl[.r;,<:\; f'.'1" '.!:c ili,,:tlT:' tl"()lk"
roads nl: Hi;+n:nnd :111(1 Si:: .I":;\'pJI, r :tll"pl,',: :: :;';'!lc.:\\-:,:t! 10\\"::'
jlokntial. ,lriO to son volls. '.; :,:,,11 Ilrt':';~;ilr:' :111.1 ::\-:klll ·,\"l';"C·.

~10\\·e,,(.·r. ~'\'l'il Lhl'n r('~::tl'(k'i :1:: (':-::l",'lllt' ':'·Iils ~:.i:li:-(1:lr<1 \\';l~

)~r:l<1l1:t\l.\' r;li~;(:::. ;lIl\\C\Tr, :" ,11)(lut fiOO \'(':1.". :Iild 1"\'m;'I:wrl
Lhc:'c for Ilr:td.il·:t!!y 1:\\"('11\'\; \"('::r~.

ill 1"c!>rU<I:'''·. , ..;: ;!, :ll i;J'~' .I':I:l~:I~ Ci: ..· j·:;,·\'iri .. 1.:;..'1:; ('Clil.

V('il Lion I s~ :Ll~c1, JS foi lOW:': .

"l\s l'c.garJs 1..1 Ie..: putcnt:1:d. ('~:i..~. t;lin~:~ l)('i~lg :-:;t1ist";\t,':tli','" \\";!;!L\'\.:f'~·

l)1"l'SSurc is flCI11all'.1t..'d ill thv :!~: ";·,:...;~S or (~('Ot~O;lIil'::i ;~::d l'f~-('('ti\T Sef\·jec

will l)(.~ \lsed: and J1ll'ans wii: bl' :'.I~~ll(1. l·on~isLill}..: !·~:.in~y in t:are flf CUJI­

stn\(:t~oll. w:lid: ',':~ll rnake it.~ \1:-:',' :"':" thl: pHrpo,,'.:. :,'H1 :1::- lnt<·,~dl~(:. :';3fc

iU'ill pru;H'I'. \Ve ha\'c itl tl~('~:(' l:);!; ,('rs t(- fa ....e tl:I' "':"~H! qtJl·~t!{)I'~:l~ we

]l:·,n' ill tilt: ;ll:l.Ltc:r or st\':l111 pre.:, '.;':'<; or of raih\'ay ':: .....,\. To a\T(}I1I"~;si'

the larger l::l;::tlll't';'~n~ feats nl'('~':-'~';l ry t.v 11H.\l.'t 'the '.:l·111.lIH!s of lTOfj'lIl1V

antI ~()nlna:J't'l' we '~'iil he J.!()Vl'j·:~(·d Jnorc by t.hl' i';'~il:r in Ollj' pO";CT t;J
f 1I UY S\l hurd i Il\'.l Ll' :t goo(1 ~l'~'\' \tJ~: ". :-'u r \vi!l t It:l;~ i) Y fll' :' !'l'ars PI' it", \-.:!.~:! ri ('~

",hpi, nllo\\·c.'d to 1Jl;l'OI~IC a Ina~t. 1'."

In my ill:tu~tlral at1t.lrt's~ a:: j'rVSi{!t:llL of [I",: il\slilllLc :It tile
Chi<:a~o iVleding-, Jtltle .l~, IS!):2, J !)oinLel1 (l1:L that wc wcre
at thaL Lime,if "!;:~l~ 11-c.11H1(l'r-:,pr(tt'Lic,:tl1y lil:<·\'d to;1 dirrcr,':h'('
of potcntirl! of [rr'::1 1000 to ;~UO volts, ant: ~:wt t.o 1-:0 ,,!Jon:
thaL limit it\\"ould p:'ol,:d.>]y 1,\· ;ll't'CSs~Lry Lo p:I' Illot.urs:n ~t'ri('s

~s I h:td ~rn11(~ti\l1c !>l'f.o:'{.~ V:)jlosec1 for lon;~ distallce I'O',\','r
t.r:l.ll~m i;;~;(l:l.

In :vlarch of l~l(H, in ;11: :::,tic!l- iii thc. /':.:('((1';:( Worf.(£ (iI!.I!

Eng'inccr, T s:li<1:
"\Yhilc r.1-C'. tnotnn; !"l1:ty alw:ty:'; ;!.' !;nnH.'\\'i\;'_~ ;It;~ tii~ath·:tl1l~;g:c :n the

tll:lttcr of indi\';'-:'t~l potC'nt.ini, \':'~< -, ~!~l.'n· i:,:!, :ll\li-~';;·__\· of nlf.,~();·~. ;v: in
~!lc l:t,·,~,~ !oC01:l.uLi\"L'. it i:-; (juitc :'·:,-;:ib1<: on It c..~-\.'..~~:':'.(;i~l to \~"'or;.;: l~P '..0

1700 U;', VC:l 2000 yolts on a sin;;i· t,'cllky li:1c, ':n:!i"':c!oing:l "\:lX~I~~:;": ',0.:

inn·~ulnr ll~t:r)n ,:1:(> !~C:"::!lE!...:\·;:· .. :, .:' ~:".~!l:~ijUio j:.':' , vulL:, ()l~i:l<Evi:i~I:;':

n10tors; an(l ;f a ti~r';."(~,,,\\·i:·(' ~y~·:..·.:".. . ~ it is <';-;:"".' :·o!'~~~):l..' ~;o :;,:~k~

usc 'Jf a nH~~-:\n~u:>' : i,.:iry !,oLl'n~i~d {Jf nC;l<~' ;HlOO \···.:~~i.·:



D·C. RATLWA YS IApril 11 1910J DJSCUSSlO.\' ,'! T NEW YO!,'.';'

.... .'

.'

:J

()Il I Ill' illlr"dtll"l.i"tl of I Ill' itlll'rjlo\c ill s{:>(ion:tn' tllOl.or ('("\:)­
sf rtll'l ilJll. I rl'("()!~:riz..c1 1.11(' :ll'ndiL, or f.his (·ol1sl.nr;·l.iotl rill' r;lil·
II';:~' lll\l((>rs :L1111 :,(~':oc:lt.ccl its adoption, po:ntillg: 011t. ibn\. it.
\\'o:t!Ct 1l1;d,l~ !>os-:ihlc illl i;~m~<:t1i:tt(' i,wl'l':lse ill poLt'Il!:i;1.1 for
direl'L-curn'llt !';rikay \l'ork :"rom :I200 to 2·:100 volts. without
qucstion.

[n 1!)!lli I mgl,tl upon the c.l~~incersof the Washington, Balti­
llHJre :!l1d l\!lIl<1I'(llis line the :l'.i~);~'JlOll '.J ,200-volt doc. OpCl'·
:1l.10!1, :\\1(1 iii t.lle iail of the iiamc \· .... ;1.T, I recommended to the
("()Il~;i:lI.inl.~ l'nrilll'!'i' "r 11',' C('!~l:r:l.l' C"lifornia Tractic)11 C0lllll"llY
till; Wie uf a l£()()--..·\.,:~ ,;-:;, ~ilir<l rail. j\-ly reconmlC1Hl;;;.io;1
was adopted awl the instaihtion, the 6rst of the kind, went
"head on tl1is basis.

i\ r:lf)l1th bter I discllsscd c;uit.e fl11iy the details of the 1200­
volt oper~1"ion with the consulting e;11.:lnecr of tile Southe~n

Pacific R~il\\':ty. Company, and recommendec1 this potential for
the Oakbnd st:bl!rb~1.E lines of the Southern Pacific svstCT":'l.

Inn disCLlssio!1 bdorc thc Americal: Insh';,,'~;c of ·Civil Enhri­
neers in 1'\OY" 1!J()() , I e~I.'!led ;;) ttcn tion Lu th~ :;lc:t" t-I,:tt, comparing
the condition of the art then and :::t eo\~p!l' vi' \,ears ('('slicr. three
important and radical developments ~1;;c1 'c[~kcn ~)lacc in d-c.
motor construction, t.he first of \\·1:.'.c:11 was the l,SC of the com­
mutating poles, whdl, with ac1ditio:':\! beilities il, control, made
perfectly possible the construction o£ d-c. motors at from 1200 to
IGOO volts, with the further possibility of operating two in scries
at double pO~l.:lJtial. .

Tl:e remarkable departme in tbe construction of the Ncw
York Cer'.t:·;1.1 gearless loeomot,ivcs, in which the hitherto i:;.
yariablc practise of maint:tiniag' the fixity of relation bctween
the :-t:'.matnl'C and thc field magnet has been ~Llanc1one<l. "a\,e111e
()('(':1.s;on to poinl. out th:l~' t 11is 111:1<:11inc was ~1 na(:ural {200-volt
mnehiJll~ wiL lOut e01111l11lb.ting poles .

rn I nOti, after ;1 personal inspection or Lhe S:tcr:tmcnto Di­
\'isioll of LlJc .Southern Pacilic K:lilro[lcl. ( recommended an dcC'­
Ll'ic:d cqaipmcnt operated with an initial ro(:(····: ::11 qf ]!jO[) volts
a,t 5!:~ substation, third-rai~ junction, and dcseri.bed the pos­
Slbll",tlCS of deetneal hralnng, both direct :mel rcgenert,tive,
thr(Hll~h ~.hc use I)f ~!l(kpelH\cntly excitcd fidds as now used
(JI1 till.) Chicaro, ]\,iill\':l:lkcc and SL. Pn:l1l'ql:ipmcnL

111 my ('ady cxpcrim'~:Jltson th ... .1vhnkttl:ll1 Flev;l\".('(1 i.ll I~S(j,

1 1IS,:<1, for tile field as vv('J! as a r1ll:1.t. 11 n: , rlll'nstatic contiOJ [or
speetl variations. I <.icseribed a pl:m of rcgenC.'r:ltivc <l.S well :lS

direct electrical bmk;ng before L~lC Boston Soc-iet.v of Arts in
1883. J

In the London Times and Engineering Supplement of A["lril
10th, 1907, :\lr. H. :.\'1. HC:O:lrt made a. cu.riollsl)' exact proph\O'c)',
as follows:

"J,ly' ':..~,::~~r);: is .that wit-hin ten yt:2.:·S, cont.ir:uous-currcnt systern$ as
appl~'?d ~o :~lIway ciec~r:f,cation 1;1;:11 emp!'~: ";"'-: :)ressure more of the
nature (>f :WOO or 3000 ....olts, and the!'c systems ,·.-iii, in all probability.
h;>.ve come into extended usc."

This is tlte \'(':11' 101(1. ,'." :lr;\C·t.i(';dl,\· t.\I'I·,~1 " )'(':Ir,; Uk :>,,1<.:11­
tial for <I-c, r;\ih':·:I.V'; n:;I1:':"',' ':!W!J:lll):('c! ;;! (:~)() \";!';, 111 t""
y<':'lI':;. it I!;,s ,ill'l1l'~d t,ll :i{l{j'; .. ·l;l.~, oil tl!\' (':\j·.·ago, :\lil\'.";l\li'el'
"nJ St. ]In';> :~':i!W:1Y, "'ll' p!. :'Il' t\'l,i(';:~!': ,·,~:'~;t c1illiculL :'11(1
l:.lIlbracing i:' lts ·1:i7 mill'; 1'\ kit.: liltm; 1"~I;L;' 1l1ik:il~:e Uli;" ;dJ
the trunk 1ll1e elel'! riii":d i',I:I: l:1 lile \\,ol·l(!. TI\l' ll.(J()(J-nJlt
l.'>·eyek Sy:~ll'1l1 i:: ;1":l,vxi~;I,,::t, in (,hi~ t"'~:~ll,n', ;uHl not a
nl'\\' single-p'I;':'" ":li!l\;I)' l~l',("r i" :'o',V in:'(.:I1~::d IH.';··: exccot UI1

the few sY~;(./.Il\:; 1'I:11l;,ill.i ':~'. '
\ ..... ," . T". ••

;y!lllam .J. JY\VJ~;, Jr,: : ,10 110t ~hillk t ~.,: ~';1l:<~'.'1'I\ (':Il'ific
ckl'l.rj{il';tLi,," I'rc;;ellJ.,; :tll\' :,,' " J!r"I>klll:; at ;,1:' The disellssill1l
to-mg-ht ::;eelllS to be aJOI'g Ik! lillcs of incre;I:--l's in w..lt:-tge far
bCY~lI1d tho~e t1,~c'l on the ~;'l1lthcru P;l~'<':' The ~t>uthcrn

Pae:fie c1cdrific:l;;ion !1aS b"()~':l in OPl'~':ltioil :,i)out. SC',",'II years,
and the success or the li1stalJ:~' I,)n 110"-; Leen Vl';''''' marked.

As reg:::trds the tendency t,) higher vo!l:a1'(l';;, it would appear
that thc propcr voltage to h: chosen for a g:\'ell inst:111,~tion

\~o\lld .depcnd lIpon the 111;,:,;1'.;; ;,1 t()n;~:tgc :"') 1)L~ It;Lttk(l :In';
llmltatlOns as to spced" Till.: !.Ol'!l:l),~e c;;.p:le!(. '" el( ;, :':\'SLl'l11 is
(lcpcJ~dent, \\'c may S[l.y, up"''''. tl:e amr,bcr 0:' -tl"'.o;.l,S tktt arc
in service. Inn. si.ng:ie-trad: ,.~·:~11, if JIC:l\"Y tc"Ul,q,;C;: an~ to be
handled, it \yill be ncccSS,try I.', 'dopt 1;~.(11C;: ''-'JI ~agC's than ·....odd
be nccessary fe:' :l. rOi1.d havi:l;~ sufficient tr:tiii ...: to reoulre two
or three or possibly four tr;l'~:'s. In the c,,!-oc of:t ::'.\,,'-lr'l.ck
road, :::t11 t;,e tracks being in~nil!tip[e, t.he <koll in volt.a"e in the
track is gr~'::·.~.: re<l.l;ced, and 'xc :tlso ubL!in' ~he al:"':~~ltag{' of.
the copper t,u::~:\" \\'lH' 01' thinl r:1i! [or :Iii In:II' ~,j':!cks ill 111\lltijJlc
so that eveil w:;\.'!: hcomoti "I:S uf n~rv 1ar~:: :.H)\\'t'rs arll ti~ed'
s"-y :3U()() or ·:WOO ho:'~(' pmvl'r it will 11c f');'I,,1 in so f~r as til~
distribution :,ystem is conc'.'i.:c<1, that Q l"(lt1c:',lte voltage
J.l0s~~bly 1~1)0. or LiOO, \\'ouic! ,':'C)\'C as crTl'ch", ill h:lIH11ing- (.llt~
Lr,df;c as \'.,ot:ld ;3UOO volt~, u:· :"ore, ii, t.lle c::,.;,: l!r :t siil:.:ll~-'Lrack

(JI' i.iu\\ble-tmck road.
~n a l'Ctl~Cl~ll 1Il1illbcr of lr;:t'ks, some eCCJ1,1l:11y is gail1l:<1 ill

gOlllg to lug-her voltages" h:: lhe eX~ld :111<1 most lh:siral'le
V(litage wouid depend not nil!)' Q;: the ;;a\'i:l;'~ ,:~ I he :uHo\lI1t'of
copper, but also (Ill the 10:1.<1 'rancor on t;he ~~I><:l tin:ls iU1l1 the
co~t and number of JO~'OlliOti',TS reqllin"': til ;';Ii\t!k Lilt' tr;:!';;c,

J~1 a ,sl\lg!e-t!'ack irewln rn::':. it will ill' f<.l:~;l1l L1~;tt lIPOll till:
~)aSI~ 01 the Wt:lgllt uf tr,ups 1\(\.'.' i~l USl', vcry ::~; It: i:ll)1/'(lVr::l\Cllt
111 lo:t;} factor IS ':l:curcu if tIt" s~d)st;ttions :W,: :,hcC<111l():'l~ Lilall
thirL;.' ur Lhirty-.1ivl:.ll1iles :lp:I,",. \ViLh this Si!:tt·illg, tile co!'pl'r
rcq ,~lrcd for deln;erl!1.~ :~OO() (l;' 'toOO horse P()\·,.,.T to <t train is
l:ot at a.11 cxces,;ive at 3000 V~l:." ;lllU is 1ixl'(1 ::.l:nust as mtl~h oy
me~l12.l1leal reasons and Ctrrl'"~::v carrying c:..!]X~clty [IS 10v t!:e
deslre to seGlre a low drop in ·.. ·.11t:tge. .

Subst:~~ir:n capacity 2.1so ns ~.' r.!\'ing to !~'.,' whoLe system is
not m:lt':';'i~~l}' rcduceci, for ,;'''' ;""':1';00 ~r.:'~ ::!() s\'t'(~rc~ou~
eonvc,ters aild motol" .l:cnc;::· '.)1' ~ets are us:~a!ly designed to
stand. three 1~::iY\CS l:orr.-:a[ jo~d ,"11' ~ "hort ti·· .. :md so' 1011).; as
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at least 3:~ per cent load-factor is secured there will h~ no saYing·
in the tot::tl amotlnt of substation apparatl1s.

The whole nroblem, therefore, ~Lppears to be mtrrowcd down
to thc cuestion as to "'.;he number of lnc('n:otives rcquired on a
g-ivcn d{v~<oll [lnd their cost.. As a gcncnt; rule. the cost of the
i"ocomot.ives rcquircd for h[lndling the tr::tnic of a single-track
road ",ill "~1\()...mt to about one-thi:-.:·; of the total cost of the
elcdJ"i(icr~bJll. [f. therefore, there is a material increase in the
cost of a 5000-volt locomotive as compared with one for 3000
volts, this incrc:lse in cost may provc the c1.d(~rminillghctor.
Jn the case of the ]\,1ilwal1kee electrification, forty-two loco­
mOLives \'.'\.'IT required, and ,tn increase in their cost or fiftccn
pcr ccnt, due Lo an in.crcetse in ,:oILage, 1V0uld CXC~(;<1 t11(; total
cost of feeder copper for the entlre sysl.cn: as rcql1lrcd for 3000
\'u!ts, In the casc o( a dOllh1c-track road in \V.i~ich the iOl:01ll0Livcs
\';ould bc gn:atlv increascd in \Hllnbcr, tillS l1iJIen:.'llec wcnld l)'~ ~ [.ill
more ma~ked, ~~nd would pO;-:'. :'.,' )i'~J.ilaLions o[ vultag:c pos-;ib!y
not l'XCTCclill~ :\()OU "olts :IS ::;.: .~ ·I!):. til !\los!: or LhT,.; Ilea\');
rn':1'!:L (,r:!I'lil: 1I{11\' ohL:lilli:IJ: nll Lrtlllk li11C railro:lds. .

V;:~l~~':~l B. Pottcr: II. i~; :\ l)k:1SlIl'(~ 1.0 l·I1(I(\l's\.' l1~ll('h "I' \I'll:!!,
i'vIr. j~ .. -:;tW 1':I!; ~::Ii<i :!1; [0 1,IIl' ('x('I"!"lIL fl'allll'l'S llr 11i;.:I1-vojl.;tgc
II i reel. \'\, ITl'Il L. W(.' :Irl~, h'I\T' '. '. ,': II :1'.'1' 1110re ("()l1l'l'1'11l~( 1wi I h llll'
futul'c Ll1al1 with the pas(, alld ! Ulillk thaI: 1".111' le·xl. nl" Llw ul1..i­
\\laLe i-; Yl'!'\' well ('overed ill his s~alCll1('n(. that: "The v.enl'ra]
lil\lit.~ U;fOll' wl!ich sLanehnl ~Jractise ;n any in<1ustry ordinarily
sctUcs :1:"(;: uSl.lalh· fixed LJI' :.;·oarl economic consic··.:·::ciolls rather
than hI; 1)!lysicai li;1~iLatioJls." Pc mcntions as J.1l illustrat;on,
thaL whiic it is possi;Jle to ojJei':l.tc' "raii',!'; :l.t higher sjJceds Ulan
tl}(~ USl.1:l.1 pr:l.etisc. i:. has not heen.found economically advisahle
to do S0, I bc1.iey·c :'he question of higher d-c. volto.ges \I'll!

i~~ subjcc~ La ~: . .: results of (·~x,~cr1cnce. r,rld whcther the limi\.
will be :;000 or ;;OUO voHs, or some ()~her volLage, will ultima.le-
ly be (ie:..ermincci hy "))r(),:d economic (;un;:ic1cr0-tions." .

In an\' railwav dCc:tr:l1l;;1~ion thcre are cerLmn features \\'h1Ch
mav he' eUl1sid('~('d scp:lr::Le1y as lHl1"Ls of the general schemc.
Uncler c1-e. o[Jl~ration the iniLiaj co:::t, m:ll.l.tlcnar:c,c <lncl c.leIJrc­
ciilLion of S0111C of these fea.turcs arc bu~ llttle aftccted by Lhe
ullc't"al;ng voJlagc, whi;c: other feaLlllTS arc ~u l1il:~:clly ~lIecLc.:cJ

as La be a rleLer:"illii1t~ inf:Lcnce in the selecLlOll ol V(:'~:.:.gc 1110sL
fa "orable Lo economic; ~'c:~uIL.s. TItc POIHT slaLioll, ili~lJ-Lcll­

sian transmission lines anel tracIe .boncli ng arc in t hc class of.
features ~fst mentioned, and to no eonsi.ck,·al)le eXicllt, the sub­
stations as well. Sub-station equipment of estabiishecl type
gcne:oa!1y increasc~ in cost pcr ~,ilowattc:tpacity with L!le inc,r~<l;se

in voltage for ..'::!i(~;-' it is c1eslgnen; al1d \vhl1e tl1c,oc WO:Ui ne
felver substat.::).-:; at higher \-ol!a~es, the amour:t ':;'.' : :':~'cl(lcc1

tl"::'.':"1c 1..!sua:~v becomes greater by rea"" ' .. :;f ~he 10;i),..'-·:- distance
!.J~~·.\·ecn su!)swtions, and therefore th('r~ is iittle ()i' no reduction
in -..;r! ~otal ccs~; of substation equi~lJ:'_\l~t.

The t .,vo fCD-Lures priaeipally afieetecl by the choice of voltage

are :;he sccor:r:bry di~;t1';i ~l ; ii'll copper. i 11(';tlCl~Il.l( (;ul1lacL: con­
ductor::; and Ll~e roJ1-ing, ~.:I,"!':l·:. 1\ C;lJ'(~f\l.i S~l1rly of the re;;pcctiU
U1ertts ;'( J I',' 1-; W:lS 1l1:U1c 1;1 ,'01111 ~(,WTI \\':'l:L.ilic.
. lucago, !'dilw:],Jlkcc:Jncl ';. ':wl ekcL~·ilJe~·I~;'.Il1. ·l'l1crc\1.ppea~c<1

to be hLLle c.1iffercn'·" III l', .nit.lal co~[, as;! ·":~l()te. U~'-' r('(h;c~:on
in copper at ,,1,·: 11;)..:hl;r .... i ;q.':C h.'ill;.:" c!f':'::-,'l 1;y incrca;:c t,1 cost
of tbc ;n'..'(ll)lllLi \'c~;. r!n '.: ,':: LJ:l':.i: pf :.JfHt:1 ....olts the rciati ve
v::tluc of I.!:i~ dii"!·lTcnl. fl.':'\: :"'(:.; ill ;'('~·;pce, '.;1 C;l('h oUll'r m::.y he
illu<;trai:ed lrY' Lhe fol1 t rlNill, lH':'C('~ll~:lrC'l';: \.!lc' high-tcnsi')l1 t~aj)s­

m;:~sioll li,':'.~'(:(Inlplet.e, ai" .;,: 10 per Cellt: i.:·aek hr;;'lcl;ng, '-1: per
eent' :;tt!J:.;\;:tl.lous C(lI~l\i~' ", <[hunt ]:-:; pl';' l'('ilt; the oYer]:cail
con~;;n:c;LioJl" f(·.'{'(lcr \.:O!l\:.; I'll!! lrol1cy CIl'i:II,kl\.', ;t!,UlIl. 28 Ft'1'
ecnt: a~,:1 the 1('!:OI1l0Ii'.,'.·.. il')(nll.·10 plT I:C' 't'o '!'11e :)()(lO-\,oIL
C011j)ef for feeders ~LJHi t)',)~:.)y Oldy ;wing ~·.I' ;r<.:;ing kss .t.it.:lll :20
ner cent, and the locomc);·: ':lIS :·)cing ai)Plll :!) pcr ('en l, ~. '.: 1;0t.

~"rl',risin'" I hat the re(lnc, > ! ;n conper a l: .;'.: .. .'J volts \':f'l:lc; lHl\'e
~ ~.. -' ~~.... " I ~ 1 •

heen ofTset bv greater Cl)~( <'i tnc 10('l'I11I)\ I':':.

C lU!'icierin'g- 'de reciation L1 I IP:lillJc:: "CC, it is hcLl.cr t h;ct
an- I;C 11·1\·~I.l-i'lt t~·"." if 11\1.' ';llo,lid I'l' ill (' \i'I'C'l' rat.heT (1t:111 i:1
rot'<l:ll()li\'c~; wTlil'l1 I'ccjlli·r,.. Ill:liiil','II:II1C·l.';t:I'; ·:jlkl'(·p. 'I'll l'l·(liHI··
111izc:;11 ('('I"lwr ;Illd 1':1.1' ;'ll ('till:' I rIIlI"IIIL f"r 11ln!'\' ~'~;I('I~:;I:"(,

IOl'llJlloLjl:l:S I·\'(·,uld Ilc :1 l :·i\.11S:ll".i,1I1 (111 'hI' 11"1'''1\:', ";Idl' 0: '11('

!>:dance :::!lecl.
.'vlr. Kl.:llSh:t\I··s t'lllllll1l'ill lI'iLIt rcsl'lT( I"~ ~·10() :1.11<1 :lOOO I"tJ\l.s

is 111 the 1l1C!ill well 1.'1].:(,;'1. :rile.' BULtS ...·I)<lconc1:t and ...!.)acilic
mighL well helve been 3000 l'O!tS. Oc(';::-:i(';:-: may. ~~.nsc, !'.''';l'\'(.'1',
\\"here ihe use or de\'clopc< :~i'par,~(.~!s .m;::,: l,t' u\lhz(;(l to .:\.:lv"I1'
Lage at ~l.me oLher.volta~l !.llan \.l~'~l 1m: .\1';,\<:11 It was. on~j~any
c1c:o:igned.-a e:lse 111 1>01;\\ IS an cIC(;Lr;!I(':l~lnn rl'cr-~·":·!.g- jClCO­

1I10,,1··,.:S witil i.,j,e s:tl11e IT:,Cl''c powcr a~ ~ii 'se:: u~ed on L:IC _\111­
' ....aukce, but aL aspced of l:2 i,")s:..cad of };) mil ','S n.n hOl1r . .ll WOll~
be lllHlceessarv eX1lcnsc '_'.' rcdcsi )'n Lhis cqui JJllt'!J.t (or lower
spee -5 \Y len the amc C'J~!. 'll1JCnt at ~ \°0 t."; will ~Tt\'C TIle

J:fl.CCl] dcsIred.. ., ..
"I.' 1t 1111 cqulrC111c:t:.s 01. rall",.'ay n~e;~or cleS1l-':1l ~ll~ILlpJC~

or 7::;0 \'oits sc(,~m (("0 he :!h·\1t. l.hc hjgher I:;':lclit'al lilml. Jm :\<.1­
vantageous winding. For :~:e spc:cc1s 1.\slla'!:: rCl{11irc<1 iL is abouL
;IS ca~v to wind· a motor f,,:' l:iOO as il ;" !"nr lOOO \,(llls, Lhl'l'C­

for l1111Jtip l,,:: of GOO or Ifit) '':'.lil.s as ,I Il1<lXi r !l:.::n nat ul':lily ra11 inLo
l;ne :J,~ (J:e prc:krl'l'(1 volVI.'~":: 10j' c1-e. 01W1·; •. ··11 .

}h. Renshaw iu ~c1\'oca~·::~!;5000 vol LS ];;:J:,~s Llns eOllll1lell.l ,­
""\Yith <lracL;Co.1.l apparatus :',,1.' this\'oltai~'~ ;t", ::i;ahlc, the prohlc111s
of distrlbu.ting and collect ;:lg the necessary ~)()\\'er .for the largest
loeomoti,'e lii(ch- to bc' r" .';red o::n be r,:;.;cJih· .' ::\'('11, so that
althotci-:h further' incrcase:' :... ~: "'.. be possible ~ ;1Cy s;:,:·';';\.' be elli;ire­
11' unn~ccssarv," There 1:'- 2, jJrescnt no jh..··:'-:sity for ;;000 \-ol~sto ~L:.cccs~fn1i\" h~,ndlc t!:': CFstl-ib"ttioll :.::r1 co1\'::.io11. of tlle
ner"<:sarv po":" ,,""r tl-c 1··,..·.",;· :N"omo'·.i\·~ -:.;<:e1v to be n'C'uil'cc1,
1":,-':.~·c~llcc, i~;~'(i;().. ,-;~. 1."';' : j1~: \Iil,.I·m~kc": ")('o~o "; :VcS a, 3000
volts is a complete succe,;~., dicre being :"'. ~:;gn Cli' arcing :tt ,.11:::
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cunLacL hcLwcen (!ll' pan laJ!;rapl I al1<l I.he Lrolle.l· wij"(~ ill cit.hcr
rn·i~ill 01" pa;';Sl'll.!.,:·(·1" Slw·,,:,.:c. /\JLJ~(l~Il;ll Ihe locolllolivcs arc
equipped wiLli LWCl pallL;~grajJhs, a sill~~k OIlC 'lnly is L1Sl~(l: ~ lit:
ClllTl'I1L [.:lk("111'1I th' :11\lUlllain grades 1,(·illg ~;O() :.01000 ;1;JlIl('n's,

aL J;; 11Ii1l'o: all llOur I)y a slll;';1c rrci;.:hl. 1"l'(11llo!.ivc, alld thc same
ctlr~'('ll\ :I[ ah('ul.:Wmil('Sallho\lril1l':lsselli~C'rS(.'rviC'(~. ThC'IlTO),­

lel:1 llr sllcce:'st"ull'UITC:lf. C(\l;u:ti()!1.is grr;\.l.er at I.ile .iligher spceds,
alld cxperilllCJ:::t1!y over 1500 amperes ]1ave iwci1 co]lC'ct.c(l at
o\"cr ()() miles a!l il')Ur \\,il': :t Sillglc pal1f.i\:~raph ::nll110 S1gil or
:Ln·illg. Thc s,:cecs, en Lhe Milwaukee is duc boLh Lo thc arrangc­
ment of the pantograph eo~:, '<o:rs and mcthod of ;~1.1pport1l1g
thc ('Oll1..:tC\: COI'I ~ .. c~(l1r. Each pantagraph 1S pro'vidcd with
t.wo c()llee(i,:;.~ pan::; ;ille(l on ill(' bearing snrfnce \V;~h CO!?i: et
sLri1):>, and the contact:. :" .'1'-~tlCtOt- is two 4/0 copper \Vl1'e5 WhiCh
are in co:,' ::c< with CQcll other in the same horizontal piQue,
The hanger~ :>upfJorting each of these cont~~ct COD(lllC~(),S fro111
t~c catenary arc alternated. so that. the h:mger of or..e cr::"'.dllctor
is mic1wav the soan of thc other. The object of t1:is arrange­
ment of l;allgc~'s'beir.g to minimize any i~lf1ex~bilir.y in .the sup­
porL or the cOl11Juctors. For thc succcs~CuI clJi1ce'.. ':':1 (;; curre:1t
WiUlOut arcing- it is abso1utc1v cs:-entiaJ ::l.\.. al1 sj!ccds t1:a~ 111­
\..imate cont.act be mQi'~~':'::'cd-bcl"\\'ccn thc pant.agraph and t:~e
contact eoncbctor, ;:l.i:,j t:lis cnJ1 . ·~.::t ]Je aCl'otllpl.ished by so
sU[lporting: I;h': conductors v,ith loop hangers, alJoWi!lg freedom
of \'C'rtical r:10YCmcnt without the ::([(l(/ inertiQ of t.he catenary.
The ap\I"ar<l pressure of tIle pant,lgl'al,.h >:houltl ft::. >~r be suf­
ficicnt tl) slig-htly lift the contact conductors, The contact
conductors are, thcrcrv;'C', Jifted and Ct,~·;-:~·,l rrcc o[ L!W supj!or~­

ill~ c~ttcn~n' bv the panLagraph in its ]nL<;~agc. We fvund
th~oug-l1 Q series of 'vests, Lr.at the ,\'cnr vf the pantagraph col­
lector and thc contact COndtlctor W2.S clue not so much :;0 the
friction or mcchanical \\'ear as it was to the Cll'C;ng duc to co1­
i\::ctii1l! ctti'rent, c\-cn an incipien~ arcing, so S1~1:tll as to be hardly
visibk. h;t\'j11g a cleslrueLI',e cITed. fl.;.; :l_nj·l:usl.r;l~.ion, \\)wn
colk'ctlng 1000 amper~s, the rate of wear _w~t~: 20.....0s:..prcsstrre
.ilgaillsr-t (').flL c'1:C:nductOl" .\-as ab01nd.OU lIC WJlPlf It proveel
f()t,.c-ar~o-tbs-:-PE~ ~)- the- '" "ter be-ing::.rhe-f1reslime adopted
for-the N 1 w~mJ.:ce s(J1J\lice. Running c0i1j)er to copper we found,
a" migKC1f<wc ",.1(;en eXllilC cd, that 1ub!"ication of the contact
surfaces \'."as essential to maiJ~tcl:illi;lg a snlOOU, sllrracc, a11(l for
this ]Jurpose a mixture of sr~~J~~_l!;lld 19p_~i.~_was .u;ed. It,
might be expecLcr! th:tt JubncntlO11 wou ( IJ1crl':lse reSlSl.a:lce 01
the contact surface. The most ca:reful examint.:tion seemeu to
indicate trlat the cO'lrll1ctiv;ty is r:tther improved. than other­
wise. So far as we can iudie frorr. 'l:e tests, and £:rom othcr
lines operating under si:ml1ar-bl~t less iavombk c0nclitions, the
contact conductor 011 t.he ::Yfi1waukee will Ja~t for anum ix:r of
milli"Jn pantag:r::tp2:. passes, , "

Thcre is n0 ~1 .:ubt that S'_~~)station Qnd locomotive cqu~pmcnt
of 5000 volts c<.t.'1 be success[tdly oper,:l.tecL The subst.::.',;():l

C(lllillnlClll. w I 'I\l<1 no! <lifTer '''::It'ri:t11y frllm :1 ;)()()O-\'oll- jl1."~.;llh­

L;I)I]. Th(' 1i)(:,111l(,Liv(' 1110t."'c, llow('\,lT, h'(":I'1I:~·.· 01 ~ >: <l,!di~lIl1::d

In,;u!aLiol!"'" .. :: .... <1, :1.1If1 dl,l:;>1I(':-:~ :~":II(' ('!:.:':;.::<: 111 lite Ill':;Wll
\\'m,I·: il:l.I'C· iv ..;;.; 1'(llVl"l" fill' ,,!··.. ·':l :;i"c :l!:ti \\',·i,.::!\., :111~1 i~'l :tii pn,J,-
'll,::;1 " '1 "1"(':lll'l" IIUIII"'" 'lilJ!urs \\"(lLI;': :.(.' rc"llIin:d ror iL
' ,. " h • r - )(),'il"::: S(·I"1"\'l'. TIll" ]Ol·IIi', ... jl·l' Cllllll"<,l l\ji:Jj>l))("lIl. ·or ;)(\l
~oll.s :-:(.,'.":: 11'111" : :·i:l("i!J:III~.. ;, qUl':,!.iOll 01' 1ill" ,:L<!ci;~i(:I::d S)':I(,(,
rl'q~lil"'.:,i ilJ<,II;' , ;',I"i ;1.11,1 !,:!' I Ill' 1)I!lJ'C e,,:.l':I:lcd ;!j"l'll:g- 01 ,.he
clllll:ll:I.Clr;.;. E.\.]ll' :111l'1I(,:11 (I\h'T;I.ti(l1l of lltl: \3 11 (.\.C', i\lI:I('ollc!a
and Pacific IOG(l1'1u(wes a! ,)!lm "olls ';;."10 opporttl;11ty I
trying ou[ \.lIC CUJ"lIC\'~r1\.'-Vl'·l'· ~:,p.[cr _(:Q:ll":tl:-~;~r n.Pf'l1~O~111l:~1flg~

. sc~~raT.1c:m::-;.,rcllI~: :LII" Ihsftu\-cr:-; at. .. ,',:" ) or ,!OOlJ \,0, ts
:u:c 1~10rc ~~artilllg, Jr'..lt Sl'cm . () be e\Til. 11'~S ,.~·,;lrLlctJ\"C to t,le
an)l~n\tus, than at 600 volts. Tbe high-v")~'.age Clre sccms Lo

, r" 1 N 10""'1 1···.. ';·1<T t'han "r ,1.,) (.sprcad over morc sur'u.ce ~n:n e.",; \...... J, •. I ,." " ' <Iv •• ,_

lower volt[l.ge,
The rcsults of o!lcm~ion 01: I.he Mi1wankee 11:: ve been extrcme­

lv i-,'TC1.tiEving. Na'tlling >ns ,)ccurl"cd in eonncc~ion.\I"it~l the ~hC
l;r :~()(JO ;'oll~ t11:1(: 1lli;:)!1. il1)[ \\"<'1l hn'c hnp!,l"J~("i WIth (,OO \·~!(.S.
:\1.i:l0.r tl"onh!c'; h~\'c devd('}J('c; in thc r,uxii:,l":, \~c\'.lCl"S, l)ar~lctt­

br1l' on the ;OCC~11'Oti.vcs, \'"~ I~I !1 ;"re n10re 2.;:' i(';.--ing thcl11 senou~,

and C:l.ll casill" be corrcdcc1. ,
Thc rq;enerative featurl' of t.he Mil\\'?l1\'C:~ locoJnoLl\'CS k\s

in ever\" Vv":lY been as sucf'('s::;ftll as al1",lC:'.,,, .x!. . The eastern
gradc of Lhc j~()C"ky MOlIn t~iT~ is 2 per C'CI't rl') ~~ 1"\!es, ~111(.1 ho: h
frci~hl: ;).11(1 p:l.ssC'n~t::· Ll'a;lJ:; :::'C ~akcl1 dO""1 : l~i;'; g:·:!dc. \I"lLllOtlL
air 'hr;tkcs more stl'a~lii~' a;\d smooLh iy t h;i i .. ,],e:,- I.-un l'~'~'n nn
t.hc lc\rcl, ~n(l \\·i.t!1ou(. iJW (:,:h.,· incident. Lo I:1;';!'l'et1011 01; IJr;,tke
shoes and ',;vl1C.{,?)S a" :'cqu;rl'<1 whc!"! :ti r Iy·;!kc,., ~! !"~: u.serl. c)n "ohc
lessl'r g:radcs, where an oec~,_:i(.!ll:ll appltc:tI1()~l UI au" brakes .Ilas
formel:!\," been required, l'I.:::ci,lcration is ;:1:-0 lY'.acl~ u.se...of ts
conCrol- the 'c]";\;11 at; wIJate'."u· sj:t:c,.l desircd. The ill'Xlbll\!.y. 0:

d-c. reg-cneration makes it j>:::·'.iCl:h;·iy S".;:.~d);l.' for Lhc rcgul2.,-,on
of tr:tins over a v~lrial.>1c pn·"k... .

I quite u,"ree \\"ith :i\Jr. ~;:r;~gue that it ~I"l:·t\ld l)e UllW1SC ty
S:ty Lh:-,' :)000 \"(llts is [l.1illali~y, ;::]([ havill,~ ill j"':.:;11(11(, eCl)l101l11C
problem:.; that have to be dl'C_.l ,,,"it h. allcllr';~- r'1l!r0.~ds .a~e.~~cr~
atec1 for profit, there \\'oult"l ::'.' ,'\'cn l:.::-,~ Wl;;(,(".111. lJl dll: ,tt bhl a.r~·

estQ.hlishme'~l.of Q stamian! not; b_aserl. on ~~?C:'J;,I:C~: " ., . +s
Caivert Townle\': 1 eLll v;l,.lOlse Lhc l.\s.~ "p~,lker ~ lell1.1,.',

''''''lin~t tllC e'';lahl~:;bn1('nto~ ;. sLan(tard \'ol::.",.!c or t'yi11.:':: i.') say'
;~~~\' ,"'I1::L :-h;,ll \JC the lim;'.:';'lils of rutun: I'r;leti~c. ] 0C'iicye
that the Institute 3,ud all en,:<,'('rs illCli\-id'ct2Jil: should c~1Cour~gc

e\"cry I)ossib1e advance in 1:1;', ,:r i.. cmrJ c1CVC;u1'IGent::: s~ll'h as ,;he
one "d:scribed in M:. RC:F~.:~~."s !);':.lcr C'l':,n-1~' l:ldleate th~tt
subc~antiQ1 J)ro~rcss is still ;·c:a.:; l11:l\:~'. Ev ~':':,' l1~"IP]"()veml'nt 11'1

fund:'.Tr.enta!s even jf acco:~'!~::,.I1:,,<1 by sor:.~,'· u;;,tavora.:b1e con­
strnction linita.;;io:-,s ",·l,ich ;'~'C nf)~ fUllC!;i':'l'l':.::tl shon1d hc \':e1-
corned and ellcou:·a~cd. 1

1'1 commenting, o'n the er.':f:'si~y fc.\- looki~:~:' at cycry, pr0b.~~n
frO'11 all angles \':hcn scicei.~' ':_: a sys Lem, t:" iast SPC"KC~' CJUlte
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propcrJy f:Lvorecl :t gre;ltcr investment in. ~h-, exC'c~s coppC'r
required 1»)( a ]O\V~T voltag(' ~y~t.cnl and w!llcn. I ICjWCCl:.l tes \'l~r)'

little, against the S:tI11C' amount put i:·lI.() the IJllTULScd cost, ol
the motor~ and auxiliaries of ;\ hi~~her v\J; ~age SyS1;C"~l where the
m~int.('.llanccann depreciation arc both grcat.er. j <: ::·.',st i)('. b:o!"ne
in miacl, however, that :t sys~0mwhieh pennj~.i'. ':hc use of a lllghcr
voltage scores a distin(:~. ~·:..:nu?mcntnl and per":lanent advanec ',~

the a~t while whatever may be the present offsetting di~:J.bilities
of inerca~wd equipment costs, these are la!'~ely tempor::t;:-y ..~
~t~st begimli:'ls' to make :iOOO-vQlt. equi,)ments and. 3000.:.

equij)'rri'ents ilre nof so ver 'okt 1'h: ~listory of al1~Jectr:ical
t~ ~en 1,15 sfJO\\'n that we mr..y t:Oll(ltlC:J.tly expect l111provc­
ments in design \\';licl1 \\'i1l1ar~(.:~· tlr entirely remoyc ~\ich tem­
porary oflsctting disabilities if allY, (.~. may nowe:-;:st. One
speaker cited the St. Pa1;l-l R.oad as an eX2..'nple to. pro,,? that a.
3000-volt trolicv c,mJ. 1$ hIgh cnot:i.;h, concludmg tnereforc
that there iii ne; usc of tryicg to use hi~hcr prC'$sures, Hc
relll:~rked tll:lt unh- 01lC' sin~k r)oo,OOO-cirt'ul:\, :':"11 fel~(1e1' is
nceded :J'l'(Jl1!:!!!lut-the ('ntir;: klll:!.h of lil1('. \Y!'~;lont !):!lI~;il1~~
to l'Oll111WII(. Oil t.h(~ advisa.lliliL~' or ktl.il1~~ til,:. ('lI(.irt' sen'it:~· nr
a br':t' railway system dl'pclld ~,:' (lIlC fee(k" it is illLcn~stillg to
I\ok ~(.1t:lL a :'i()(J.()()()-l'i!Tlll:tr mil hare COPi'l';' kl'(kl'.. :.:0 miles
Jun:', l'alls rill' ()VtT :~,:'iO(),()()() PlllU:cls o[ C:O!>I'l'r, ,,·.. hle wi~h ;,()()()
vo(t's al1(l with Ll1c ~"~IW l'llerg>' loss ',he il1vc<:ll'_'I:~ ill over
2,OOO,UOO pounds or l'his ('opPl'r 'y~·::!d ',,: ll:!l1t'C~:~":lr~'.

I feel vcrI' S~i" 'J:~'h' "haL ti:~' . ·.·:'.. i!al.l: s[lOlIld w,'!co!11t' :!I1(1 111
no Sl'n~c :ltLe;.11j)t "tu decry ally fumla:nC'nLaJ a<!v:1I1(;C stich
as is described in the paper of thc evening, and '.\T sbouid Co!1­
J,;ratulate oursch'cs <tad. the suCccs~r\ll designers Lhat such
progress has been 111:-1<1e possible" .

\V1Jilc reioicil1}.: at the recent r:t))l<l and market! Ulcre~~l'S

in :waiJalJ!e·continuo\1s-curn.:nt voltages. it is Jlerh:tps i:ltcresLji1~
'';0 ask whv tltis stllh;cn activity-this very matcrial advance
after ycan:· o( practically no progress \\'hell Lite limits SCC111t'U tu
have f,cco1l1c rather 1i!'111 h· cstablisht:d? ) lind LJ J(:~ ~I !'s\\'cr brgelv
in thc illercascd del11an~ls of thc new !it.'ld of hcavy railro:!tl
e1cdrificatiotl and thc c1c\'l:\ojll11cnt of ~ h: <:l~lc-phase systcm
which threaLl:IlC'c! tl) mUll':: "ii:t.c this ':(:;,i. The sti: ll 1111ls of
l'0111pct.ihon h:IS supplied thc lH:cL1('(1 :11~'~tl(ivc to g!·t':lt('1'
t'xl'rtions il1 tltl' sL11l1v o( eon(.;:\lI()l1S-C\!!T('n!. P()~;~!;):;:!,ic:s. 1f ('011­

(:i1HJ()1l~-CllrrCj1t ;!J)J);lrartlS was to rc('ci\'(~ serio'.!» c')!isidcratiol~ in
IH'ilvv r:t!!I'():ic1il~g it was necessary that eV<:1'~' possible recJnctl()n
in the cxc-esslvc casts of '. ;i:... t sYstem should bc )';'l:tde ;',1~d eycry
;H1\'an l.:, .. ,. [:akcl1 of simf)i·~·::·:l~.icin of met.hod. These cOlll1i.ti("l!1s
have n~L;'''-Eg-C\.1. It':; still ne(;e~s[try [or the C(1:l.tinno"...1s­
current svstcm to bc bettered, A :3000-volt trolley is rl<:! zood.
cno')!.:h t~ more tJ:an ineident:l:':,'- share. lTI'.:eh 1cso.; :'. ',,0nupolir.e
the l-ieav'.' t;'action fidd aga:.!'sl the a;ternat~.. ;,·: t"';·:·(;;l~ . .It is
k:' fl'O:~l c1t':tr that ~ven a 5000-volt trolley e,m.f. ,.-iiJ besuffi:.
dent to prev:;jl over :w".ila:»)e alterimhng--currcn sys::.ems but

it is howev('r a long: sh'p ':1 'Ill' ri:::H. dir'.'·:·· ;')11 ;111<1 \rl' :s!J"111rl
wc::cnl11e :ll1 r! enC'()~.:l':!'.'I.' ';, ':"cr\' I'o:·;"ihl,' 11';11.

S, I. O('~~(~rreich(l;' \-i ;"':1· il', i\11'. I{,,,, !;:J\\"~ p:IJlt'l' 0111.­
g~Jler:ll ~l1tJillCo: ':(; I"" ';!:\'l"~~ fund; 'l".·l1t::1 prillcipic:.; (;f
hl,Kh-tenS1011 d-c, r,':. '-~l\' iir;tt:{ i"l' :lre d:.,-;;:,';":. pl"·h:!j)s, it
will not b,..: out "r l'i;l('C v' ''1'::I';(,n ccrt:::'1 d('~::\ls 1)( 111 f)(.!cr; I
d-c, railroilr! i.n·;"·' i:-:,,:.

iVIT. Rell!;li:iw l!1)C-: Ill)!. 11;,'.' .' .-·Ce!l·;.l!~C L,;, ~.ltTi('s i~l t"(lllIICct~Oll
wit.h i;;·.:b-icm:ioJ\ tl-c. rail.":": I\·llrk. ]:","'1' tho: r inkr. that
.:vrr. KC;Jl:-;h,I\'" doC's llOt. de(-l~; it pr:.lc',,\(::d LO c; ... ·~;;!rler s\;C'b . for :;',c
volta!~cg which are (1i::;cu;'~t.! ;:; h~s lJ:l'1Cr, .

,Vhlc thcre art', Jl.U (hu1.·I .. (;()!1;i.1~Ta;J;'.' . iiPit:!.tiLivs a1>~)ut :,
flo:1. hng battery on :'. [;;·I.Y :l!l;:O-VO!:. I'.{nipl:!l'n t, .!!o\\'C\'Cl' d. cer­
tainl).- WOll!:l ~e wurth \I·ii:;\.: to jm'estJ~~;' : thco;c dj[~ict:iLics
£o~ t.he "S,:KC .of the :1:d'.'Qnt:::.:::s gained L-'.llr '.he t'c('l101llic op8r­
atlOn 01 :;(:'2 l:l.stallatlOr. :1S :: \\'hole.

The gre:t,est h:1m]:c;ljJS ' .. ':' ~lil'h :! stllr;J.:~·.· :nlL(TY l'ro~('('\. arc
purely ('Ol!1nit'rcial. N:I1,t:I"':\' t.hi" :-:id~' (If ;.j.(: Ill'(,I';'''11 ;;lusL L:e
cldC'iiTli:>t.·,', rn>111 (':IS,' to I';:.:,: ;,~; il :.. :'.' :··:.d·d, :111.1 r'll' '.\':';l'l,
1\0 dclj,';I_l~ nile,,,; e:1I1 h,,: :'('1. ,i"wll ill ;!I;, :.: •....

[·'rom L1Jl~ l:l'chl1 iC':l I silk: i,,'rc (':ll! hI' II" '/111·,:i.i:1I1. ! II;!! ;( i~:
cllLil'dy l'l::,,,i!llc ttl !>uiid :::,:; ()1)~'1':Ii.l' \\,:1'" p'Tr(·('[. !'vii:,hiii, \'
a sLt.Jr;l~e hattcr)' f'JI' all\' '·(':IS(111:11.1c llJO,,!'."·;J!:·!I· ili~h-:.~'n,;ill;1
volt :I.g'e. .

To .!.:ivL: (.his staLcl1lcl1l. l:!.:r;l' I\'l"i.l:hl.. .1 ;,.-·iil ('il,' ;1 IIO(J-\·, .. IL
d-e. railroad equipl1lcul ilS (~,,-~,::~:~,, i 1)\' !\1 r. I~:::,.·i'l·".l'ilid l'l1~i:Il:t'i'
or the Bt1ll:tp<:"t City R:lill·(,;,'; ,'0, TII:s 1":~i~I':I;!'" 1.·p('I';\(,('d in
1\) 1'2 abotJt- ,'i(j miles of (.h:\·(' l)r:~lll'h li:ll'~. :1·;1'.·;;1!.: a LI)t;d of
J.bol\t .I 24 miles of (;1';'.ck::. .

Un Or)C of these lint'~, Wi: '1·;L length of :t!")"L :!O l11iks. t'll'l'C
<'.1'e O'.W g'encratin~ n..ld two sltbst:-ltio>1s. ]'o\':cr is gl'nl';':l~eu :It

;ll.O()O voits, 42 cycles,:~ r:':~"", and sapplied til mol()J" ~el1t';";lt()I'S
J1l till' substation:-;, TIj" ~(l"'·:'·;I.t'n·s in the ,;'.~ilsLaLi()lls L':('l/c'ratc
Oll :'!li~ parLicular line I j.:,':" dls,.dirC'cl.-l'\;··:·,,'lil. .

Upon t·,· -I-c, bus is eOll::,'c(;ed a Tudor !;\'Ill: ·IS·I·-Cl'1I I()()fl­
:nnp('!'l'-br. 0Llttcry whicit 11,,;:l.s upon L11l' s\,.-:r_l'ill i!~ :111\' oLhr:r
stancbrd GaLtery, '-

There is no(.ltifl~: rl'll1~lr!,:~:,it: 0:' ~pl'ci;1I ;,!" 1\':. LlI is j Ils(.:111:1 Lillll
as a unit.. Tlie b:!.~tery~is ~:;,;~dard ;n C\ ~'J':: :":~p~'.('L I·xeepi. t.lll'
h:lt.(-cry 1'00111. \\'hl'rt' the 11:",".; :ll1tl \\,;ll! :tn' ;)":111;';(.('11 rronl (he
hilildil1g-,

Even 0;1 :L (·.i1rl'~·-'.\'il·c ill, (.;dbti(~l1, havin.:.: :1';( poLl'nl.i:ds fi;'j()

and 11 no voiLs, t.'wre is no TII:cultv c:'\)Jt:riem<·'.: ::rom the b:,~·~er..:,
The on!y spcC'i:ll aIIXili:l.l':'- ::h:~ (]t:l1bll'-\"':: :!.!.~" (''1 ui i '11 ll'nt -i~
the counter-c,m,f. booster .":'T'ator. Til> .·:c:t consists of a
GOO-volt d-c. motor and six ·.';·:1cr~t0r~ mou'1L~(1 unCH th~ ~3me
sh::.ft. '~'!~c operatioll of l;<; set is >","C".,~' <:::~dllrd. .E:tch
three generators t:l.kinL': c~r,' of one <.:: of :[~~ sv~t(;'m. ':':;e
'-Cl~ ..,<y(" 1"C('",·I.,::.,,.. of 1.'j·le b':('~"PI' J'C"l"l~~'''J' "I.: \,-,'11· .,~ tl't' ; "10'• --. ~:"o ... A .' ·.l. V #. ¥.' ,oa.. • Cl... V .\. .... .. ;....;) .. , .\,.:\

dj~tr::;·,~;.)nb,:~\"..cen. gcner:t~'):·;· m:' r::::.tcj"y i:; ~'·1.hrcly D.'.ltomatic,



:no I)-C. R/!!LWA YS [Apr;! J.1 l:l1G]

"

.,

. "

" '

; :1"

·1

:\1'<,' !'c'r inlcresling f<-:d.tlr(' of t.hi!' l~\1(bpc<;t system is the

()\Trlw;td li'l(" l·1l11"t.l'lH:Liol1, wit!l its rk;-.;i!11c trolky \vin.: S\lSjll'll­

siol1. \\PO!l ll1l~ 1l1e~;Sl'!1~I::'" c:lhk. The tl'()lk~' wire is :tlhl\\'(,'c1 to

slide kll~~t.h\\·isl' O\'l'l' ,.iw tracks, to :tll.iust itselt :wtomatic:dly

tn ; :l' climatic v:l!'ialioTls, allowing :: rn:l~ C(lntracl!I.'11 Ol' cxpan·

SiO:l of the \;'irl' wiLhout additioll:tl s:q..~).'.il\g U;llkl' the slispension

cl:t1l1jlS, ;111': >')1\\ which it foilo\Vs Lh:lt s1;;,rki.ng is r>.11l10st en­

Lirt'lydllne :1\\,:IY with. Coullt.l'r-\Vl'l;.;hts of aoont ;)()OO 11). at every

mile c. ·~'.ill-' ;lncl a hatf or so ahot:t ta.,!{l: carc of ,1~r.: even trolley

tl'n<o: .. ' "'!' I'heir ;,('.spceth·e sections.

BC!1j:JtG;n F. Wood: 1 have )Jcen connecled with a system'

tllat l;;lS sL:~llbl'di'l,atjon in bet, :1ll( ~.'.:ely 1 have eil:mged to a

S\'stcm tha~ 11::.: <.anclan.1ir.:l.tio'n, to <1. great L,;-.;tent, in theory,

'I'he trolley car' ma;, "'<11:'.-: evcrybody to ac'lllpt his stanel­

ard. 1 notiecd in the first picture whicb was thrown on

the screen tllC1.t there were four ,'" five voltages shown. It
clocs secm that some stancbrdi7.ation is (~~:;i!':~hk, but I think thr>.t

tb~ electrical 1ll:'..!1 is getting: himiielf u,t,) some diffic'tllt~, with

~hc r:lilroad people \\'I1L:I: i;\.: talks about cost anel tllL; little rc­

fi:J~eml'llts connected \\,it11 the efficiency of operatiOl~. I made

some Cakl.1!ati.om; one time on the eicetrineation of a. GOtlblc.:­

trac',;: li:1C, 1:30 n,iks long, 9per:tting 300(} to 3;iOO-ton trains,

at twenty minute inten-als throughout the (~n:y', at a mctximu!11

rating of 0.2 per cent, <l!ld foulld that cOl,ld he done ,"vith GOO

volts. The clifTerellce in cost bctl·...een the different voltages

·....:lS (:(It'1p,lral;'''el~: :;;111:tll, unly 2 pCI' cent on tl,(' tot'l!. and ;:!'l'

cost'.-- ':jll'I'a til)ll wotiicl 1>e uniy ,i few per ('('nt. \\'hen you

realize that (ilL: total ft,cl cost on a trunk line is on Iv five nr

six per Ct:I1~ o( tilL: opL:ratinl-: e:'l)cnses, a'l(l you have .~0t to f>ell

elcctric l)o\\'cr to the steam milroa(I a t ap~)rox:1i,:ttdy the cost

of fael ",!i('ll yOli take "ver that ()ller;,~1n;]hy electric service. Y()11

\\·ill see tllat \\'Ill'1l \'c','1 come t(1 ~:tve 1ive per cent, 01' t(';1 per

ccnt, even, (1( this'rnc1 percentage, it is of l:ritlin.i i111J1nrtance

\\'hen cmJlparctl wilb llepcnJabiiity of operation. Th:tt is

the primary thing. The rai\roacl man \"':~,nts "G:!,,~thtng he can

be sure is going to Cpt'rate contillltOusly :.l::U rcliaoly, ::r.el that is

the end tQ \Vhi(;l~ all ('rrort~ at !itanchnliz:1tion should hc chreeteel.

Ernest V. Pannell: If I have ttl~(!'~;'~U)()d Mr. Renshaw's

C()lll'i\!:~i,::;~ (:()iTcctlY,lw is stron~~Jyin f:,I\'(11'of the!noto" insl!1:Jtcd

for 12,00 \'01 ts al~ll eOlllmltt<tL;~:;:' 01~;~' liOa as oppo~ecl to the

motor which operates at a terminal pressw-c of 1200. Now this

t,peration of two 1!lOtors in sc,'it'S 01) a 1200-volt troliey has always

seemed to me ·to represent onl" half a solution of thc high-'

\'C'i.t:'..ge r:~ilway problem. It is expedient where a considerable

pr0portion of the :unning is on the GOO-volt troliey but one usu­

a.Uy fincls tha t wherc ::'!.teru1'han car:: "r:crate within city limits,

the ~;\\'iteh over from &00 to 1200 ,·olts.occurs at the end 0: t::c

.limited spe('.cl a!"cD. !>o that tr.e :T,0!OrS tn2<.e up fl111 speed jl1S~. ".S

soon a, fu!i. ,:,:ced is pe1'mj~sible.

The IT!~',1:" 'Jroblems att:lchil~g to the <1:c:;ign 'Jf high-voltage

motors arc tIro; those of insulaji,~';1 and comlr.mta.~iQn. In

l'()t1~t.rt:clillg :1 ~l~()(.or \\'!:i"l, " ;:1 "pi':':::" il' :""':,,~ "';1.11 :11)('{!ll'!'

011 J:':oo \·o!!·~. ~.;:t· first I;;·"j,~· ;': n:l"" f(~ :", Illvl {'i\';\r;li!("('~: ll:t\.c

.Ltl be "'unjcil';~L to Utl;(' (':11'1' t.'- ;:.:',:.<1\'('1', !)I''''[,,\, :'11': i" lltei:ll,('r­

]OI' lIa\'(~ (.11 !Jl' nlllll<1l'.t! qn '. ··1 l'xi ,.. , "I(d :"'''lh'inll ........ :,.(1

In a lTCl.'lll. il\S(;1.l1l·(: C'/Il: ~;!I'i .':1;11":: 'I':;;:L',,\, oj';:' 1:-,;').",\·:, "I'i(')l;~

~'()It .Jllvl.(lr w(Jrl~"d 'llll. :i! :';-1;, 1",'1" cellI. \'.-lle:·,·:~:,: ;,;'l' Clll';'l'~~!lll!lll~

In;..:' ()OO-vnll· t1t~::IY:11 \\'IIl1Jd pr::;. hl~. ]);l\'l' a \';":1:: of ;ll) perccllt:

III otllel' \\·lIr,.1<; <III :""Il:llur" III j';VC'l ~:;;~l' k,,·.:: c:lp;lcity :2;) ,'l:1'

cl'nt ](')',\:'1' \ ..·.'ll·11 '11;;llbl(',1 {":. 'i C:1.ltl ;IS l'lqIlP;II'L:t! wjl it (jOO

\'olts . .'\ow 111 :Twkln~ t.1;cac!diti.')l1:1.1 m{)dir;'··~.:~111S {or rllllllin p

tilL:. molor "i.n.'d. llll !:";fl() \·nl'.< U1<~ "O!':i1~\;L,.,,1' h:ll's II:l\'<: t~

he l!1~re:lsl'd 111 lHl1ni>l'l', p()s~:iI,!y I,.\·j (iO pCI' C·'.-I:'. an,1 the :L!'1l1:t­

.tw·',\ If a two-turn willding rcd':"('ll ttl ulle 1",·)). Silllllital:l'()!1sh'

11O\\'e,"e1' the amperes per mo: ' .' ;n]' a ,~ivt.:ll oU:.. ;)'.lt arc n:clut.:ecl

by some ;iO PCI' eel~t ~hjs m;l:;t:s it possibic .(l ~l".lrtCI1 up the

e?mmut"tor uy :t slmlbr jW(::".ll'tion. A !th(};.i~·;) on necount (;r
t:;espaee requJfec1 for he,!ri):~.,... :':;u, etc., it i~ ::,'possii.>lc to alid

to the core-length every l::Cii :::.\:(:;ll on the (;o:l~'mtLat()r. it will

t1swl1.1y he {o\1nri pr:\cliv.;liJh- 1',0 jl~(,;'l'aSc t.1:c l",I)'C 11\' ~\\'o io

four wehes and by t.l+; me,,"':',: '~::'1 ''''J'1''+''''e ',.. ,'p "'1"1'\' "J ...."''''·l'O'
R .. "' ···_"-~.c..""~~l \,j~\"••• c.':--, ••: ••. ~:'_J

1.1.1:" On the fon:~o;l1g hilsis ,:j·::":l'cfnre. :t mot·.t>:· or ~:i;:ell 'weight

\~1l1 aetuall}: J~a\'e a greater o)~ltr:;lt with j :2i)l.l tcnn:n~:; \'olts

f:'.1~il \\'11e1'~ It IS ol~e of :t p:li7' ,;.','si~ncc1 for \\,(<i·:.:i.~1.~ in series on
thiS DocentIaJ.

.As' 1\:£r, Rensh:nv implie!', th: flnest.io;l of tI >lb1's nnd ('t'l~!S

\V~!) ultll:natcly~t'.~t1ethe. ma;-.;i;":':ll \';-':Lag(~S fl1 rr;·j'w:l..\'II!>eratiull.

\-\ c <10. not. nlll our tratlls :tt :,... ':', miles all :'IIlIl' 11t'l·'I,:<.:e l:hL'

cost .0,1. ~r:lck .~:lai.::ten:Ll1ce ani! ~!:'-"\Tr ror OpC:it:OIl \l'llllid 'be

prollllllltve. ~lmll:trly an C(;· )1''''Jlli~·;,: 1 :~'txii~:'.: :1'; \'t'! t1<fC will

U<.: eVlll~'ed b<':YO:1d which the \;X(:;',; cost :Ll1tl ]1;;lilltella;~ce of

~hc eCJwp:~cnt WIll ?Ilt-k:;'::('e :11e ecnnom.v 0;'1 ~!Jc lille copper.

I3cc:t::::.c.' ;,Ull volts I"; ,t!)()'.i~ th: :11:.l~imtllll \\'!,il·il e<tn he applied

to ,a r:ltlw:-\y lllC1tor C011!m~ll:\~'I1' In servict, ::it.h IT<lSOIl,;!']'

~atI~[acLory n.',.;tllt~ 1 Wllilld Sl' Lile JI1<tXillltlll:. :!c-,.;irai!k trojk\'

pn;~~t1l'c at :3000 volts in l;,~ ))n:~eJ1t. stalTC off"'t 'lrt .

A. II: Armstrong: There ~I!''-' two ~maJe;' ~;;J;:;lin;statements

m~c1e 111 .~/rr, Renshaw's nafl~'r ancl to hrin.t.; : :;1'111 fr('~'hh' to

mlml.f Will quotc. With !'c('!",:wc to t1~L: use: 1)( ~·I()lJ ''.J;~S till'

authur slates "From a ~:('ller:l: ·;·:.:Ll1clpoint, l](l\\,,'\'<:r, \\'hile tI~c'

r(;:";tllL~1J::\·c uyL:J! welcoJlle as ,~ con tri !JU tion t'J Lile dt'vcloJll1lc!l L

0: :~: art, SUItable a;)!?l.icaL.i,("I~·:forthis particubr \o'oltag~are ap­

pu.I~lhly son;,~'v'hat!::C,Ulg. , (Jl1 t.he next p::ge the author goes

on to state, l~or heav'}' tracttol''. en the c~her h?.nd this voltage is

much toa 1 Lnl.sQl . th ,p"'.,bkn ::lim· CQ.lnPrc.

4t-enslve \ya" o..a.t.trc~ the inv '·.:nent of caoital in eleetriuQ-fum.

_:yen 3QQQ v.clts.,.-\!l1 '~ ..-erel)·· 'l;~--llill ' ,'9Hdn'''' ill"C to

• some extent, does n',':: ::'0 so c07'::iietelv." TIl!.' .. ,'.: .. :•.11' th~n ('oes

on 1.<;> lnakc the St1gg-{'~:~':0i1 :' .:. ~;06D volt~ :.'{··,:cl: Ct:il"':"'!; be

ad0t:ter.1 and s~aGd,:! ..::....'," ":" ;.J:·'.lper d-c, '.·<)l~;'.g·e £01' ck~'~ri-
fieat,en ,,"ork. .
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A m.nnbe,· of veal'S ago on the floor of this Insi::itute t!~e sug­
gest.i0!1 W(\S made to stand::mJ: ~<; th~ L)-('~'cle a-c, singlc-~ha.se
moto~ system as the stan(bnl eqUipment for steam ratlway
e\cctrificatio:ls. At tha.t time not a s'ingk 15-cyck a-c. motor
was in operation in this country, and ')l."S one installation has
been made ~n tile maav years w!lich h:1.ve since passec\.' To­
night we hrn-e the suggestion that 5000 volts direct currc?t be
stanc1.ar<li ;l,ed although t 1',cre is only.one e:-:pcrimcntd c?.~eqtllpped

with t,(){Jl)-volt doc. appm:l.tl1s \-vhieh has been in intermittent
expcri men t:el sen'ice for a period of a f~~\I' 11lonr:hs, ,

There ~u'e in open.1.tloni;l this country thn:;c vcry cxtensiVe
r:lil\l':I\' s\'sk1l1S using: d.-c. motor ~~qt1il'l1lcllts flf 2:l00 to :3U()O
volLs, ':llld conLracts ha\'c~ becn leL f('1' "inlj];11' :1.PJla~':~\.1:s for 1.\':1)
olher illstnlLitiulls "::;') ~)f S"'l1e: mal~llitlld('. [n "icw of LilCSC
f:: ·:·s it' the::dorc seems pl'r~inel1t to app"o:lch the propo~:11 to
standank~,,' ;;()(l()-volt (I-c. appar:lLus hy asking two qUl'stions.

I.. \Vi~:, ;'~!('Ls :Ir~~ lX':;;I1(l the two s(·:~t"ml'nts (clade in' l\,oJr.
[{(,lIS!!:I\\' ill whi('h hl' !>n>:t<l1v c1ist"l'l'<1it:s 2·IO() :!!Hl ilO()()-vol(,
;lpi':lr:I1,\IS as 1)('!I1,!~ :II'plic:Ii'!I' Lo 111:1.il1 lil1e l'~l.'.ctrjfi('al.i,,>!\)

:2. WII:II. vXI'('I'il'Pi " is !)('l,illl! t.lJc~ SUI~I~l'sl.!I'l1 Lh:lL ;)(){)(J volts
Ill' :1<I!1pl.<-d as. a sl.:!llli;lr<l <I-c. 11I,[1.'IlLi;i! alII! \\'11:\t :It'iI'aIlL:q..:vs
dll'.'s iLl l!rc~rt

TlH' s\\'l'Vpil1l-: St;,kl!lc'llls that :2,IOU amI ::000 vulLs dircd
c\llTel,L ":Irc .11111('11 :."(J loll' to solvl' \.I11~ "rohIe-IlL" (,:lIl1ll,t i'l:
acn'l )(,ed \l'i Lhou t :Hlv:lIlCi lIg SlI l1iciell L fads to <1 ispl"llve tl1e
c'co;!n: :'ie Ii Lllcss or Lh~: a[lparatlis ll~ 1\,,' I) [K:rati Il~; sllcn:ssfl::1 y
Oil Lill'CC raiiw:~)'s anll U1r,j':T construction for bl'o more. , I~s[le­

c:;lily ,~ L.hi'i.sO \y lWIl one dedi :;~·:,.ltiu~1~:)O volLs has a 1'0:1 L'
nil '" 0" ~rre:ltcr tllal' tlte COT'l1bllll,;d kn~Lil L',. :~lrTIic:_c,eeLn lGl~1UtL
thus ;·:.r ('()mpjdi1!tt-i:n-tlll~ coun(.ry ~u J:..Le, .It is t.hcrefore
I. !;lmC "t;'IC't 1Z0 tll1ch:1.1kngcdTIic . ro~a statement that po­
ten~ials eOllsi<1eraiJlv highel' than ,WOO vo;(.o.; (Erect el\rre!1t :mlst
he resortcd to in circler "to ;ttl.r:!('l the investment of c:tpital
in electrification," In the :d.lsc;H'e u[ ~tny faets suppurting the
claim that :WOO-\'o[{: d-e. locul1!uLives cannot success[ully meet
the rCCluiremenLs o[ heavy traction service, it is 111)t. ()lIL o[ pbcc
to refer to SOnlco[ the [uwhmenLal fz~aLt:resof thc C. ]'vI. ~1ncl S. P.
I:kctrifleatioll 0llcratil1g at that poLc:l1ti:ll. .. , .

This dect ~'i(j(':;,ti()J) l'xl-cilds ovcr fOtI r sl:cam C11I~\nc (It VISIons,
a toLal o[ .-/-::J rl}!Ih~ milc's ;UTOSS (.11;"('(' mountain '·:1.n~:('s, thc
Belt, H,ock)' :end HiLLer ]{ilOt. 11loulL:lins, ;l.I~d prt'sc::ts all t1l(:
]J:":~'!,::ns ('ol1rr()l1l:i!l~': operation ovel·:1. brokcn jwoiil.e from lc.::el
track to long sltstained gr,t(les of :2 per cent, Th~s 4'.l~ m~les

of tr:Lck is feel from 14 molor-generator substatlOlls :l;:.vmg
an ~,ggrcgate insl:Llle:l capacity of ;~!},5{)O kll·. ful;-lo:ul rating.
In each of these sltbst:J.tIons there IS one motor-gC!lCr2.tor set
sC~'ving ~s a com pktc sparc so that i~ nO;"'H::\l.ope~·2.ti?n.of the
road' the nggrc~~,t:c ·',:bstatio11 capo-cIty nmmng IS lll1;l1ted to
:33,000 k\\". Til:::: total ~-c. :oad on the 14 substcttions v:~11 '),ob­
ably b~ less tiw n 14,000 1(\\'., givir:g :1. loael factor of over 40

"

per cent of the agi.:rl"!..;al-,' "'\l1nillj: (',I.pil':';'-:'· 'lr the SU1)';~:ltlO:lS.

Tl1is rCPl:erkabh' )liQL I, "'.1 !':tcl'.o;, !" ~C(' ···~'.l l:;y ~:X~('i'1l~ the
substations ~:om;~ ::li Inil,..; : U,irt, ns ;>crmi:~ .;,1 hy troiky dis~ri­
bution at :-3000 vr,Ji,'; dlr'.:< ':"1'IT;,t. '1'11> <t!)stn~i'l'l ~paeir,~;
i~; O~)L;.11ed in m'.'::,:· (':1q' ,.-".11 nl1l\' one .iJO,()()()-c;rc-ubrmil
feeder :',":)1 f',rci!l.~ (J 'l~ l. ,':( J·l, ,. ,';: !'il"'((rol k ''- ,... ; ;'e:~, Lk' c:x~:cl)tio"s
being tLc ~ TiC'r 1',."1.1. ;;)';1" ""'1'1' !'r;c ;~'lt'l::", \1()L\11~iti,ts. ;tcd ~he
1.7 per Cl:lll. p,r:l.d.c C)\'C.'i· li:,.- .Hi-tln Root :.l·'~i!l\.alJ1S, Il.\ ":·.-hr.,,!J
loc:ttions J,.JOO,OOIl-cil'('1I1:1:' ;'.i! :;;.;.' 1,()O(J.(i(;l! C!~'Ct'!.1<t.. Iml iecucr
e<tbks rcsllccl'ivcly rlill[or,(' :1-10 trolley.

\Ye IJav'c (.!Iell in i he St·. 1":'1l1 L·II.'I'Lr:·['jr·.:,,'; a goocl C:\:11l1pk or
W!I:lL (;111 be ..lone wiLh :;r.. ';!)-\'olt Lrtllkl' (:i·'~ri!>lI[.il)ll <In" ~.::.,

abuv~ statelllellL givl';'; (~\idl'I\l'e lhill.' sl:',';!:d:ll1\ spal';II).: is
approxii11ately :,;2 ,iliks, j h' k,,:d~r ('Clj,,[W,' i:::;,.:L!kcl is et\Lil'l.'ly
reasoll;lb!c ;tnd furthermu!'t: .lIe load hvlt-I' "t l.IlC 1111 ,ttl:' )..:'clwr­
ator '<Ls runlling ill Lhe sa)"'.\'.;I)::S \Illder;, 'j'IIl:I: sCl"\';ecisvl'!'Y
"ooel illcll'l'(l. Fur(.1wrnll),·'·. :he' :::L!l(J() i,,·,-. 1'lllllli;lg in 1.11(' l·l
~lIhsL:ll.i'IlI~: fllrni:-.ll l11lll'l'I' :'1 1:2 111::ill iill'.· !tl('tlll!"I:\T~: :!Iltll '2
~\\'i"'h ('Ill,jn",; 1t;I.\'in":1 (",llli>i'll'(II'l!!J!iJ:ll"';'; :·;,ti!I::· "I' 1:::'.lHI()
IL]1, "r !);~:O()(J !,w. \;··lJj('II! fll!'I!:r'r pn"d ::,i,: 11)(' .s\lld;:[;('::
sp:ll'i1W is sll!·'i('i·.'ijf.lv ):n':I' ." 1l1·(lld.: (>;I i:J,-; .. ,' ",,1 ",,, !ll I I W 11I;".!I"·

01 divl'l'';;l.v 1';1'.'1 \.'1' ')1' ~.i;(' :"":I"':'! 1('('(>:II(lli·.-,·.: Ojlt,,':II;Il;: :11111 ;IS'
si}.::1cd lo ;.:;lCh l1ivisjoli, ;\ "I.:I!·'111l'11:. "I ::-.,. 1;1111.1'. jill:I'·,.:: :-:
:Lml.Pacilic H,'lil\\'av tlIHT:!~i!';~ ;It :2·ru() \'1,11.:: ,llrcl'l.l'lIITl!lll. \...··'::111
add l'urLllc:' !';;cl,<; tl; LI10S\.; c:i.~'d ill Llll' (':1:,'.' "~' . Ill' ('. \1. a~ld ~;. P.
alld L1le~~ facts are su1J,lli\ ( ..d ;IS slll,sl:I:', ;;t l ,'v;rlcllc'e LI1;1L :!·WI)
:Jud :)(J(iO·\'()lt (Iired ClllTl':'~ :11'<; stdli('il'!ll ':. J",i:.:;h L,) ;ull'llll:tLdy
take r;l1'i,; of the dC111:111<!:-: .,~' milill [.1'11":, ;i'le l·kl:Lrilll';tlicm.
The V;tin weight. q!} lI~e :-;~ .. :';lid tClt:ils :),-)():j :1l:lS ;:;'I':'S incl..lclin,C';
](JC'Jl~lot.i\'es, and these he:\':\' tr~l.!!lS op\.:ul·:· :'J.:iliJlst ,l ~ pCI' e~'!.lt

"l'ade :It .lS miks pcr honr. lJn the Butte, :\:1:I(:on<1a :ll1<1 PaC'lJtc
,-. , I' Itr:1.1ns of ;')000 ton,; g:'OSS i~.;·C bCIJl!..( npe';, 'l'l ;:~:;~'Jlsl. ;~ esser
gradient a:lcl the avera.l~L.: .;["('11 in tn'\\'\ :'\('lkr:-; :lIHI ~;"')\111,1

return 011 eiLher road will i".: IUll;:d ~l' Ill' it·s:-: [.!J;:11 10 !Jl',' cell!
llllller the averaJ.:c t.ra.flJe J;'~lJ1allds :lI!<i i 'c:ssihi\' :LO !'l':' (":IIL
maximull1 under ccrtai!l c'ollc.ld.;(.'llS of OpeL!! 1')\1-

It mav seem aLtradi\'..: !o ;1!'.':;lVS crl\l:--"!n lhe lise or :;[il\
higher v~ltagcs, !JuL iL 1\)";', he l't'c(')g'llizCI: U:ill. \T!',\' !li,l!;1t vIlIL­
ag'cs i1111'('.-:e their l.lllrdcl! "J" ~'XIJl'1'ISC :1I1<1 "(lll1plH'ilL\oJ1s ,l\I)O,l1
Lhl~ J1Iol.ivc IHlI\'l:r ;tnd ;::I:' .. laLit)!l :ljl!':I[·:IL;~; tllll.d ;\ IHlIi1~. I';

re~ehc(l where Lhcse C!)st~; ;.'.'('01JJC ;';1.> C.':'·\::~':\~' ;IS [.0 more tllan
olTscl llie !Tl1t:····.;OIl ilL re("!~':' ('oPlwr :111,1 ,<'WI" ;\ll\·;llll,::.I.':CS d a
hiRh cJi<;Vibnting vo\lag:c. There is JJO~11i'1\. in.hcr.en,t.1y :",-:xl)e~t­

sivc in a hiO"h-volt:J.O"e )()':OI1Ir>tl\'C :ll1rl t'l:':' 1S h~ !.. l~ S:IVlI1~ 111

the fir:;': rost of the '~nti'rc !:::,~allQtion by ~l':'n:;fcrri;l'~ ace:' .::in
portion of the i~liti:l.l in'.'o::,( "\lent in copn':'- \:0 ~ e'l!":'C'spom~I:li~

inc,'(,:'l:5S in the' (~),;L of lO~':);',,'li\·,~s whi,~i::,; ~ilC rest! I t of gO! :l~";

to hi,""~r puj'c'cC ,,1<:
lZ~:;:'l~rijlg .aga-i-~ 'to tb·.· ~:,r0;Jos.:-,1 to st1\:Lrdi%c !joan \'olts

direct eUlTcnt, I do not S:';',l"~: witil Mr. R(;;1:iii;)'" the cOlldtlSIOn
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that this puleJlti:tl is a n;ttmal ~ekcLion vr in :LIlY \\o":l\' : /:'cscul$
Lhe la::;l word in tlte dC"c!O!llllcnt of d-l: : .' ):1l0Livc'cquipj'lCnts
Hdoi'e the llecisil.'l1 \Va..; l11a\ll~ Lo adupt ;~: 1·(;-"oIL doc, ap}Jarat.u~

"lor t]JC £;:- M, :1II( ., ., e.·Jtausbve ex )erunl":!;~ PC e ear£icd
Ollt at. ~~cta: '-;iJ,LU-" apparatus opl.:r;, ,,'('.lIas
'!.iDOo v." t~j\'iLjl an ill-a of (l(Jter~llining.if VORsiGk l.ha limiting
potcntl:1 ~ of (-c. ~pparatus, ~~ f) sud~ limits were discovcred,
as wl!:T1',le a~ti1y cons me ·co. :tpparat'tls tested. it was found
[lo.-:si1.>ic to Sl.tc(',~ss(u.lly (1)cn liOOO "olts on eOl1t~tCtors, circuit
br~':\J((~rs ami fuses a:"sembkc1 £01' thc pttrpose and further~1:orc the
cur:"'~:lt u:oeu. was obt::.i-nccl fro.m moto,-gcn~rator sets :l<lQ w<'..s of
suf!;cicnt volume to dcmons~n:.~\..' ~'!:e su'c('cs<;ful opcr~tion of doc.
app:l1':ltw: aL tJ1is pot.cntial in . <)Jl1lncn:~;t~ s~rvice, To my minel
thC":efor(; it is r:ot :~ 4uestio~ of the fcasi.1Jility of opcrating doc,
eqt1~pment at lug-hc:' than 3000 volts, but rather ,vhat advantage
eithcr in I;rst cost, cost of operation or increased facilities does
the adoption of a highcr potcntial offer..

The ::iCUO-volt C:-i:' ;c,d from 11 mercurv rcetifier tubc referrcd to
by ~1r. RensllJ.\\' constitutcs a mos·t interc:3ting- experiment
but m no \\'[t\' forms a sHfilcicntlv solid basis for a rccommGnda­
tiO:l to allort-GOOO volts '_::~-cct c';r:-(':~t for h.cavy traction electri­
iicatior:. if facb; can be '.Ii·c1osC'/~ v,hie:: will discredit 2400 and
3000 volts direct currer:~ ,:'e:1 >. ,.,.. ill be time to consider ',:'!C

!nitial installation of d-e, app,,:-;·... '.!~ at a higher potential, ~",d

Its suecc~S;t:: perform~lUec per~~(~"s in bn'_~ may lc2d to the
adoptioll of a general stand<'l.rd <.l-c. potenthl hi;;her thaa
:)()()O vo!i..-~. 'With thc fads at hand, 1<0\'':c':cr, 1 S(:~ no reason
to go to a higher Dotcn:;i:ll than :)(l(iD volts even to meet the
requirements d the hcaviest kind uf ~runk ::\:c sen.-icc, In
fact tl~erc ~s ;r~~:ch more rcason to suggest st;:ndardizing this
potcntw.1 \n"h the wei:!:ht of expcricncc hehind it t~:tl1 to blindly
au.ol't :L higher potential !\,'l~ yct in comme:'· '.: ,~(;rvice on anv
~c:tll: commcnsura.te with the problems to bc s{)~vccl.

Selby Haar (by !cUer): 1 should like to have ~tr. Renshaw
. hi\"C his reasons for preferring ;>000 volts as Lhe standard. Vicwed
as, :t ,mulLiple uf 1200 and 2-100 volts i ', sl~ollld: ~tppurcr\t.i.v,

smt hl1n le~~ than 6000 "'olts, which is derivcd from 1500 and
:-lO~\),vol~s, l:.nrthel'1nore I dn not see th<:t it is obtaincd by
rccLlhcatlOn oj. a-c. voltage or potcnti.:\l any morc convcl1ienth
Uwn S01l\e oLher poLcnLial of Lhc samc vrder or magllitt:\.'~,

Carl. Schwartz (by ktt-.;r): ~1r. Renshaw's papcr in calling
aLtcntlOn VJ the SU(;u";: [;.ll application for railw:t)' opcr.:ttion of
dircct currcnt of sufficient voltage to comparc i"1 ccomonv of
transmission favorably with s;:, :~lc-phasc alternating current
~:.,g-gest;:: :l p:)tcntial of ,:iOOO ',olt-;; r.~ :, st3.1Y~ard o::,c-rating voltage,

\Vithout desiring in any way to dctract from the valuc of
sta~:.-jard;7.atioll, I would likcco caution against orematureJ.v
ac.0;;L':'ng a st::>,nd:wd high cl-c. \.'olta~e for raih\';w w~rk, ­

\Vc havc in upcration a ,'aric,)' of systems \·:itb di.fferent
pressures so that the ultimatc loss on account. of lack of st:>..nd-

;1;'di,,~tLiOI\ "';)1.11<1 nil!. }",. 1:;('1":::11\· il'c·I'<·;'.;.·i1 if <;I..:,ndanli;r.ati"ll
Y,;IS dcrc'rrl'(] !I11lil \\,,' :.;'1" ::I,i(' l.o·rPI·t'S('(' jll<'I"'.' ddil1i!.l'h· \\'l)::L
the fU[:l1!'l' ,\'ill hr;11;': :1·. :.\ '1('\\' ':"\'1'\"1';" 'Ills ::11(\ c:\I)(·'1':"!I"(,.

Pr:ll'!.w:t1ly :111 s:':II1,hl ,iii :lre 1L"I'l'<;111( PI' ~r:ldll:d d('\T]llln:wnL
!.fl a cl('~~J'('(' wh'l'c :1 1"1II'll,,'" il1('rc:t:':l' ill !:('rt"'I'li~)11 'Jr (·ni!'i('!ll'\· i-i
cithe!' illl(lO'~~:i1>k: '."- lIllil·.'ce:~~::lr\' alltl it :-:(:C'111:-: Cil1esli()II:;I"~~'
lV;l~~(I1("- '.... 1·. iJ:,,'C' n·ll,.,,, ... <I . hi:; I,oinl as 1':1" :1" \·()Jl;l~.:(' I"or ekl'tric
l~ra111 1~I);T:(ti'lil i:· UJlIl'( ,·::!'rI. :-::::lloIar,h:;I"illll :,' .al!'ll'l('c! Luo
c,',rly ('II 11('::, n1<::lI) ..: it t'~)I'd" ;.:\ prugress or il" I"" 'gress i<; not stupl)ed
:;tan(bre.1iz:tLiol1 :Lll[;',1lO:"i ·.~h' fnil:-:. .,

The p;lpcr furLh~r pcr:.. ,!.':UlC conduc;io:; that if hi"h-volla"c
d" ,.. "n'cct. el:rrent lS :,,, ~ll('{' .' ,'\11 it:, it pron,j;:cs Lo il(', Jl<' fuLlire
sLallll:tru. SYSLC~ll, i:: Sll~':, " Lltin~ is p(l~"i1Jlc, ha:> ilJ(Tt'ascLi
ch~nccs to be dlrcct curn']1\; ,'ather than s;~:;;ic-plw~(' ::lhcn1ating
eurrCllt_

Tl?e writcr has refraincti.lrom taking p::.:'t in (liscussions con-'
ecrn:::J.g the relativc mc:':'.·; r.. ;· :ngk-lJh::·.;(; alt('rr'.:lting currcnt
as compared witll direct l:t:1':';'::J~ for cl(;c~ ;·i,· traction. Thcrc is
onc fC:2.t'.lre in his mind, ll"\\"cver, [0:' ::1:1;'.\' -d':~r:; ll11clll\at is thc
Lli!Tlcl:lt.ics connectcd wiLL the gc'llcrat;, :' .0 j' s:,ngJe-ph:l:~e ~lller­
n.aLil1g Clll·--enl. T!lesc dil·"l·dtlcs are t:~l:;,;iy re f1"i:! cd ~.,~, "Pi·rc­
clabl~' hl~hcr cost of eurr:::lt and grcaLer t'1::ll1L:C vf di;:~"dJances
in the gcneraLl71g statioll. .

If thcsc dil1iculties C,HI be eliminated h\' the usc of (lircct
current, .still reLaining cs'Oc-; "~:;l1ly the a<l\':11I ~~l~es of silJ.~le-phasc
a-c, transmissic:'l: a. long sLel) in advance ','::1: i)c mack.

The principai rC~lSOl1 1".Jr Ute rd;! c! \'e! " 1: mi ~l'(! ·."t·cVj lie:1L:Oll
of st~am railroads is not til:LL ~k'a11l :'ailJ'(l~d l~:e;l ha,'e ;ai:cd to Ujl­
preclatc the aU\':lntngcs of t:lect.ric opcraLi(.l'~ but ratl:cr t.he fact
that so hr thc investrnen' :'cquircd [or ail r)f the dec~ric l;raetio;"C
sy~Lc1l1s lla~ heen so hi\:'( ·,.il:t' iL \\';\s ill !1~(l,;L C:L:-:CS ho',cl('"s Lo
cx:,',:cL a s:1.ving i.n 1)j!'.:\:a,.i:1.l: ex.;;c:!1SC~ to ;):,', j',,:, I,h" a:1LJiLion:11
Iixl'cl e11argcs. . "

i\1:'. Renshaw's paper ;l:clieaLes tha:. :.;1is l1.lilClic:lj> shows
signl-: o[ hcco111in~ mal-t-;';:;;l:.--n'(!llcctl.

N.Y.T. Storer: Thc po:,;: :n ';\.Jr. ReIlS!'.iW·S Jl<!.pcr limtshould
appeal mo~t to the r~ilw;:\ t'llgineer i:=: lh.: !"lrtray;1! of the gn:;I1;
}Jrog'-c~s Lh,!l: has Iwcn :·,'.·!:lc i.n the car "I!d iocO:l1otin\ e«uip­
1ll~:l1i.s. .fo;: 0i>C'raLiCJll Oil il:('l'l':ISil1~:!Y hi:"! doc, \'uil:l!-:('';, l'11t.­
l1:l\1atm~ III the ;">QUO-vol: (':\1' cq\.lipn~cnt I haL l1:ls bce!1 in opera­
'.JOll dUf1ng thc past '-c::" :!t lH'kson. ?dic··1. Thc ~lpcraLi()11 llr
this cquipmcnt has been :.'. re\'(~l2..tion to .lil conce:';1cu ana it
may be intercsting to di~Cl1SS brief\v the :.:.:tin noini;:; of intcrest
in it, e'.-T~l tho'..:g-h it has O':'Cll p-<..r~!)Jy clc,:c:'iuecl in the tcchnical
papers.

The development o( t!:~s equij.Jille;lt '\.,." crtrri<::d ou:' in pt:r­
su::.nce of a settled c1etel'l'·:';'0.t1o;1 ~o fino. :;- :)o~sihle, a limit to
doc. \'?:tage for railv,,:ty p'.I'·:.l:)SC~, or:'.t \c:'~' ':(> !'ce if it is !)o:::~:h1e
to :lrrlve 2.t one ,....hich Y'-l.'_,ld be high ":-2cl~h to meet l;:t: re­
quil'cll1e~ts oi hcD,\'Y clcc:'!c tract101l in ~\':":"'C ~nst:tt:ees, aad
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to do this economically. The_dev.~cnt ()f iiO().O-volt AP­
paratus lYal; startdl ~everalyears ago at a time when 2400 vol ts..
\\~~lS the maximuIU cl"('. potential tha,t hall been installed on an)' .

-Tm<.: ill tbis COi.:]\!rl'. It was kw.'wn that ar.. expcrimental line
'\'2:-' in oper8tio11 il{ England at 3;JOO volts, d-c., but no informa­
tion COlll:~rujn.!!; it was avaibble at that time. Since t!lCD, I
havc :;~Ld the pleasurc of riding on this ~3;)OO-volt car and have
inspeeled the equipment. Owing to limitations in the sub­
sbtion gcnerator; the equipment has been o)erated most of
the time ",ith the motors all i:1 series giving ho.~~· voltage and
half spced. However, thc commutation of these :i'r:8~ors was
excel1c'nt at fu]] voJ tClge :1l1d· praet.; (,:llly no trouble had bcen
experienccd \\'ith any p:nt of the cquipmcnt, exccpt thc uyna­
motor \\'hic11 was llsed for furnishing ;,)\\,cr for Jights, control
a:1<} comprcssor.

This c:'\' j(:"il~l1Ce cOl'resp011l1s C'1os~,l~. wi l it tl1at of the !iOOO­
vulL ('ql:iJ>;n~'llL, exccpt tll:Lt the i::V,!, bas 11<) c1yn:mHl::"'·.

A\1\' S\'SLl'11l of ckc!riiical ;011, u;· ::11\' vulL.J.i-:l' t.haL. is a;:':'1c<1
Lo l.ill, (:I~,<:t.riri(';d.ioJI or a hca\i\' l,!'ani';ll lilll~, should hi: suit.a],k
11<1!. Oilly ior IO(·(l1l1,d.in's. I Ill!, ror 111Il11illi(' lInit. (;:Ii':; :1:': \\'l'11.
Sillt·c tllc ;;()ll\J-volt c<[l:ipllH':lL. \\'lli\'h 1I;IS IH"':l ill OP('I':lti,II1,
(,()l1sist.s d J'nur motors oj' ():11~' j(j() 10. p. (':I('il. ('.his <':111 he s:lJ'cly
s:tid i 0 IlL- suitable for Illlihpk-Ililit car ojlcr::tioll. 111 vic\': of
the fact t.1l:lt mallv of tllC limitat.iolls to the voltage uf a slllall
lllutUI' arc l1luch J,;i'c:ttcr than in a large motor, it would :tpjJC<lr
lhat it \Yculu Ge still casicr to build Jar.!!:er co.llljJU1e;1ts and loco­
motives, at Jc8st the problem:.; d insulatioll an,j commutation
should be easicr.

Prom 111'. ArmsLnmg's <1i"(~l\ssit)ll, it may be: inferred ~:--I'~ he'
1~lli!lks this is :t rrea k constructio!l. Cerlainh', the des:; :-,S of
th(~ molor ami swiLch ;.?;roi.1ps arc quite dir:'ere;~t from thc oniinary
types uf mutors ant! switc.h gn)'!~'~' for car pllrpo:-;cs. However,
r.. careful cxamination of the C~I.1;:':cent \"ill :-;how th:\t the
p,ineip1cs arc identical with tlw:-;·,.' o[ tile stand:::-li wl~ll-knowl1

typcs and that the ditlerel1ce is in lIppe:,r:Ll1CC aniy: thc \,olt[lge
!;l:tw('CG commutator bars is no higher than on the o;'dinary
liDO-volt motors; tlw voltag-es betwcen the upp<:'r and lower
javel'S of the ;,r!i!:tLllre Wirtl!i:lg are no greater than wilh any
1200-vl11t armature; the l1l11l1Ger of ficl~l C(,i]s is Jess tl1:111 Oil
lhe ordinary f()l~r-Jl(Jle muter; ill fad, thrvugltuut pL'<tctic:'llly
tllc C:ltirc motor, tlJ': consLruction is simpler than that of tbe
ordinan! GO(j,\'{)]t ntotol', Pr:lctic:llly all t.hat; has to be i-:;.' "11

special ~arc is the instdation of the annnY1FC windings fro1ll grollnc1.
Ho\\' ":ell tl1:s was oonc n,ay be i,~ [c;Tc,i lrom the Ltd t.ha t aftc!' . ,,':
car had ran over:~O,OOO ~niles, O~1e of the armature leads. leading
from the coil to the commutator hal', b;'oke off arId 2 ]')ole about
1'2 inches in diamctcr was burned through the grmatme h:ccJ.
Tilis :trmawre stood a test of 12,'~~() \'o1.:s :\-(' ~,') Q'round "\';'.. :'.,:.;,t
u Sig:1 ()f c1js~rc~s. The com1"'::~~i:::: 1f)!1 l'!as () .. I~.:-;' as Dca:' i ~~ ~·~cct

ilS th:lt of [my GOO-Yolt motor, and \'.-1']i!e there ha"c :.'2-:'::'1 ,yses

of f:.:,<:hing in the ~,]l(l'(·,·..1<':,' lJ·I\'l'. \','i!,;~,,\,~, (:'xccpl.ior1. bccn clue
to alHl0rnl:tl call :1...... ,> • 'I "., a:, ll..;\·l'~·~)'··' \}n~1)1~lr.at,1:l~ ~ .. ! .\:, Oi"
broken bl'u,;h-hu!,j,-r I,d :". :111(1 i;1 '10 ".:,:' ':"s tbcl'e h'c'li a!ly
daIJl<l)!,c r<:::,,1I'.il1;.; 1'1'<1'11 : ;::::. .

The opc':': !je)l1 Col' 1.11,; ·,,::itcl11·~s with tl~,,' arc <;oll\'::~rs lUeS been
so sncce~!J\tl I.liat. ; 11':1',' ;Ip!><':lr:~ tlJ 1~:, :10 (U'licu>y ",ilatc"cr
in c1esi~'.::·!·' <;\'\'iLdw"; l, >;,,''<Ee ;Ul\' rC;I;;o·.l<lbk ;tnw·.···· 0f r)OWCf

at thi~;·'. '" ':l~f:. 'l'lIr: ll"" ,,:,litter; servI' tu }~n~al!:' ,,':l'l'CaSC the
lcrwth of tlte an;, a:: ..... : "", 1.0 clJ \:1 i'·. The i;l.slliation of the
s\\'iteb gW:1p w;:·; so \,,,-r0ct i:h,lt ah1:'J':~(h the sW1tcil group
f\·:ttnes ",'1'1"',.' :: ;'uu flc!l'(1 : i.I j :,c C:l;' stnh· ... ·., "'_', L11crl' \\';'S :~o case of
a breakdowli in the i;I' .. ::.til)l1 u:ltil ;'-I',T :1. I L,OOlJ-\"()it. trans­
:n;ssion linc ho.<1 drujlp(·,l 1m the t,rq'!\·\" \I·irc. Then <l. ~ho:·t

time later, one s'.\'i tch ~ ;,;:-nlator 1.n<1 (';:-: motor armrrtUl'e \\'cre
~;ro lindcd.

The auxiEaries arc \,,":'y \\'ell t"kCIl '::In: of by t.he st(l~:,~'e

battt~ry, \\'11icl1 is l.;onl1,;c.:-d betwl'cn t.I:,: ll',:\il1 :1". .. t.·lrs ami ;:1::.
Since the opcr:etion of ,.!''; COlll]>reSSIJr ;:' tlL'l:c~'l'1i 11:1: ii ! 11\' '::11'
st:~rls, l.i~e haLtl'I'\' is 11:,1 rCl\"irn] L(J i'::::\i~:il \','1'\' 111\:(:1 , "I' the
!'O\\'('!' fllr \.ilc CUII;[Jl'l~~;;' 1 :lILt,'!' ',\'lli,:!J I, I''J':I:~'\; 1'1"1111 l.i'I' (',\lTl-lit
t1tJ'(n::·h Lit,,; 111:1[li 1I111·'I!·;:. 'i'lll: !j;I~,:,'''.: :li,:·",I'!,:: tIll: (';"'('i::: ',,1'

rt:rlli~!l<'s all\' <':U1'1'::lll. 'illt is l'l'(llI;\'c,! "Ill'\',' L1w :11:1\11 1\\('(."1'

(;lll'l'l:llL. T,I;c (lul.y ',Il ~I:c st"r:',~": \':11. .. ,-;,." is. t.i:lTd,'J'('. vt'l'y
light.. Te~t oI11,i!i:: ~ 1~:;!lIllellt. S'!()\\'s !1\':">\I.1 ,!i:l'Stioll the po;.;­
siLlilit\' or ojJet'ating s:lt:sl'<Ic-lorily \\'illt -",niH) \'olt" ill :i\:1Jt sen·icc.
There' \\'ould appear (.n hi; i10 rcasrl11 to 1""II11t. cll::!. ;(', lViil 0!1l:r:ILc.:
at !(·:J.st as \-I'cl1 in he:",':: service.

1\1'- to Lhe ljllcst'ioll 0:: 'VU~d:1J'tli7.:tLirn1. i. do 1lnt. t.I1;\lk til:\t \\'~

Ill'cd to fed t.hat· \t r. l~f,~!;:-.tn\\' h:tcl :,1'.' I11lenll!ll~ \I'h:lc('\'cr ot.
st:Lr'"ill~ O\\t tn SlW\\' t1l:,;. :->[)()() \'oILs (:(1\,1<: ;'C :1t. r)Il\'C :1.:":)('.e(l as
a sLntlarci.' ft is a n(.in'> ~') ;!i1ll at, an'; it C'crt;l,il'!Y seems more
10)..';i'·;11 to tl nckrLake' 1'11,' ,;t'\Tl11plnCIlL <l:' ;'['p;lr;l(lIS for i1 \"oiLage
which it is rl'cogn~zccl ".\ "uld il(; 11igh Clll".:git to h:!l1Cllc iWY kind
or trai'fie with :t vcr:, l'l'011lnn;(',t! disi :·;:,,It,iOIl S."~llTl, th;tll t.o
1::'ocee<1 by the sm:d.i :::,clls \\'hi.ell h:~\": ~hl1:-: f:ll' j>eell l~lade.
!\~ :l. 1ll:\Ltcr of bet, It. ,:: rC('I).~IlIZl'd t',:IL :,C()() \'(llls \)'cll:lc1 ,lOt
ue at 1l.11 suit:l.hk [or st;=.ndanl:zation :( it coul(i !lot Ix~ made
thoroll"hl\' n:1ia.bk. '1\ ;w.s not, of C,\;::·,.:t'. yet r<.:eei'·e<1 a test
under ~crid1t;()nS Wj,l(';, ',vould \V:1I',';!1~:' ;,<JopLin;..: it ior K"lll~r:d
usc, or trJ rcplace otl1l.'," \'stabli;;hc<l ~:·,.',:~,t·IilS, lmL it il'- (:l~rl::\in

that a new" uogie ,. k'~ Ilec;l e>;ta1Jli~!:::d, anti i~ is a '·(lILe,gc.:
bevond which it al;::C':~:'S scarc2!y\,,'o:::,': \',hile at tbis tilllc to
"0- To be :.-iurc, tl\i~ '.;::"e (;(IC;:plll('nL 'xa~ OjJcr:tLeu at as !li:lh
~~'70r)o "cIt's ('xpcrir!l":'L:lliy'".ith en~,:'~ s~,tisbction, hut this
::;imjJly sltO\'.'S t!le fLLctw "f ::;;11ety whil<i ,!~!.' :)r~'::;cnt C(:ui l,:;\<:'llt
h:ls .

There has been somc r:'."11bt eXfJ::-C's~ec\ 1.1:" sc,'cr:11 of the speak­
ers 8.S to the eS0I10I:'lY -< any higl:sf \'I... i:agc thaD :3(,!()O. :l';,e
answer to tilis ouestioI'. '~::;~]l';~';> s()1c:ly I;:: c:·.~· v,st r)f St,Dsto.l;0r:5

and 10co;jl'j·,i;;,;". ~£ r.'~" i:l.C'1'case in rh' cost of locomoIiv<.:s l:;
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~()J11g to bc a large }lerC'cntnge' of the eo~t of :JOaO-volt locomo­
tives, '.. :\C limit wo,:ld i)(;.: vcry 'soon rc~\ched. l>tlt this c1c:)('nds
ell li I'd:: Oil (.1iL' Lj' jl'~. (J ( IClcCJlr.uli ve lhat i~ :lcloptecl, :1.11c1 till: lt~e

or tile l\\,ill-arlllalllrc Ili·polar llluloJ' places a VCl'Y difkrel\t
li)~ht on lh;~ q\lc~"l.ioll of cost from what wo,dd :~jJ!)ear wiU, the
oj'h'l' (or!11~ or motors. As~, .1~lallc·r uf bel, il iq,y,'ars lil,.l; the
:lel,Elioil:11 Cll~ \. II r :l IPCIlJlllll in.: IL~~igne(l [or ;'/000 ','01 ts o\'er ,.hal
(or ;{OOI} \'l,lts wilt :'C n "cry small ]JCITcnt:l;":c oj" the tola] cust.
while t'ilC clccrease in the c.:oslol S.:iIS;.l,l;..:;,; :~Jld. fceder coppc
wiil !Jl,; ,L vcry cOllsiclcrnLh.: jlrol)01'~i(J11. It, thcrdore, secms
im,vitnl)Je tlnt :1 hi!!:h~r volt:1.gc than :iOOa will bc utilizcd ill
Lilt.: ::;':,1' rtlLlIl'e, :lllli wl:eLiH;1' Litis v()ll:lJ~c \\'ili ])l: .'j(J(JO, 'l:.!(JO
or {j(lO(} , is, lo a u.:rlain extent. imm:lterial.

Til<.: ~tt1"allt:l:~I' or it st:tlIl1anl V\,11('11 can be a<!optcll by uni­
versal C'OIlS('l't :~: ~o ~~rcat that I fed lh[tt c"cry criort should IJc
madc to 1'<.::'.ch one at the c:i,'lie~:L pos<;il*~ chtc, If 'wc ca n get
togcther anci decide on somcth:ng- whie.:h wc fcd will be propcr
and fundamental, ~s I\:Ir. Townley has cxpresscd it, ,.....c wiil be
do:ng f~r iJc'~ter t:1<Ul by trying S0 mallY sicps along the Ene.

I1\ :1. paper wh:ch I recently pre: :'~ :':.'/1 in En~lall0.. I st.ated
tllat in a country "'here t: ~re is ~:: . ",,~;·:\tie govcrnment, onc
mnn can cke.:idc on '\'hat is going to [-,C· t.he standard. In anothcr
country, whl.:re j;~ere is absolute inc:<:;<:ndenee and ind.iYidll:'l
init.ic.t:ivc., t:1E.'rc m:lY be a ht~ndn~d 1,:.iCerent things proposed
and :Isccl t~, :,.ccomplish thc same purpose, In the first case
wl:iic thc mu.ll mny not deeidc on t;:(~ ')cst system, it would prob­
a:)iy nevertheless operate more ~<t:,i:':.·:·lc~~,'~11y than in the btter
case \'.-1wl'l' UWI'C arc so mallY diffel'cnt scilelllCS. i)ee~l1!:::~ thc cost
of iW, ~:::ldl!~·~:n the [lrst c[;,sc \\"ill bc very lTIHch lcs!" and every­
or~:..: will hCCC);~1C familiar with ~ r,c one f:~'stcm and kind of ap­
paratus, a~ld thc opcration willundoubtcdly become satisfactory
c'.'en thO\l.~j~ ~herc mG.Y be !,,~)ll1C other sy~tcm which would hit",c
bcen a l:~t~,.; chea~cr lii)dcl' fJle s:~l11e cO'1clitiol1s. At prescllt,.c
".': ~ rcql1irccl In dc~s:1'.n :ill]J:1.ratn~ to mect 111:1.n)' clifLerc:lt SYS'~(;i~S

;-;;1ich arc n::1,lly inlended to pcrfurrn lhe s~~mc work, in this
way, the cost of c1cvc1opnlcllt and manufacture runs up to an

.cno'·mOltS figurc, '.\'lt~ch llw o;Jcr:1.ling" C;Ol11IXtlllCS must evcn­
':, ... ~~:: pay j'O)·.

:'.; r. ~:):·agllc.: h:LS. as usuaL ~:>""'; :t spicy addition to thc dis­
cltssion of the p:\]Jer. althol1;::h 0ne 11l11"~' sC:lreh a long time
Ldorc.: fJJlllil1.~ wherein it <l.p]ilil's tv the ~ubjcc\' unclel' discusslon.
It would appear that he assumes £:-0111 the fact that NIr, Renshaw,
\\'ho reprcscn Ls the.: C01l11x\ny which has been responsi1Jlc for
practically :lll of the stlccessf'"~l single-phasc installations in this
C:Ct:ntry, ]~as prcscr:tcrl a paper outli::J.i.l;~ the possibilitics of high­
volt:lr~c d-e, appar2.tus, that the sin6'le-pr.ase system is, th~re­

for~, (krv.1. A Ettle hrthcr invcstigcu;ior.. of the qucstion \\-ill
P;-~"\'C: ..... :\.11'. S-;mH?:ue's satisf~ction that be single-ph2.se system
is verv m".lch ali ,,'e,

_\::' ~ Sprague has quoted· one of my previo"..1s state1-r.E':l.~S in
re5arcl to the influence of (;C.~ on the system of electrific<li..ion,

J :-;till hold that 1\1<' u!I!i11atc d('('i~i{)n .... ill he l':"~l'd nil lhC' fi;'st
('(lsl awl t:.1~(' ('ost ('f 11:.1';11 jOll, prp\'id,',; ,1;" sy~l(,1l1:" :1:"<: ('(jll:ill.\'­
1'(,,;,,1,1.. Tt ·is ,'t-rl'l;n : ~1'!1 ;"('li:d,i!:!'" j.; !'{)il1~' (II 1>(' :1 1l1'l111t·
r:l;:;;.~I.'.· i,U!; ;·(']·j;l],;ii;.··., i~ '. r\'l:ilivl' (,,"';;'. '1"lll'n:·:\;·" :n;I!1~' lilings
on :1. "::I;lr,,;!'1 whi.·ll ,';;''';'.' "":'I~'S \." 1;':1.:"\1'. iI' th' ;lUI1;!>('r "I
<1l'l:tys incjd"111. to 1\1:i",'::'; ('Ili.ir,dy :\pal'i ;'!'llill IIll' )\1'\\'\'1' S\'~;L"I!l

is v(""v 1:!l';.~c ;11 "':'''i': ,:~lllj \1·il.l1 \h(" 111:1:11,('1' du(' \.\1 Ihe ('kcL\'1­
('ill C< .':111,.:1'11.. li:~~ q\:(·,·;'.i~lll" or rC'i.1:ti)ir:\· or l!~,' !:tt,l\-;' ;'L'C'Olll('S
of ]e;;.; ".I·II'I)rL:IIJ'.·(', ;,(!::.\,,,Il 'ljlpar:ll:t;:. \\'llult! clc>i!hl1('~s ],('
m()n~ rdinllJ.c lhan al!\" .,: . ile slj-c:tlk,1 hlKh-vnlLagc Clr :::lng1c­
plw~:;(' s~·;'I.('llIS, hIli' ('I:' ,.. :d'!" nf Li,(, s::,;·!i ;H1rl.;:.!..'I1:l1 '·c· li :;]'i1!!. ...·
would h~ far !~'''s 1.hilll il!!. e~;ll':1 ,·,)~I. I'; ;'kdrl:.\·lll~ ~t jlJllg hl~C"'

'V1tlt l.hi!-' volt:tgc. . _ . ~.
C. Ren~j1aw: 1',,11'. Spr:q~t!c':-; prilll';p:rJ ;JOlllt l>l d,sagreel11cnt,

jf [ u~<.~~'sLancl him r1·!.lJl1y is thal:ny ~il1l~lc was som.cwhat
ovcrdrawn ,,"hcn I as.::::·:.cd that it. ',"::S pr:lc:tic~1Jy n u11l\"cr:-;:1J. , • . 1
bciicL ten vcars ago, S;:at GOO vo1t~, \'.':tS tne m<~x,ml;11l. c -c,
r:~il\",'rtV J)ot~",ra\, ~inec' eyen at th:tt Lmc )Je had l~rc:cll.eted
some of t.be things WI, >il have nO\\' CCl"(; to j):t!'s. 1\5!cte j :',,)'TI

this minor point, ho\;,·\'I.;1', I judge h,'tll his remarks U::: t· he
agi'ecs substantiaJly ';.::. '\ the ·ide,:1.s1 have (!x~1resscd..

Mr. Davis ')(~ints ou',. !~hot. with a g::,'~n tr:1.111 umt the prob­
lem of distribtttion is ~.l:.~'ni)!;,f\ed as thcilli',nuC'r of ::·','·~(s incrcnse.
A cert~.i\l minimum si:··.;; of trolley wire :i1U:-;t bc used OVl'r cach
trac~( fOl' mecha.nical :'trength and wi:h two or tl~rec or f?m
tracks, the combinecl c''')l1d1.1cLivit~, oC ~:lte ~'c\'cr~t\ trolley W11'\:S

~'1\dof the yariOuR rail.-; in paraEcl n·::,~e:>~it"tcs :L k~~ :l:n.o:mt
of aux i1i:tn' keder tha', it OlJ Iy :1 ~i I'~;" ~mck \\'l're (,'/cet.nhecl.
Stated in a.nother way, r,ilh ;, iJ:<c:d ;11';'.)til1t of an;.;:;ii:ll"Y fl' cc1.cr ,
thc grcnlcl" tl~l' m\lJ~1)I:~' or ~raci,:; t.b~. it.)\\'er .the \'ollage winch
cr-,TJ. hc uscd \nt.h n glV;'~; economy 01 G!<,,-::·,but;op;.

While it tT~ight bc i.·,,:',:rred \rom :\'['.. Ibns s rcm:1rks that
in vicw of thcse f:td~, :'(' wOltid ac1.\·C!,;:::·~ sdccLin~ thc vl)ltagc
[or :1.ny given G1ectri:;";~~.ioit aCl'onli,";. (n sl'C'h ('i~'C::1111sia:H'Cs

and. thus p'~rhaps us:r'::< l200 volts In. (l!le ~'ast:, !;j(}O vults Il\

the next, 2..~nO \'olls ;:J ;1. l~hi\'d. :mon \·'l~t~ 111 a !o!il'lh, ~tc~:, [
believe that he mcrely ·.·:ishcd to call aL,:'ntion Lo the pnncJplc
rathcr Lhan to :1.c]\'('calc '~u('h a mll!tipli,': "~. o[ \'o'"tgc's [or L!Ltil'c
heavy dectrifkaliol1s,

.i\:r;,. D;1.\'is f,tatcs :':1:~~). tl1at since :;j:.>;,r):·_~':(·lwr:llpr ~els .alld
s\''.1('~n)no;lSconvencr,: l': ,'C nsnally (k··.;~~:'~~d t.:l ~la:ld thrce tunc's
n"ormal 10:'..0 for ~h(;:'~ ~~,'··:()c1.s, thcre \Vi'· be 110 say: !jg in lhc. lo:.;L!
amount of subst:l';,ion' :~)paratus by ill~::',;asing '"~lC lo:.lcl I.acter
bC'-01ld 33 pcr ccnt. Ti:lis am..Jysis, ho,,·,:·:::\'cr, o\'erlooks thc ,ft-,et
tj':'i ·"e machi'" . '\"l';,..J· 11a.\."\' ;".·.:.,1 dc~"";:':d to ~t:'.nd tln'cc bmes
n~~;r:~i ioad h;~~' bc~~~';~~ac1c in th~s w:;~, to suit ';,he lo2.c1s which
the)' must carry <~11(1. ~,~t b~cnuse S~7:1 ,.-~::::;gns :..:i--.: ':~le ~nost
desirabl~ or the leas~ ",;;,pe"s\,,'e j;lac.iy·. :.C·'··. , •

T'in'llly, Mr. Dayis ", '":';'; :"2t as ,'\ ; .. ~'2 ~hc e~'''t of. tnc :'-'co­
ffi0tives for ~c;~Y ?.>::.:n ,-.l·~ctrln('.ation \', ::Dprm::mate o::c:·· ··~;.:'d

..
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of the to t ,,-1 cost and thD.t it therc i~ a. materi:!l increase in the
cost per locomotive for a hi~~(;r voltage as compared with a
lowe, one. LlIis increasc m:f.:i;t T)rOVe the dctermif'i~-,::.: bctOL
This f<tct is so o1)\'io\1;.;l1' tnll) tr:",t r thOll!-'::1t it unnccess:::ry to
mention it, The cost of ~quipments for l~OO volts, however,
is but little n1(lre than that of sirrj!;-,r ones for GOO volts. Pre­
~;:;!l1ablv, aiso, tlJL: cost of locomotives [or :)000 volts has not
proved ',nakri:ll1y .i~reatcr than that of equivalent o::cs for 2400
volts. It seem~ ])w;Jab1e from t" ·:-cfu.l estim~V;s that in view
of the improvcd types of eonstntCt.ion that arc ::,.vo.ibbJc, loco­
motives for :'jOOO volts e:tn be built so as to cost bt:t Ettle more
than if made lor :300() volts, lllHl all of the st<ltt'mC:lts in the
p:tper \\'ith regard to the \,se of 5000 \'olts have been based upon
this idea.

Mr. Pottcr a)!;rces that my C01m1K~:.ts 011 tilC t\nfortuna~e

circunls::anccs that han: l"i'lt'J1 ,IS c\cctrific::"tions at lioNI 2400
and :,()I):) volts :LIT in L1"~ m~i:1 wcll taken, ~,-nd this hroad­
lI1illdn' i ,osition O!l (.lw p:trt or a milll (.If :\'11-. llol.Lcr's :tlJiliLy ant!
att:liilI1Wllt.S i~; t.he 1110Sl. hoperlll Si.t:::ll in lil\.' cntire disctlssioll,
vVi:.h lhi~: i''':''; :ll'pr("ciatcll, ,'\"':'YOIW ll~lIsL slIrely SC,1 Lite dcsir­
;t1>i'il.~· i:! Li,;lre u,' ;!\·(l:din.1!: ~i!l1j;:!,' i\lll!tipli\::Ll!oJlS or \"Ol~:I~CS

a:; far liS !)o:.;siIJk', :1:)(1 as iL v,as lo puinl ~,ul lhis [,ld i ';:ll the
}.lapel' \·::\S prilll:lri~y \\'riLten. l fed dcci(1cdly CIl("our:::<,:d by
this st;ILCIlI\:nL from Mr. Poltcr. .

.:\1 r. Potter Stl)~gcsLs a ch:'.nge in the last SCIl tence of the paper
where I said that i,' ;;mJO-volt apparatus were "commercially
aV;"I!lablc" such ;"In(~ sue:l would bt: t.lle case. He SU(~csts tj:I.'
\\"ords "commcrcia\1 \. cconomic," instead or ("on ,n('H:i:ti1 V ;LV;'.;;­

:lble. S,eC> a eh:lll~c. !1()\\'(:ver, \\"Qll1<1 n()~ ::> :tn\, wn~1 affect
the llw:m!J1;: which' iintcnded I-.)~c selll.':'H'C to C01~V(,:\:, [01" to
my ;1lim1. ~ilC Hpparatu~ whi(';1 is ouL of lille in C(·"t, is n.oL
cO:1ll11cr('i:t1iv :t.\"ailahk.

Another jlVJ'tiol\ uf 2\<11'. P(ltter'~ :'cli1ar1-:s wh1ch appealed
J1~lrticubrlr tr) me was that in J'('g~trd to Ih(' ('olll't'tion of C\lrrcnt.
i\flcr sayil\g th"L I.hi~ h::r1 s,'(~:ncd to 1>l' ;"I ~.:reat !JI"!':)!c111 :l!ld

Lh:tL SO~l1C ycar~ uf ~1.t1r1v hao been ~ivc~ll loit. 11(; aeLl" "The
SI)\U tion \\":'\, lOll \1l i to -bc rather s; mpkr t!1;w :tn t.i('i om t,'c1."
Thi!' Sl.'ntt'll\;l: appt'akd tr, me hecaus(' r h'r.,v(' 1:11:1.(. ~(·~ne (lay
I will h;we t.he p1c:l~\IrC~ ',f hl~::ring ;\,1 r. Potter. :\!Hl S'''''·~· or the
ol:hcr ~ci1tlcn1('n who havc ('i,mmcntt'c1 upon the par""1". lise
these same:: word, j~1 1'cg:.,r<1 La thc e111])!C).V111Ci'(. of apparatus.
for :)OOO-\'I.\lt direct current and the st;:tnda:-c1i;mtion of volta)!;e:.;
for heavy electric traeticm.

:'I'1L Towr.lcy agree~ t~J<tt a potential of 3000 volts is not high
enoll;;1'1 to huld the fidei. of !~cnvy e~(;etrie trndio,,: but he is not
sure that even 5000 vOils will do this. I-Ie anno Ll11CeS , also,
that hc is 8.g2;~st st:ln<:hnlization, s·2cm'ngly because he helieves
s~andardiz:ltir::l telH1S ~(: :':~cottra~(: :ldV;\..11(,V'· ;n tJ::.e 2l"t.

With rc~~~':r'! to tr.e ::':.:-'.. ·>:·:t it ~;'.'. :'.'''. to lne that ~;;.ct the op­
posite is truc. N othing c~.~~ds to e1:e0".1r<'_5'e the :>:;vciojJment of

an inc1tlstn' so much as :t c':,,: ~. f}e~'ln;~,lenel' ~,' ·'.l ~encr<ll' intl'l"­
change3bil~ty of the appnr:11 "., l')1- (·:.lfrying i .. 0,\, :mcl.no ,c!~~~;
of app<"y;).ttlS ca.n be ("(':lIly ,ic:':c!op,,,l 011 :, <:':1?,11ei'ci:t1 ";,S'"

unless its \lS(' for;). rc.';t",;l!.I' oIt·. l:ernl of y'.':":' IS as,;,·.·\'c1.
believe therefore tbat il .,"'.'1'\" i:.'t' much n~'.':·:· ellc'Xor,1;....;,lg to
tl<c art of bc-:\\'y ('lr:-l'I.:rit~ 1''';\1", ,:;(!-iIY.;· if. insl.(:,\·; oi t'111p1o~!in~: a
little higher v0JL;;i~'-' jll e;)ch. :;:"·'.:CSSI\·'~C:l:;C. W: <.'·e d-,·. apparatus
is used, SO,l1(-: dcliJliLl: vlllV,:':,·, ::uilicicnUy.hh:::: ,'J m':('t :tll reasol1­
able requ;n:lIlc.nl.s. \\'~1:: :. 'J'(.: :' ." n.:co!.~I1I/.cd :'", h(::,:,~~: ,;Lanrbn1.

ReplY'i,,~~ (() J\f r. (k: I "iT,::' : <.'.'. ( 1lad noi. . :l~·ILH ..~lCr1 sr.(1'·;t:~l·

baUcricf. in ('olll\ect.ioll v.. iU, 11;!~h-v(lli:a;~c d..,:. r<,a'.1s. SIII('(' :IS
far ~s I l<lloW it ha~·. never a~; \,::\. hce.:n 11(:ce""~<:':·" 1.U cO:i~i.dcr t~1\.':r
usc sCTiousiy on such roaJ:; il~ _~".ncri(,:l. 1 ~;t:: no r<:;:,son. ho\\"­
ever, why hattc'>s could 11.0; !k arranged. f,':' .'j()()()-vo1t direct
c~rreJ1t if this .."as tleccs~:tn'.

i\:fr. \\'00(1 h:tS !TI;"Idc a. ~o(l,l \'''ll1l i>y 111,.li(';I·il1~ th:tl ~l is !lllL

so milch l.he cos/. "I' c1ccLric;l! 'ljlp:lr;lLils ,I:' ;1:, :"('1'1/' \\ 111(')1 I'llil-
. ct'rl1s th,~ r:lilroad man. sil1(\· l.i1(' ,·n;;( of 1.11\' ('!l:c,u'i\':d j,:trl or

:.;1(' ~:y:-~i.C!1l i!';1 ('O:;11':lr:t1;n'\\' ~:,:l:dl P:l:·l.llr Ill<' :,\\.:11. "'1.'11(" r;.!i1­
rCllld'l11all", ht: says, "\\":1111., '''''~l;-lhill!~ \", 1:;.1\ hv ;'lIl"(· l~; !;<l:.II~:

to operate cl)l1Li:l':-'neSI)' ;1;:<1 !"'I:::!)ly :tIld ell:!.[ i:.; \.1", ('llel In \\.1:\(',)

all eJTp~'I_, at star;d<~rJi;l,;tl.ioll ;:I;oll!\! : '~: el;a:,'\, :." .
JL is ubvi()w; thai.. i( the :.:!-:::; qr lite 'J~Ir;u,,;:" i.\"::i!::hk d\"si~~I;ns

C,111 b:.: c;onst<iaLlv applicd tu 'l,rk,:L:ng ! 1:,,; ci.·'.. :lds Ill' :tny gin'il
appawlus, r;ttbc-r t1m11 to c!l::l1l6ng its ftll1c.\.:":~\·l1!.a~ ch:\r<Ieki:,
ti:,:. results :\'11'. \~':()oc.l is looki·li.: :01' ;),1'<: m<,re 1i::.:1\' to 0(' !'(,(,\IITII.
If the railroau man, aba, is ~J;j'('red somcth::,::: tilat i~ ;ll ..e:t~ly
ill lise he ca!l1>(-~ lTIueh more (;.>',:::n ~)( the r\.'s,:~:,~ lle \\'1\1 ()!)t~~ll1.

r believe M1'. ,VO()c1':", rem;,.;-;;:·; L!)~l'('fl):"'.' :,1"<; ::t.:·(lIl;.:ly in r".,:,or
or the policy ~ 11 3.ve been ;1(1,:,.\ ~t~jl\g:, or "iH,(\::i:::.~ lh\~ r:~:ht tl~\'.,~,,;
for any r;iven (';::-.:-:s of work <!s ~ill!ckly as po.';~d:\: ;:.nu thcn sL\CK­
ing to it. . .

']\,11'. Panncl1, in ac1vocatil:~: ~.ilC lise o( l1W\()1".- \\"0'..1'\(1 lllrecLl~:
fur 1200 v(':'.s r:tUHT \"\1:\;\ ,\~ t ·...·n (i()()-\'C'1l; I.::".r\\,s \11 ,,"-I·\(·S". I!l
ease:.; where the.: car,; arc !lol i".~'!'.i;i·cci Lo 1"1111 ::1. rliii :':'ll(~(.'·d Clil (jl)()

\'oll:!' over p:\rt of nt,'ir 1"lJul\-. lJ,lS ovc'r!o(l!;"d on\.' \llli~()l"l·:II\t
fact. ,Vhcrc a maJ1nfa.c(,... :i\lllc1s l~",tO!"S :0:' ~,!)er:\llng" ,~11

GUO \,1)1(,:', ;IS well :IS fo\' l~'i;' ".,;L:-:, :1 \.'nll,;:!i\"·,,i :'.' il\v\,,..L!,~,.. nl. J!1
c1r:t\\"t!i:~:-:. patterns, tools, c'~·<; .• c!n l>e savec: \:.)' llll: "~t'. or lh~~
S~lnl(' ll.<::·on; w::.h millor ('h::I~l':('S rnr 111t' tw" \·()\I:l~~l·!;. \\ls\.(·an
of radically c1ilTercnt (lC<:1~:\1<;. J \l ;~rgtlinc; "~a~ J :jDO H,1LS IS
ahOtlt t.he m:l.xitnulD potci<:;l '.\'hith (';"In 1w :1',,:,1Ic::1 to a r:,!b..\':;y
motor commutator in ser\'in~ :1~1c1 that to n:io·.." l1\~t mon; t,:aa
hyo motors in series h~ \\"0,,1r\ Li".t:~'cforc set t~-,; maXl~iH1ln trol:,;:",'
potentia! ",1., 30(JU vailS, he ba..' ::tpparen!.ly f~h·i~·')t'.c.:l\ th~ ,,\rJ"_c ..,.,('
armature notor \yhich Mr. ';:Io,er described ailcl whlcn \':~t;1
1:,1)0. vo1:.~ :J~~' com'l:ut:ttor :::t.l two ~I'()tor!' -> sorit'~:"w()\:lc1 pcr­
mi:;: a tr0~~C:~.· \"',»:.:">.l'"8 of C008

','- "'-'~a-r l·!l·'··:·.. ·,~ ".,--, ''.-., cart;ct,1n.r \T,'t;,llTC of .sono \':~S;':".1. . .J/.(AoC "i~'':''_':> " .. ' ."~'.'" .• I ••~..... ..,

chosen, si'lce it is Lot ,l :' ,,':.:t :11Ul:il"-,ic of l.il,,), 1200. or };>UO.
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Tn tllldl'l'l.:~l;ing to pror]ncc doc, n.pparatus for a VOlt;1<TC hi<rh
J L

' ',<]. <'> .-'
l'I101lg \ n Ill' ~tUI~l!) e :lS ,n sLnHI:::':: fClr a rC:l~OIl~lLJ]C period of
YC:lrs. II'C stnrtl'c1 Lo <1cslgn .... '.\1" npparatns for ..~S()() ·,',,:ts. or
~l,(l\.ll)lt' t.hc \'a\1\t~ ()~ ~·i()() V(~It.S, thC',~ [·.he maximum COlJtcl11pla't('c:.
,.L!m; ~.:<; la(.er r~l.l~cc1 to .'iOOO, ]W\\,CVCT, sim:c. it had a morc
~n!l!ns SOtlt¥tJ;h;..n 4SffiL- 1\.$ a mnttcr 0 act Ot,r cxpen'­

mental Ime ha,s Ilcen opcrated a.t a.]-J01tt-4O{O(J :volts and the ap­
rar::[.lls waS trlcd r,n the test track \I'ith yoltagcs up to 7000,

r :lllJ not p:!!':.~cnlarly cOllccr:ll'c; with the cx:'..ct 'v'~dnc of the
volLlgC chosc:" \I'hether this uc called 4800 ;:lOUO ,j'iOO or u"(JOO, 1 1 ' ) t J ,

~II1Cl' )y t 1e tern: "GOOD volb-," in tl~(' ]Japc~·. T have intcm'kd b,)

lllchllk anything in this r:tJl~:(,. nlC t1ll1lbmeEtal noint wilieh
r h[).\.'.' !)CCll ti'yin~~ to mQke, is that S011/e voJt:1~e in tl'lC nr.:-ighbor­
hood of [j000 should ue ~c·ncr:.lliv rccognizcd as a st~l';da.rd for
Iv~;'1.vy cl~ctric tmction so that 'd-c, clect;:ifications can bc iu­
st:'l~Jcd \~·\th.some degree of uniformity, instead of on a basis
wluch \\'111 g1ve each one a vcltagc j'.lSt eno:tgh hii::hcr than its
predccessor to. be, diiTarcnt withon;; being sufficiently high to
,)e adhered to 111 tne ncxt case, .

!'vIr, Schwartz is apparently possessed bv the samc fear which
:-[r. To'.\'u1c:y has exp:'~ssed, that st3:,dar<L::~;;~cmtends to limit
progr,css. I ?cli~ve I he'. ve covcred his yo:nts sufiicicaLiy i1~
reply;ng to j\ilr. 1 ownlcy's remarks.

In rcfc~r~ng ~ the dise1;tssion ;:>resentcd by Mr. Armstrong
the first tmng ~o be done lS to free oneself from. the confusion
;;catcd r~y his 'way of grouping 2400 and 3000 volts together as
\.rwugh tJ~cy were one and the S2me, iml.cad o[ bcing: di[j'cn~llt

systems, ~~ ,1Dcicntiy far apart to be entirely clistinc:t ;IllU vel so
clo~e together that, as emphasi7.cc1 by Mr~ Pot:·:,-, it is llllfcr­
tunatct',at wc hnve l~?th o~ tbcm. l\lking up his questioll,
then, ;:s to \vhat h<ts cl;;rlrcc!tted these two svste11~~; for hea\'v
<;:lcctric .traction, [wouicl ." Iv that as far' as tho 2·100-voit

.sy,;tcm 1S concerned, ,,11'. i\_1:rn-,-;b:~J:!'inJsdr <liscrec11t.cc 1tfj hr
rIi1'TiTCSSl.' . I:t .Q..I1.l1.llL1J, Il1 favor of-:.3O"O(J volts when -~c m.;t
real railroad was pres-cnted to 11im for clcctn leri '101 ,

As to the .iOO()-Vt)J{ 5ystel11, not.hin~ h~~s as vet l~el'cclitct1"
. it: The St. Paul 91~s..trification at :::'000 volts is a :m;~:nificent
~~~)rk.J5t'i1.so, IS tJicNl':'.I' Yer~~ C<:ntral clcctriJicaLioll at

1,1 .Ci, rim thcl e IS no 1n(),'e rc'[\f:Oi~ to Sl! ppose no\\' th:~t the
fonner 1'C)llTC:l·l1!.s tht~ m:lgie lim;\. <li volt.;,;~,,; in,' :~,i,li:n\1111 coc:t
Ulan thcrc II'as ~\ k·'v YC:lrs ago to suppoc:c Vc <;.\;11C thin:,:: about
t~lC Ncw York Cl'nt.~·~.1.. r llc~ie\'e, ,i~ ... {act.. that if :\-11'. Spr:1.~':c

\lou1d llunt up U'1C IJlbhograplly w1th even a small part or thc
aSf'ic1uity hc h1.s t;scd in prcf':lrin~~ his discus,ion. he could show
tha~ .'-',·;iy a few years ~:. : "::. Annstror:.g- himself was ius,>; as
pos1t1:'e that, the 6:jO-volt sy:;t(',TI Wo.s thc ody riCtional \vav to
elect.;,"1,fy ~t rmlroad, as he no\': ~,~. :':;lat thc"e is ,-,0 possible reason
for US:"''1g m::lre than 3000 :.-;)lts, I have great hopes. therefore
1-h"· ". 1\ t .. , . '" ' . ,

v ,ee _\'11. .t\rrns rO;:1g -.",.' i..:ecp on ro.1S1:".'~ :';,~ \'cltaf:::C: 2.nd t]l'O" if
lYe p:ive ~~im ~~::I!cj·,'" .1nlC, it ""ill sooner cr later reach SOUU.
I w~jl her:cc: \.Y::.l~te no effort in trying to convince him now.

Whilc it if; tl'1lC that t\." ": "'~':lti()n (.If "I!!' ,1()n- h. p, (':11' rpr :);':i.()(\(~
rn;)('c. constitu(es the' fa;·.·,', "11':1;':;',';::1 (':\',~:' :':1]('(' ,,\·i:h ,jO()lI-\,o;t
tlirl'c::' n,r:Tnt, thi:.:. j:; :: :,~I:I'II ;.'.n':!~l'r 1':\: : !We 111:::1 \I':IS :l\'::il­
nbk \\'11\'11 1.llt'. r·",.t I.in,' I':;" :'.liit. to ()j)(':': ." :IL a y,)];.;I~.:' ,: I~()O
in"l,::~d ,~f (j()(), r,r 1\·1",,: :h, l'lrc:l. (']('('[.l'i·;.·;·!i<111 \\':!" \,III;~'!-!;lk('l1

tlsil1).:; ~·lOO volLs ill:·.[.( .. ~(! ,,; l:lnO, I<'nll" :~:.> S!:IIl\\Jloilll.-, t1:I'l't·­
forc. 1he lI1:IUcr :';C('J)1:; j:, "1:' . "~~:'hl~r ;::ood :.:~ap('.

t, J t. 1I':!.y St'l'1l I ;Ii.l ;·:.If," i "".", ~;:. \.:) ),1 r, :\ ";'ls!.rOll);, "Co ,;111':1 \'c:
eOllsic!l:T Lh~' l1:;C r;f ~;Li!1 ',:. ],IT \,,')1:;:~:('~:" : ·::1 [.1) 110(' it. (l('Ci'kd'i~'
docs Ilol :';l'CI" ::c:,;·:\f.:I.. ;',T ;.1"\ it. i:- i,l [he' ,<'.d'l. t.11 S:'l. utlwr,.; : hi::k­
illl; of tile ol)','i()l.I:' (l~;-;;,tl·",i'~1.:W'.' of Slid; :: "rl)(,l'dltrc th~lt all of
.111\' t'lI<.'rl.:,ics 11;.II-l: heell :·,:ctcd. Jll i;'" ;'l'l'i"d rdl'rn':\ III ill
the bc;.:il~ningoj Lhe p:'j'l';', \,lH) '·'.IIt.s \\':l~, ~.;:,: ('c:t:thli~h('cl ,,(:111<1:\1'(1
for c!l:dric r;lil\'::l\'~, :'0 ~il:ll ":1I1 I·il','··:" r::illl';ll'" 111~':1~11. :1

(jOO-volt t~-C, electric raiJ,.'::Cy, This p~:r~i~lt1nr sta;)(!'lrJi%atiun
on GOO-volt direct cnrrcl-':, I~'as not IJI'O:1:::':. auotlt hy actlolL ot
tl1C' A, 1. E, E., or am' <ii;":),;r ]x)(h, :JUC. ::'1' ~cnc:r:Li rceo;::nition
of the merits of the 'c:tCi": b\' mC1.r;af'Le·,',,'·~;rs· alltl USCTS o[ the
appar.:ttus, It \Ii.:ts ne\'c;'LlJ('!e,;s vcry c'; -:c':ivc, \Vhcn it wetS
proposed to build Ol' cq-c: :: n ~:i\-'Cll iinc Joe ~ hose' CtlYS th.,-'.) ';I<\S
no question a.s to volca.';~, 0:' systcm, to c'.):1£t,SC the lllrcin is,-~;c
1/ \\'hcther the \'.:or1~ sh: ':<.1 ur should 11\', hc nnc\crt:\kCll, al1d

it was c1uriJ1<; this perioc~ •:-,t most of ou;- \)rc~cnt city (l.ncJ inLe~-

urann rail\\'<:l.Ys were b-uii': .
To esta.bEih the same ~",nc1itiol1s in tbe (l<;1d o{ heavy tr2..ctio:'l

at this time, is of e'J"". i" ''''-. a mUCll ;]1'Y',_' ,.~.il'I;CL11t· mattei'. but
there is no question tJ; "he Qdv:tnt<t;.o:c ~;(l all cr)llcernc.u \\'oulc1
iJe eq ...·,nlly grc:l.t coulcl ,i" I)C done. It:, '/lL my ide:l th:c(: ~\:('h
a standardization conld 1 ":) brought abUtli: by a"y rcscl!,;',:IJIl or
rccommenda.tion of the h,';titll:C, :tnd in sl·:,:·gcsti!1:.~ ~hc :'..<:option
of a standard I had no S;.l(':1 action in n~i:l\;. ff standardization
comes, it mt1st be :.'Y n ;.'.·~'l1cral cnnsens,.l<; of opinion, as in thc
CQse of (lOO volts. and 111\' real object h;,~ Ill'cn (.Il start S,\l,;!l an
idea., . . .

lI10st of the spcakcl;s \':'10 took part. ;:. : i~'~ disc\lssion seem
to have allO\\'cd themsc+:(':, to hc mislC'f1 j,-,' thc dif;ieult\' ():' lile
problem. Not secin~ <:i~Y wny to iJril~''': :,',>Jc:t such a st~l1lc\anJ.­
i;l,ation of \'olt:lgc jtn:l~c\"i:~rcl~', they il:,":,' ::C'lt ftlrCcd tu c:pe:lk
against the necessity 0;' 'c!':C clcsir;:bilit~, II:' ~t, 1'\0 grcat \,,"(Irk
is evc,- a ceorn p1isilC'c1, }l0" ..,'C\'C'I·, \\'itilOllL ;1 :.~r(,;lt (i('al of Lh()~I~:llt
and plannin~: and c1rc;;;:1i:l).:; lU!lg in ;u;":::.cc or Llll' rc~\li/.:ILi\lll,
Hnd if I .r1i1.vc succeederl i:j ,;;Larting ~OI~le 'If ::iIi::; lil<!\lghL or plan­
ning or dreaming, lwill ]>':~ Uw.t the.: ('irst <cps l!:Wl: beea l.~;kl~;l,


	HighVoltageDCRailwayPractice_Page_01
	HighVoltageDCRailwayPractice_Page_02
	HighVoltageDCRailwayPractice_Page_03
	HighVoltageDCRailwayPractice_Page_04
	HighVoltageDCRailwayPractice_Page_05
	HighVoltageDCRailwayPractice_Page_06
	HighVoltageDCRailwayPractice_Page_07
	HighVoltageDCRailwayPractice_Page_08
	HighVoltageDCRailwayPractice_Page_09
	HighVoltageDCRailwayPractice_Page_10
	HighVoltageDCRailwayPractice_Page_11
	HighVoltageDCRailwayPractice_Page_12
	HighVoltageDCRailwayPractice_Page_13
	HighVoltageDCRailwayPractice_Page_14
	HighVoltageDCRailwayPractice_Page_15
	HighVoltageDCRailwayPractice_Page_16
	HighVoltageDCRailwayPractice_Page_17
	HighVoltageDCRailwayPractice_Page_18
	HighVoltageDCRailwayPractice_Page_19

