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HIGH-YOLTAGE 1)-C, RAILWAY PRACTISE
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During the past 10 years, e operation of cicetric railways at
d-c. voltages of 1200 and 1509 tas become cornmon ansd higher
voltages have been shown 30 be practicable.  The paper deals
first with the fundamental differences in .1p'>a atus for 1200 or
1500 volts as compared 710 the former 60U-<'t standards and

nlicates the apparent ton iney of genexm ctise with rccard
to a number of alternative cunstructions which must usually b
considercd in each specific apnlication of these systems.

Referring then to the e of higher d-¢. velwrages which i< | si
beq:rnmg, it points out the ucndbncy to h an aliims:
maximum by employing 2 inu 'tmhmty of w res differing Hut
shehtly from each other, surhia« 2400, 3000, %nuO 4200, cte. for
successive instailations. 1t rccommends, in order to avoid

heconfusion which must surely result {rom , that efioris be
made to establishi at onece a singie standard for high-voitage
lines.

e papershows that final standards in voltan nve usanlly fixed
by broad cconomic considerations rather Lhas E).\-phy...vzzllimi!.".-
tiens and suggests vhal 5000 volts direet cnrrent woukl offer o
very satisfactory voltage for such a ssandard it commercial ap-
paratus for this vollage swere avatlable.  Fiually, 5 touches
briefly upon the O])\,I‘LU( Fthe experimenial H5000-voil line
at Juckson, Michigan, w has been 50 goccessiul as to pive
greab iope that the kystom i be commercinlly developad.

EN YEARS ago. the iieca that approxumately 600 volts
was the maximum poseuiial to be hoped for 1a the opera-
tion of d-c. railways was altmoest as firmly established as was ¢he
belief in the days of Coiumbus that the earvh was flat. On a
few roads, it is true, 650 or cven 700 volts was carried at the
station and in an occasiona! rare instance. vhe use of « hooster
gave a maximum of 800 or 900 volts. ) i the feeders,
however, uswally reduced these values considerably helore they
reached the car, so that thesc instances renescnted merciv the
generation of d-c. power al voltages above the sominal 600
rather than its utilization by the car motors.

Then suddenly the plan was suggested of coupling the four
600-volt motors ordinarily «nloved on interurban cars in pairs
of two in series instead of two in parallel, «nl of connecting the
generators in the stations i & similar manner, so as to employ
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1200 instead of GOO volts. . Twe railways theu under construction
were willing to try the scheme, and allhough there were some
Mmisgivings as to whether it would work or not, it did. The
enlire railway industry as a result has been given a lesson in
open-mindedness which 1t should not soon forget and the use of
d-c. voltages of from 1200 to 1500 for the operation of interurban
railways has become so common that today we are able to dis-
cuss details of high-voltage d-¢. practise.

Motrors
Limiting oursclves for the time being to voltages of 1200 and
1500 in discussing the matter. the first element to Le considered
of a high-voltage car or locomotive equipment is of course the
motor.  As far as voltage belween terminals is concerned, the
requircnients  for motors Lo operate bwo in seris on o such
voltages  differ from those Tor low-voltage service only in

tae et that slipmiey of the wheels Lo which ene of the two
motors in serics is connected may uterfere with the normal
vollage distribution between them, aud concentrate a large part
of the total voltage at the terminals of one muachine.  Iear of
this contingency at first led to the design of motors for high-
voltage service with a much larger mwunber of commutator bars

_than for corresponding (00-volt service. More extended cxperi-

ence, however, showed that such precautions were unnccessaty.

Insulation and creeping distances on motors for high-voltage
service must of course he made suitable for the full potential.
This was accomplished at first by *“ main strength and awkward-
ness,’” as-dt were, and t& imitation: hnposed by the extra insula-
tion, extra creeping distances and extra commutator bars ordi-
rarily carricd with them a considerable sacrifice in capacity wlhen
a given motor was wound for operating two in scricson 1200
volts instead of two in parallel on 600, As in the matter of
commutator bars, however, wider czperience graduidly  over-
came this dificulty. The extra inswlation required for 1200-
volt operation is now obtained by the use of hetler quality rather
than greater quantity of material, and the extra distances by
improved shaping and arrangement of parts.  Generally speak-
iag. therefore, moters are produced today for use in series on
1200 or 1500 volts with the same dimensions and weights as if
made for use on only GO0 or 759 volts.

In referring to motors above. 1 have spoken as if the coupling
of two 600- or 750-volt motors in series was the ouly arrange-
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“hang’ which the high-ve:
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ment cver cmployed for wiilizing 1200 or 1H00 volts.  There
Have beein, however, one oo Lwo ostaners where motors i
been wound direetly Tur the full Te potendial. Spuaiing
general’y, such motors e heavie sad depart more rachicaily

o

from standird low-voitag: desizns than wtors for operating
two in serics, and worcoves they do not e themsclves as well
to the operatiow ol the s partly on 662 and partly on 1200
volts, which is so often regrived. Ingenein’ Lherefore, they seem
L0 olfer na particuli advantages amd o bence but hitvle em-
ploved.

High-veltage d-c. raibwiny practise, thererare, in the matter of
motors mav be said Lo casist in the use of two machines in
Series, thc.:'.c being identical in consleuciion with standard
motors for low-voltage sevvice excent in the comparatively minor
details of quality ol i

ion and lenglh of creepiny distinees.

FONTROL
In control apparalus for high-voltoge d-c richway o eatip-
ments, the Tundamental reguirements are Lo provide seflicient
circuit-opening capacity e overcome the greater wendeuney to
age ares possess, tozether with the

necessary means to confir : vhese ares within proper bounds.

The first result was securcd in the early Ligh-voltage apparatus
by using two 600-volt sviiches in scrics it practically every
circuit-opening point, and the second by liberal incrcases in the
insalation and space surrouuding all live parts.  Thus our first
1200- and 1500-volt car cau’vments employed 13 pneumaticaily-
operated switches, where with the same currcnt at 600 volts
cight would have been -suif The yvroups in which these
switches were assembled. also, were approxiuately 24 b (60.9
em.) wide and 24 in. deep us compared with 18 in. (45.7 om.)
wide and 22 in. (55.8 an.: deep for the cortesponding GO0-v it
apparatus.

As with the motors. however, greater experience led Lo a
reduction of these differences in the fuadamental parts. Some
of the extra switches in the first cquipments came into play
only whei the controfler was * bucked ol from parallel
ser{es, and by improvements in interlockir ; the work of epening
the circuit at.this time wios wansferred to wiother point so that
these extra- switches contiit be omitied.  ..nother switch had
been eniloved beeause it was feared that Lise igh-voltage motors
might rcquire more carefti handling and :ence ore resistance
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notehes than standacd 600-volt motors. Tt was Tound later
that sueh was not Lhe case and this switeh also was omifled
I future cquipments, [0 these wavs, in the types of equipment
maesk generally employed, the additional switehes necessary oil
account of Lhe incereased voltage have now Heen cul dowsit Lo bwo
for sl equipments or three for large ones. In «fimensions
abs-o b has Do nossible to werk cut desims for F200-volt
switeh groups with the same cross-sectional arca and the same
weight per switch as those for 600 volts.

Aunxiliary Control Devices. The intvoduction of the new
clement  of operating al doubic voltage has greatly increased

the number of possible combinations and altcrnatives which

must be cousidered in any given case in order that t-hey may
be adopted or rejected.

In the first equipments for use on 1200 volts, it was con-
sidered undesirable to attempt to employ this voltage for the
auxthiary circuits such as lights. control, air enmpressor, etc.,
and so & dynamotor was included as a part of tlie equipment to
provide a supply of 600-volt current for such purposes. To

reduce the capacity required of the dynamotor, the air-com-

pressor motor was noxi wound for operating at {ul! line potentini,
so that only the Hehling and control cireuils need be supplicd
al 600 volts.  Toven on this bhasts, the presence of the dynumotor
in addition to the air compressor scemed unuecessarily hurden-
some, so Lthat the next step was to combine the two machines
in acdvnamotor compressor.  In this device, the air compressor,
instead of being driven by a separate motor, as previously, is
connected to or disconnected from the dynamotor when re-
quired by a suitable clutch control'=t by the pressure governor.
In locomotives or other equipments where forced ventilation is
required, the operation s still further consolidated by mount-
mg the blower fan on the shaft of the dynamotor so that the
same machine in such cases scrves o triple purposce.  This
olfers considerabic advautage in simplifying equipments, and
the scheme of driving the compressor and providing 600-volt
current for the auxiliary circuits from the same machine has
become firmly cstablished in hizh-voltage practisc.

Where squipments are to be mounted on cars of small or
me -rate size, however, even this arrangement is somewhat
of a handicap in the matter of cost and simplicity. when com-
parison is made with the usual (00-voli equipment of the same
capacity, so thenext s{ep was to arrange the lighting and controi
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circnits for oneration Jdircctie from the oo \_'nltuf.f(‘. Vit

cleetropnenma it bvoperat ol confrol, (his was res v ol
(300 o 1500-voll cerrpments bave been

and on suelh o ba e
made practically as sinple clinble and eany o maintain as
those for operiiian on G000 s

As Lhe arl now sLasdd o e bwo geness @ arrangemients for
handling Lhe susaliney cireniis conahitnte oosdaal staoesined and

one of the firmt decisions ro he made in plasing any wiven
imstallation is Letween these fwo sehemes.,

Operation on Twwo Vaoltnnes, The most rolific souree of
vexatious problems is the sse ol cquipmeris part of the time
on low voltage and part of thie time ou high. As.far as t.he
main-circuit apparatus is concerned, any bigh-voltage equip-
ment will of course mun on half voltage with a corresponding
reduction in speed. In order that suck operation may be satis-
factory, however, special dronngements muss e made Lo care
for the auxiliary circuits.

Many interurban lines opuritte at Ligh s .la over their ewn
rights-of-way in the open ¢y but enter one or maere towns
over the tracks of local G00-volt systems. liiuh speed in the

.
city is not permissible in any case and sa approximately hall

ol the worr’ speed when run ning on 600 volls is sufliciert.
For cars operating wler sueh (11cun1\Lm1('\ il 1 common Lo
provide for reconneciing tise lighling and control cireuits €o
that these will receive full viid ,-\c when the car 1s 1 the Gu0-
volt scotion but so that the wmain motors will rema perma-
nently coupled in servies and thus operate at hall speed. .
Il a dvnamotor compressar is emplioved on cars which operate
in this way, the same changes which are necessary inoany cuase
to care for the ligliting and control circuits : uLomahulh cave
for the air compressor as woll, connecting “his for Tuit speed
on both voltages. In casus where appr. ately hail speed
on low voltage is sufficient 7o the main e oy, however, the
distances ave usualiy short <t hall speed of vhe aiv compressor
also is sullicient.  Where cruss whiclt operate n this way cmiploy
a high-voltage compressor ixstead of a dvnimotor compressor,
thercfore, = shange is ordinasily necessary i ils cireuits for
the low-voltage operation. :
" Since the motors on Ligh-voltage cars arc in gencral wound
for onlv 600 or 750 volts cac), the car can i tusivnd e arreond
to opefate at {uil speed on ol high aw’ lew voitage. \'\'iztsre
this is required, a main change-over swits” o3 emploved which
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conneets the motors of each pair either in scrics for high volt-
age or in paralic for low voltage. and which e¢nnncets the two
halves of ecach step of the main resistance in a corresponding
way. Sultable connections for air compressor, lights and con-
trol circuits can also be included in the same switch so that the
sctting of a =ingle picce of apparatus into one or the other of
two positions chanres the car at once for use on high voltage
or on lovw wvoltage. '

When the proper scheme of operation on the two veltagzes
has been decided. the next poiat to determine is the manncr in
which the change-over shouls! be effected.  The simplest method
in either ense of course is the use of & manually-operated switch
on each car. It is sometimes d051raole, however, to have thc
change-over switch lecated beneath the car and. arranged for
operafion from the piatform. In other cases, 1t is desirable to
have the swilehes arrangaed not only F(')l‘ distant confrol in this
wiayv but alsa for simultancous operation throughout o train
of cars.

To supplement the apparatus for changing connections Hn
cuipments so that they mav be operated on cither high or
low wvoltage, proleclive devices are sometimes desired to pre-
vent or mirimize the trouble which may eccur in case @ car is
subjected to high-voltage whuert ‘is change-over switch is ar-
ranged 1n the low-voltage position. Such devices ordinarily
consist of relays of some form which are so conrecred, when
the change-over switch is in the low-voltage positioa. #% thev
act quickly in case a voltage in cxcess of the normal is applied
to the car, and cut oﬂ the cireuits which ave likely to be damaged.

The choice between automatic and non-automatic acccleration
is not influenced particularlyv by the use of hiyh: voltages except
that such veltages are more often employed for interurban
lincs where non-antomatic acceleration s ovdimarily considered
preferable. The necessity for running on hoth GO0 and 1200

volls in many cases also wsually troduces certain complica-
LJ' ns in high-voitage cquipments and there 18 a tendencey to
adhere to nen-automatic control so that.the simplicity of this
will, as far as possible, offset the vavious complications which
must be retained.

The use of field control or non-field coutrol also is not par-
ticularly affected b the cmplovmcnﬁ of high voltages except
‘as influenced by e same gencral idca mentioned above witt
regard to the ChOlC(—) in the type of acceleration. I*or e sn"D
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vottage only or on bhoth hic dorecuired
perate on dew velowe ws wed as igh, wdl haldf speed be sid-
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; motors or will Tl soeed on
beoth voltages be nece=ary; maust the chanc-over switeh be

arvanged for bulirect (Ont'r' or witl manual operation be suf-

fictent: 1l mdireet control i8 ~equdred, ean i be confined Lo the
ividual ears ar will .‘:!H?H:.I‘!H("HI.\' operiatt s hroughout e
Lraiy be recuired; 8 a0 protective devies o wendinl Lo guned

aggartinat @ammage TS U v len bam ol Hiee e 5ol er

will Cthiz not he required 2 Other similar
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who control the local sibuation, so that it is difficuit to gener-

alizg wath any dovrey of gucuraes:.

Pean judge, how-

pyial, GREENE praciise seetes b B
directions.

Where the high-voltace cors st run over existing G00-valt
lincs to any counsiderable exient, the oxact ralic bebween 600
and 1200 volts offers sOm advantages.  Sinec high-voltage,
motors arc made {rom exisiive standavds also. tuere s a wider
range of choice for 1200-voie operation tharn there is for 1500
volts, especially where smoil sizes of mowors are vequived.
So far, 1500 volts has been used in seclicns where GOG-volt
Tines have been established only Lo o hmited exéent, that is,
in cowpparatively virgin teemitory, while 1200 volts has been
emploved 1n gections where fhere has already been considerable
G00-volt development. It wverss probabis that high-voltage
practise will continue to foliow these lines exeept in the case
of the electrification of brauch iines on steum railronds or
similar instanses where conneciions wich exisiing fines Wi have
little bearing.

Speaking broadly, the genrtral tendency s toward the w%c

f the dymamotor compressor on large expensive cars, particular

m the following
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where [ull speed 15 required on hall voltage, sinee this arrange-
mend lends el readily Lo such operation. Dynamotor ¢om-
pressors also are oavticnlarly suitable Tor locomotives where
forced ventilation i utitized,  [Por smaoller and less expensive
rolling stock, non-dvnamotor outfits are generally emploved,
although there is and always will be a certain amouns of over-
lapping.

In the older seetions of the country where distances of lour
or v miles must sometimes he run on city tracks, and where
througl cars over 6GO0-volt lines are likelv Lo be canjrioyved,
cquipments are usually required to opcrate at full speed on
half voltage. Equimments for operating at half speed under
these circumstances, however, offer considerable advantage in
weigzht, cost and gencral simplicity and will undoubtedly find
a considerable field where circumstances arc faverable to their
use.

Where large cars are arranged for full specd on both voltages,
the tendeney is toward the use of full speed for the air com-
pressor aiso.  On smaller cars where as a rule the compressor
Jus more margin, half spced of this device is ordinarily thought
sufficient cven where the main motors operate at {uil speed.

In the matter of change-over switches, the general tendency
1s to cmploy the simple manually-operated ivpe except where
cars are operated at close headwav or are constantly used in
trains.  In most cascs, also devices to protect again-<t the wrong
voltage arc not considered necessary. .

Iiguipmenis with Drum Control. [ have spoken in all of
the above with particular tefercnce to equipments using in-
direet or multiple unit types of control dind primarily with
reference to those using clectropneumatic control.  While high-
voltage equipments are occasionally used with drum-type con-
trollers, especially double cquipments with rheostatic control
where cars for city service are operated in small towns by in-
terurban companies, the number of these is too small to warrant
inclusion in any gencralization such as that with wiich we have
been dealing. o

' PoweERr Svrpry

Direct-current power for high-voltage lines was first obtained
by the use of two 600-volt generators, either engine- or motor-
driven, connected In scvizs. Since there was mo particular
obiect in retaining teo generators in saries such as there was
for rctainming two motors in series on iz cnrs, generators for
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delivering 1200 or 1500 vt
AU first Chese were o Lhe ordinery commmieting-nole Lepe.

directiy were soon prodacad.,
Sach machines now, Lhowever, gag Dy emplov o compensating
winding as well as connmuls fing poles. .

The rext slep in The producucii of high-vol' . ¢ d-¢. power wis
the wae of Lwo GO0 NI, 25-cvele sviachronons converters con-
nected i osericd and while Lhis v s considered o radieal gton at
the timie it was first propmed, 2 performanee ohiained wis 50
satislactory thal sinsle 25-cvele converiers producing 1200 or
1300 volts on onc commutalos have now RSers de\'ciopod and
are i stuceesstul use.  With 30 eveles, the masiniwm voituge so
tar employed from a single machine is 750 so that $wo machines
in series are stili required for high-voltage lines.  The »erform-
ance on this basis, however, is most cxcellont.

Cormmon substation practise for high-voltage d-c. lines is now
to employ single synchrosows converters whore power at 25-
cycles 1s available, and to usc either motor-gen-ator sets or Lwo
coaverters in series, where G0-cvele power is cmployed. A
rarticularly efficient substaiion arranzement on the iat’écr basis
is secured by installing three svachronous convostors 50 arranged
that any two of them max be vounccted in scrios.  This Cives g
spare machine at @ minimum caoense.  TF a sivule hank of three
transformers is used for supniving these converters, o spare
transformer as well as a spare converter is alsy scetred, go that,
the siation is prepared [or almost any emergeney,

SWITCLING

In the matter of switehing, the prineipal chanees which have
beent made in handiing current at 1200 or 15G0 volts instead of
at 600 volts have been for the purpose of insuring safety o the
operators rather than for any ather reasons.  Por this purpoese,
switchboard pancls have bewr made higher Ui for 600-volt
service and Uhe cireuit breaices: focated on them so as to he out
of direct reach. Tor opening and closing the breakers, long
wooden rods ieading to insulated havndies on. Lice lower part of
the panel. arc provided. Where two or more breakers are
located side by side, large baziicr
prevent any tendency o fash scross.  Knife switches have also
been located out. of reach it . manner simi'n* to the circuit
breakers and arrnged with rod: for distant cer. ~al.




L
St
(=2

RENSHAW: D-C. RAILWA¥S [April 14

Lixg CoNSTRUCTION

The first 1200-volt lines employed direct-suspension overhead
trolley with a special form of porcelain insulators.  The catenary
form of construction offers so many advantages for such lines,
howcever, that generally speaking, the most commion practise
1s now to cmplov this.  Several interurban lines are using 1#00-
volt third rajl successfully for supplving power but the voltage
surges to which this mayv give rise under certain circumstances,
the dilliculty of clearing a car in casc of accident and the general
safcly hazard incident to the maintenance of a live conductor so
close to the ground sezm jikely to limit the use of this form of

construction.

A growing practise on high-voltage systems is the ! of carrying
the feeders for a considerable distance from the station hefore
tapping Lo the trolley xo as Lo limit the possible current flow
nocase of trouble of any kind on the cars. With the execlicnt
voltage conditions which can so cazily he seeured on Ingh-
voltage Hines, the sticht saerifice which need be made Tor Uhe salke
of protecting the substation apparatus m this way can usually
he well afforded.

LLCONOMIC SIENIFICANCE

In studying the development of $200- and 1500-volt practise,
the fundmuaental point which appeals (o me is the case, success
and speed with which so radical a departuve [rom previous prac-
tisc has been carried out. In most developments of so far-
reaching a nature, many sotirees of hifficulty are usually over-
looked at first and must be carced for in later anparatus at in-
creased expense. I the high-voltage d-¢. ratlway system, how-
ever, just the opposite has appaventiy happenerd.  Many of the
possible diflicultics scem to have been over-cstimated in import-
ance and much of the trouble anticipated has failed to appear.
Tt has thercfore been possible to gradually simplify and cheapen
the vartous fundamental parts which go Lo make up the system
instead of having to foliow the opposite and more usual procedure.

t1s difficult to say whether this exceedingly gratilving condi-
tion was due to the more adnnced envincering ability of the
times, to th¢ nherent <implicity of the 4-+. railway apnaratus,
to the very cxeellent state which such apparatus lor 600-volts
had reached beforeits extension to higher voltages was attempied,
or to the fact that the jump 56 1200 or 1500 volts, while seemingly
radical, re:lly subjected the apparatus to conditions differing
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comparatively little from the-v met wiihh i Mvolt practise.
Whazever the cause mov have Deen, howey 3 he resull remains
as a remarkable tribule (0 those who shared o ils accomphish-
ment. i '
The general vesults of the & a-voltage d-¢. svsbem have been
to make posrible the consbeiion of interushan lnes or the
eicetrification of Twanch stenu veilvoad Tines ol constderably
less expevse for a piven v of constriction than with (‘;()b
volts, or to render possible Joe o oiven expentitre the construe-
tion of lines capable of Leviing mueh heovier trafie, The
usual practisc has apparentiv beea a comprone between these
two possiniiitics, which has sorved to finatly trensfer the electric
Iine from the street car to the real vaiiroad class s far as transper-
tation possibilitics are concerned. while stili maintaininge the

'

relalionship and similarity with referenee to e simplicite i
rehabilite of the apparatus. idl praebive Ty no srenler ey
penditure Tor substations ane Teeders fhan 1. wral GON-vol

trolley dine, sueh roads are o' Lo viploy foen Bl or passenyper
trams after themnnnes ofsicay e in accordiaree will) Lie needs
of theis business stead of hiovinge Lo resteiet Ueem on secatml of
Tnikations in Lhe distribution v power,
2400 ann 3000 Vorrs
Fhe comparative case with which the use of ' §200- wed 1300-

voll dircel current was (s oo

| rom the realms of un-
certainty to the list of cverv-iay standards soon suggested the
emnloymeat of still hicher vorarves, Imasmeos as the 1200-volt
system had been browrht about by the use of two GOO-volt
motors in series and as a fow motors wownd Gurectly for this
voltage had heen producad with no particular diflienlty, he
obvious procedure was to coniinue the geoiclrie ]):'ngn.:cs.\'icm
and councet 1200-volt motors generalors o series S0 as
to operate at 2400 volts.

-From A lechnieal standpoii:, there was aprently no par-
ticular difficulty in doing this. and one line inslaited on Uhis
basis has had a remarkably scccssful record,  J@ 2 geners
standpoint, however, \\rhiicy the results hove ':1:()]\:111((:?1:10 LLL:
a contribution to the devclopr:ent of the art. suitable applica-
tions Tor this particular voltare ore apparc:

- " part somevhat lack-
mg. TFor trolfe roads of “hp e T v class. 1% hes
the inhereni disadvantage of requuring  appastus which de-
arts too widely from the exiviing standards with which the
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operaling f:m'(:(:ﬂ have become Tamiliar, ag weli as of n.ot ‘.cnd‘ing
iteet Lo interchanzeabic operation  over GO0-volt lines.  Ilor
heavy Lraetion. on the other hand, this voltage 15 much too
Jow Lo solve the problem in a suflieiently comprehensive way
Lo attriet (he investment of capitai in clectrification. fven
5000 volts, while overcomung the latter disacdlvantage Lo some
extent, does not do so completely. Tt 3s regrettable also that
botl 2100 and 3600 volts have been employed and thatin carry-
ingr on Lhe upward progress in d-c. votages, 1.'-)()()-\-'()H;.{L])])(ll':li‘.US
was nob used at once Lor coupling in serics, for carrying on the
gconﬁctric progression, without the intermediate 2400-volt step.

Gurivare Livits or D-C. VoLracy

The general limits upen which standard practisc in any
industry ordinarily scttles are usually fixed by broad cconomic
considc'r;‘.tions rather than by physical leniintions. It is on-
tirely possible for instance to operatc trains at maximgm §pccds
of 90 miles per hour or more, yet the maximum orc‘.tnarﬂy.at-
tained is from GO to SO miles per hour. Phizically speaking,
also, interurban cars can be run at speeds simiiar to thgse, yet
the general average on such roads is from 50 to 60 r.rules per
hour.  These values have been eséablished by ararinal inereases
from lower oncs until without any conscious elTent, standard-
ization has been automatically secured. _

In the voltages which may be cmployed with the d-c. riul-
wav svslem, there is some tendency toward tiris same procedure.
If -no_cﬂ'orts were made to the coulrary, it is not improbabie
ghat starling from the voltage of 30400, \\'h_ich we have t;od.@y on
the Chicugo', Mitwaukee & St. Paul, we would next hear of the
employment of 3600 volts, then possibly 4247 volts and so
on up in corresponding steps. Sooner or later, howcvcr,‘ a
point would be reached where, by common cgnso:':*;. these n-
creases would £top, just as this has happened in the matter of
speed. .

While in 2 way, such a procedure would be the conservative
ard natural way for progress to come about in the use of higl}cr
d-c. voltages, its disadvantages are too obvious to require
mention. The apparcntly more radical plan of trying to select
in advance the voltaze at which such increases would naturally
stop and of going at once to :iis veltage worid henc.(-: seem to
be the more rational and really the more conservative as far
as the general good of the industry is concerncd. It has been
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with this idoa in view (hat oo cTorts Loward e use of direet

o B

current w5000 volls are 0

¢oput o tortin Wilh practical
Tables the probiems of distrib-
uting and collecting Lhe necerecry power for e Tnreest loco-

apparadus Tor s voltaoe

motives likely Lo he requived con be readily solved so that
althoueh further inercases mieht he possible, they shoakd be
entitely unneerssary.

CIPRRATION OF 0 orr Hovieynst

The weneral consbruetion of  Lhe H000-voll oxperimental
cquipiient on the Gruss Lake ifve of the Michizen United Trac-
tion Co. and the results of its first Tew montihs’ operalion have
been so widely covered by the technical press that it s wn-
necessary to refer further to them exeept to say vhat the equip-
ment 1s g6l o opceration on the same successiul hasis, and
that at the tiue this is written. it has mun o litle over 30,000
miles.  During the five monthy feom October ist wo March Lst,
the car averaged 3295 miles oy month on & =chedule which
allows only 15 miles per hour and i1ts record would have been
even sreater than this had 14 nos Leen for nuimerwis mechanical
difficulties with the trucks, wheels, hrake rigeing, stove. pilots
and other mechanical parts of (he car {or wh

wh the equip-
ment was in 1o way responsitbic. Duoring e Tour wonths
ol November, December, Jancaersy and February, which. on ac-

count of weather conditions. are crdinarily cons

cred the worst
in the vear, the car ran 23320 nitles or an average of 3830 per
month. .

During this period the car operated through severe snow,
sleet and rain storms and for a wort period even ran with {wo
ol the commutator covers missing, these having heen lost on
the road. The motors and conziol were purposciv allowed to
o with a minimun of cleaniney «=d other carce. and vartous re-
ports sent in by the men tn eharge refer to the presence of wheel
wash, dirt and eoiher obuoxious substances in the motors and
switch groups, although no damue was caused hy them.

A half-dozen or so failures have occurred during the santer
but these have beert mortly in the nature of breken motor leads
or similar trothles which sarved merelyv to test the »racticability
of the use of such a veltage under the general rangh conditions
to which car equipments are subjected ratherthia to indicate
any 1inherent weoakness. These troubles showed that this
equipment could as easily withztend such ordinary mishaps

Chelali




i .

360 RENSHAW: D-C. RAILWAYS [Ap-il 14

as anv equipment for 600 volts.: Only two of the {ailures were
im any way due to the use of 0() volts and these consisted of
crounds on the erid resistance which took place through the
water-soaked flame-proof covering on certain of the leads where
the cables had not been properly insulated and supported.
Such “ryubles can be easily guarded against on new equipments.

While as vet only the one equinment new in experimental
operation has been huilt, various dusigns of other sizes have
been considered and with the special double-armature type of
moter and desisie-jaw tvpe of switeh which have made this
equipment possise, unusual flexibility in meeting a wide range
of conditions can apparently be obtained.

Tn most of the considerations of the use of d-c. voltages of
2000 and 3000, there has alwavs been a certain mwinimun size
of motor which could bt ceonomically produced and Lhis size

s Deen undesirably Jarge Tor certain classes of serviee, With
the special double-armature type of motor for S0G0-volt eaquip-

ments, however, the experimental cquipment already in use

is about as small as would ordinarily be requived, although even
this is apparcutly not the muinimum imnit. On the other hand,
the design scems equally adaptable to lavge sizes.

CoxcrLUsioN

Broadly viewing the high-voltage d-c. practise which we
find today, and its significance Lo the industry, there arc four
ideas which appeal particularly to me. The pernicious flexi-
bility of the 1200- and 1500-volt systems and e innwmerable
siternatives which they present for appleniion to any definite
case in interurban work, scem to yive timely warning of the
great desirability of carly standardization Ju the matter of higher
d-c.. voltages. The comparative ease with which apparatus
{or these voltages has been develeped givesa mosl encouraging
Aeeling Tor further development along the same lines.. The
possibilitics which a d-c. system at 5000 volts would ofler were
the apparatus commercially available make this-voltage seem
a logical one and the results obtaincd with the experimental
equipment now in opcration give great hope that this voltage
‘may some day be established commerciaiiy as a standard of
high-voltage d-c. railway practise.

-
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Discussioxn ox  “Funn-Vie, G D-CL Reammway Pracrtiss
(Rexswaw), Nuw Ve yvpen, 125101006

Frank J. Sprague:*  Mr. Zenshow states toat ten vears ago
the idaw of approximalely U volls =& {he maximum poten-
tial to be heped for ae dec diway operntion was firmly cs-
tablished. T e alaiie 150 some engineeis af jeast were not
detuded with thie sy et

In the carly dayv of miadtsnary moor dovelopment T ohad
bwlt some speaial machine 1o operate nernally ac From 500
to 600 volts hut which i «he exigeneies of “erviee had been
boosted to abott 1000 volls; and on tie 34 ’.\‘trucl' bhranch of
the Manhattan Elevated in e latter hali of 1886, - here a
nwmber of the primary Teatvres of themoewrne lulm Filway
were tried out, T operated at 00 volts from .« third rail.

When, a year tater, I Look the contrael o Lhe pioncer Lrolley
rowcds ab Richmond and SE Lseph, Tadopted @ somewind lower
polential, 450 Lo 500 volls, wideh pressiore and syslen were.
however, cven then regarded as extreme  Ohis staadord was
gradualiv raosc:st, however, o about 600 volis, aad remained
there for practically twenty venrs,

In IPebroames 1t ot She Kaonsas Ciie Bectvie Light Con
\'o-x‘don | stated, as lollows: ' h

"As regards the potential, oty
pressure Is demanded in the "nterasts of cconomicnd s
will be used; and means will be fo

things being smvisfnvtory, whatever

d elfeetive service

amed. consisting vininly in eare of con-
struction. whick will make its use Yo the purpose. aad as intended, safe
and proper. We have i these o
Irave 1o the matter of steam presare or of railway s;peed. To accomnlist
the larger engineering feats necesary Lo meet the Cemands of ceonomy
and commeree we will he governed more by the bel )
{ulty suburdinale a good servant - our will than by ov:
wheir alowed to becomse a mast. v )

In my inaugural address as President ol Uiix institute at the
Chicago Meeting, Jane I8, 1892, ] pointed ont that we were
at that time, 10 osing d-c. motors prac mnll\ .11"' et Lo w dilferesice
of potcntml of {frewn 1000 to 1200 volts, and that to wo above
tl W lmit it would probubly he necessary Lo pas metors i series
as 1 had semetime before proposed for long distance power
Lransmission, '

In March of 1904 in an article iu the Ciectric World and
LIrguneer, T suid:

“While d-c. motors may alwayvs b somewhaed ab @ disadvanlaze fu the
matter of indivi-ial potential, \'.":('. here is a0 olureitiny of moiors, ar
the lares locomotive, it is guite “-waible ow a d-ol sviem to work up Lo
L1700 oz «ven 2000 volts ona sm;gl' ioolley line, maim'. ?niuga Nt
inregular usu_)u rhe BertinlBlevas W0 Trani 85010 500 Y volbs oniadividual
motors; and if a throe-wire syvuer. e o ST IS ¢l e nossivle o make
ase of a maximu cicliey poivntial of nepriy 4000 vl

cors to face the e questions ax we

€ in our power {o

ars of s vaearies

.

*Abstract of discus<ion published in August, 7916, ProceenpiNes.
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On the introduction of the inferpole tn slalionary molor con-
shruction, | orecopnized the henchits of (his construction Tor rail-
wav motors and advoceated its adoption, pointing out that it
would make possible an gamedinte inerease in potentinl for
direcl-current railway work fvom 1200 1o 2400 volts. without
queslion.

[ 1906 T ureed upon the ergincers of the Washington, Balti-
more and Amnapohs line the a:ioplion wi 1200-volt d-c. oper-
ation, aud 1 the fail of the same vear, I recommended to the
consiling engrinees of l » Central California Traction Company
the use of a 1200-veit o thied radl. My recommuendation
was adovnted and the insiailation, the fivst of the kind, went

shend on this basis.

A month later T discussed guite fully the details of the 1200-
volt operation with the consuliing cagincer of the Southern
Pacific Railway Company, and recominended this potential for
the Oakland suburban lines of the Southern Paciﬁn svstem.

In a discussion before the American Imstitutc of Civil Engi-
neersin Nov., 19006, I called attention Lo the fact that, comparing
the condition of the art then and a couple of vears earlicr, threc
important and radical devclopments nid taken vlace in d-c.
motor construction, the first of wlhich was the sse of the com-
mutating poles, which, with additionn! facilities i:: control, made
perfeetly possible the construction of d-c.motors at from 1200 to
1500 volts, with the further possibility of operating two in scrics
at double polential.

The remarkable departure in the construction of the New
York Ceriral gearless locomotives, in which the hitherto iz-
variable practise of maintaining the fixity of rclation hctween
the armature and the field maguoet has been abandoned. gavence
occasion to point oul that this machine was a natural 1200-volt
machine without commutaling poles.

Tn 1006, alter a personal inspection ol the Sacramento Di-
vision of the .Southern Pacific Ratlroad, [ recommiended an clee-
Lricat equipment operated with an initial pote=ial of 1500 volts
at the substaticn third-rail junction, and deseribed the pos-
sihilitics of cleetrical braking, both direct and regencrative,
throughy the use of tndependently excited ficlds as now used
on the Chicago, Mihwaukee and St Paul equipment.

Inmy carly experimenis on the Manhattan Blevated in {884,
T used, for the feld as welt as armature. rheastatic control {or
speed variations. I deseribed a 1)]'m of regencrative as well as
dircet clectrical braking before Lhe Boston Soclety of Arts in
1885.

In the Lendon Twmes and Engmcem,zg Supplentent of A')rll
10th, 1907, Mr. H. M. He'lart made a curiously exact prophecy,
as follows

“Ayropinion is that within ten vears, continuous-current systems as
applied to rzilway clectiification will emple: e oressure more of the
nature of 2000 or 3000 volts, and thesc systems wiil, in all probability,
have come into extended use.”
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This is the vear 1916, o araciically bven 'y years the poten-
Bl for d-c. radhvays remnie s anehanged ; GO0 ol T e
years iL has jumped to 3067 v ois oo Uhe CChi <120, Mihwauikee
and St Pa | ~i|w1\' one ol the typies!ts st diflieall, and
anbracing i ibs A37 miles of Hae more route milenee ‘.ha.n all
the trunk line cl«.,w‘,un- alions e the world. “The 11,000-volt
15-cyele s_\'.-:tcm ioponsexisiendt in Lhis covntry, and not a
new single-phics ratheay molor is row nstaited hess exeept on
the few systoms vemaining,

William 1. Davis, ]x., Jo ot shink the Sosthern Paelfic
clectiification presenls any v probloms at ol Phe discussion
to-night scems to be along Uie lines of increases in veltage far
beyond those used on the Southeru Pueic. “The Southern
Pacific clectrificazion has been in operalion aboufl seven years,
and the success of the instalintion has been very marked.

As regards the tendency to higher voltayes, it would appear
that the proper voltage to e chosen for a given installation
would depend upon the misina:a tonnage o0 be hauled and
limitations as to speed.. The lonnage o wpacity of & avstem is
dependent, we may say, v the number of tracks that are
in service. In a singie-traclk mm, if 3 heavy tennages are te be
handled, it will be necessary - 2dopt Licher voltages than would
be nceessary for a road havi m;\ sufficient traific to require two
or thrce or possibly four traciks. In the case of a imur-irack
road, all the tracks being i nultiple, the drop in voltase n the
track is greatls reduced, amd we alko oblain Uhe advantage of
the copper trosey wire or thivd rail for ol fowr treks in nualtiple,
so that even when lacomotives of very large powers are used,
say 3000 or 4000 houvse power it will be found in so far as the
distribution system i cownceoroed, that a n od ferake voltage,
possibly 1209 or 1300, wouid ove as eifective in handling the
traffic as would 3000 volls, or ;rore, it the case of asinelo-track
or dioubic-traclk road.

In o reduced number of {ricks, some cconomy is gained in
going to higher voltages, L the exact and most desivable
voltage wouid depend uot m") ou the savine o1 the amount of
copper, but also on the load racror on tnc suisiations and the
cost and number of locomotives requires to Sandle the traific.

in a single-track freight vond, 3¢ will be found that upon the
b‘m\ of the welght of trains now in use, very B le improvement
in load factor is weeured if the substations are laced more than
le' o or Lhirty-five miles apari. With thix spacing, the copper
uired for delivering 3000 or 4000 horse power to a train is
.ot at all excessive at 3000 voi.-, and is Oxed almost as imuch by
mechanical rcasons and curvioy carrying capacity as hy the
desire to secure a low drop in voltage.

Substation capacity also as g; 'r“\'mcf to tF. whoie system is
not matrnally reduced, for the v {hat the synchronous
converters and motor gencrr or gets are usnally designed to
stand three ¢ mes normal load for a chort ti- and so long as
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least 33 per cent load-factor is secured there will he no saving -

in the total amount of substation apparatus.

“he whole problem, therefore, appears to be narrowed down
to the question as to the number of loanmrotives required on a
given division and their cost.  As a generas rule, the cost of the
loconiotives required for handling the traflic of a single-track
road will simount to ahout onc-thizd of the total cost of the
electmfication.  [f. therefore, there 1s 2 material increase in the
cost of a 3000-volt locomotive as compared with one for 3000
volts, this increasc in cost may prove the determining factor.
In the casc of the Milwaukee elecirification, forty-two loco-
molives were required, and an increase in their cost ol fifteen
per cent, duce Lo an increase in vollage, would exceed the total
cost of feeder copper for the entire svstems as vequired for 3000
volts, Tuthe case ol a double-Lrack ro LLd in which the iocomotives
would be greatly increased in mwmber, this difference would be still
more marked. and would peist @ fimitations of voltage possibly
not exceeding 3000 volts as o0 Toe Lo most of the heavy
freinht Lralfie now oblatiiag on Lrunk line railroads.

Witiem B Potter: 1L is a pleasure Lo endorse mueh o what,
Mr. B nw I siud os (o Lhe exectlent features of high-voitage
dircet current. Weare, howes: - rather more concerned with {he
future than with the pasi, and [ think that the fext of Che ulti-
wate is very well covered in his statement that: ““The general
limits wpson which standavd nractise in auyv industry ordinariiy
settles are usuadly fixed by “wad ceconomic consic L rntions rather
vhan by nhy\lca‘ limitations.””  Tle mentions as an illustration,
that while 1t 1s possible to operate trains at higher speeds than
the usual practise, it has not heen found economically advisable
Lo do so. I believe the question of higher d-c. voltages will
iz subjeet Lo tho results of expericnce, and whether the limit
will he 3000 or 5000 volts, or some other voltage, wiil ultimate-
Iy e deiermined by “wv\::( cconomic consderations.”

In anyv railway clecteification there are certain [catures which
may be constdered separately as narts of the general scheme.
Under d-¢. operation the initial cost, malenance and depre-
clalion of some of these features arc bul jittle affected by Lhe
uvieraling voltage, while other fealures are so dirgeily alfected
as {o be a determining infuence m the scleetion of veliage most
favorable Lo economic results,  The power stalion, bigh-ten-

sion transmission lines and track bonding arc in the class of.

features first mentioned, and to a considerable extent, the sub-
stationis as well. Sub-station equipment of established type
gencrally increasés in cost per kilowatt capacity with theinercasce
in volitage for which it is designed; and while theve wouid be
fewer substatizes at higher xoltclges, the amourt 27 laded
trnfie usually bccomes greater by reas~.. of ¢he longer distance
between substations, and therefore there is little ov no reduction
in the sotal cest of substation equipmiont

The two {feaiures principally afiected by the choice of voltage
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are the secondary distriliiion copper. inciucling contact con-
ductors and iie ro]lmu sl A cwrelud scudy of the respective
merits . u‘ s was made 10 conneciion \\_L._‘LLML
icago, N (lwnukco and T wileleeiriticaun. Thereap peared
to be Iitle differenc—in 1o .nital cost as o whole, the reductiion
i copper at tiv higher e being offa Ly increased cost
of the iovomolives. e bisic of 3080 volts the relative
value of Lhe different feavives in respect o each other may be
illustrated by the followin, nercentages: vhe high-tension trans-
mission Line complete, af w10 per cent: wvack buiding, 4 per
cent; substations commpls o, about 18 per cent; the overhicad
consiruetion, feeder copy=: cnd trolley conplaie, about 28 per
cent: and 1hie logomotive. ahoul A0 per et e 3000-voll
copper for feeders and trolisy onty be Wy cormething jess than 20
per cent, and the locomer ves heing xu)m. ‘) per ((‘7' e ot
surprising Lhat the reductior in copper & ' velts would have
hcm olfset by greater cosl oi Lhe locomoii.

ummdenng ]g&_coml qoanil maintesaree, 1L is hetter that
u vqln\'ﬂk"lt expeiituse should he o eapper rather than ia
Tocomotives which reduire mainlenance wes apkeep. To ceano-
mize 1 copper and payv eonocqual amamnt Tor more expenaive
locomotives would he o mnsaction on the wrong <ide of e
balance sheet.

Mre. Reushaw's comment with 1(_\|1L( Lo 2400 and 3000 volis
isin the main well taken. The Bulie, Suaconda and DPaetlfic
wmight well have been 3000 volis. 1Giis Ay arise, hevever,
wlere tac use of develeope! apparaius may he utilized o advan-
tage at suine olher voltage than what lor whicl it was originally
designed.—a case in peint is an ciectrificiion requiving joco-
mo;i""s witll Lire sawe waciive power as ohose used on the Aal-
waukee, but at aspeed of 12 iusicad of 15 milvs anhour. It wouid
he unnccessary exnense Lo vedesign this cquipment f(or Tower
speeds when the same egtinment at Z3N velts will give The

specd desared.

Within ThE requireme:ts ol railway maior design multiples
of 750 volts scem te b ahout the higher practical limit Jor ad-
vaatageous winding. [or (l:e speeds usua’ly required it is about
as casy lo wind a motor for 1500 as it i« for 1000 volls, there-
for multip# of 600 or 750 volls as o maximaem naturaily fall into
iine as thie preferred voltgaos for d-e. operaion

Nir. Renshaw in advocarize 5000 voits mizkes this conment,—
“With oraclical apparatus o thisvoltage i atiable, the problens
of distributing and collect iy the necessary power for the largest
locometive likelr to be r "n'cd can be rondily < oved, so that
althouygh further inercas - be possibic they siczid be entire-
Iy umzcccssary.' There i3 2. present 60 ne wesgity for 5000 vokis
to successfully handic the distriburion w:id colleorion of ihe
NCCHSSATY PO for ul:(‘ loreset Tocomosive kely to be ro':_u.u ed.
The collection of pover Ber cine Milwauker incomotives at 3000
volts is a complele su cce:\.x there heing ne sign of aveing at the

"
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contact belween the pantagraph and the Lroliey wire in cicher
reight or passenger sesvize. Althourh the Tocomotives are
cquipped with Lwo pantagraphs, a single one emly is used: e
current takeven the mountain grades heing 800 Lo (1090 ainperes,
at 15 miles an hour by asingle freizht Incomotive, and the same
curei at abeut 30 miles an bour in passenger service, The proh-
ler of stteeesslul cuerent enlicetion is grealer at Lhe higher speeds,
and experimentally over 1500 amperes have been collected at
over 60 miles an hour with a single pantagsraph and no sign of
arcing. ‘Lhesuecess o the Milwaukee is due both to the arrange-
ment of the pantagraph colls ~lors and method of supporting
the contact cord-etor.  Bach pantagraph is provided with
two colleciingr pans jined on the bearing surface with copper
strips, and the contact ¢ vluctor is two 4/0 copper wires which
are in couicci with each other in the same horizontal plane.
The hangers supnorting each of Lhese contaect conductiors from
the catenary are alternated so that the hanger of ore conductor
is midway the span of the other. The object of this arrange-
ment of hangers being to minimize any inflexibiiiry in the sup-
porl of the conductors. Dor the successCul collee: i of eurrent
withoul arcing it is absolutcly cssential at all speeds that in-
umate conlact be maintrned hetween the pantagraph aud itshe
contact conductor, air- this can 2zt he accomplished by so
supporting the conductors with loop hangers, allowing freedom
of vevtical movement without the adde: inertia of the catenary,
The upward pressurce of the pantagraph should fur.ber be sui-
ficient to shightly Iift the contact cotwductors. The contact
conductors are, therelore, lifted and cor! free of the ST
ing catenary by the pantagraph in its passage.  We found
through a scrics of tests, that the wear of the pantagraph col-
lector and the contact conductor was due not so much %o the
friction or mcchanical wear as it was to the arcing due to col-
iecting current, cven an incipient arcing. <o smali as to be hardly
visibic, having a destructive effect.  As on iLusiration, when
collecting 1000 amperes, the ratc of wear with 20-lis. pressure
Agninst UHe conlact conductor was aboul dounie wiat it proved
1o-brat 30-tbs: pressure, the lotter being the pressure adopted
for the Milwaul-ce service. Running copper to copper we found,
as mught have heen expacted, that lubrication of the contact
surfaces was essential to maintaining a smooth surface, and for
this purpose a mixture of grease and graphite was used. Tt
might be expected thati lubrication \iﬁl%ﬂn(tﬁﬁ?e resistance of
the contact surface. The most careful examination scemed to
indicate that the conduectivity is rather improved than other-
wise. So far as we'can judge from ‘he tosts, and from other
lines operating under similar but less favorable conditions, the
contact conductor on the Milwaukee will last for a number of
million pantagra;h passes. : :

There is no Joubt that substation and locomotive cquipment
of 5000 volts cun be successfully opsrated. The substztion

© SCTMTE UPeraTion. T reinyg ain’
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cquipment would ot differ weterizliy from a 3600-vole instatla-
Uon. Thelocomaotive motor, however, boeeares of G additioral
tsulalion = wiecd, and dovotless some cluore i the desien
worh!h have fess power Jor cdvon size and weiehl, and inait proh-
abitis, o greater number 0 nolors woui! be reauired for o
viven service. The Tocotsive control ciipment Tor 5000
volls seco o -he s siacipalls o quention of the additional space
requuared e insai e el Dee the siare extended ascing of the
comactors.  Lxpocmental oporation of the Bulte, Anaconda
and Pacific [oCoTiolives ar 00 volts uive _opportunity of -
trying oul the contrildevice: ulider gonaitions approximating
MasTiovers ar 507 or 5000 volts
arc more startiing, but seent (o be even less des{ructive Lo the
apparatus, than at 600 volts. The high-voliage arc scems Lo
spread over more surface with less local Lizriing than at Lhe
lower voltage. -

The resulss of operation on the Milwaukee huave been extreme-
lv gratifving. Nothing has oceurred in connection with the use
of 3000 volts that might notwell have bappened with 600 voits,
Minor woubles have develeped in the auxtluiey devices, particu-
lariy on the ioconotives, wirvh are more ar-inving than serious,
and can casiiy be correcled. i

The regenerative feature of the Milwaukee locomolives has
in cvery way been as successful as aniiciva.od.  The castern

zrade of Lthe Rocky Mountain:is 2 per cent for 20 miles, and both
freight and passenger tratus are taken down thix grade without

air hrakes more steadily and smoothiv thas thew run even on
the level, and without the deluy incideny Lo inspeetion ol brake
shoes and wieels as required when air brakes arve used. On the
lesser grades, where an oceusienal application of awe hrakes has
formerly been required, regencration is aiso made usce _of to
control the “rain at whatever speed desired.  The flexibiliny of
d-c. regeneration makes it porddeuiusty xiiabic for Lhe regulation
of trains over a variable prosie . '

I quite agree with Mr. Szrague that it weuld be unwise 1o
say Uhie 3000 volts is a inalivy, and having in miad the cconomic
problems that have to be dealt with, and thas radiroads are oper-
ated for profit, there would o cven luss wisdoam in the arbitrary
establishment of a standard novu based on exucrience.

Caivert Towgiey: 1 can endorse the Jasi speaker's rentrks
against the eslablishment of ¢ standard volia re or trying to say
now whal ¢hall be the limitzions of Tuture practise. I believe
that the Institute aud all eny i cers incividualiv should escourage
every possible advance in tine it and deveiopaenis such as the
one described in Mr. Rensilun’s paper clearly indicate that
substantial progress iz suill bving made. Eviry mmprovement in
fundrmentais cven if accornanied by sore unfavorable con-
struction limitations which ove noi funda=rerial should he wel-
comed and encouraged.

I» commenting on the nese e
fron all angles when sciecti-gr a svstem, 0« iast speaker quite
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properly favored a greater ijuvestment in the excess copper
required by a lower voltage system and which depreaates very
little, against the same amount put inte the ingreascd cost of
the 1motors and auxiliarics of a higher voilage system where the
maintenance and depreciation are both greater. s st he horne
in ind, however, that a sys*em which permits the use of a higher
voltage scores a distinet fundamental and permanent advance in
the art while whatever may be the present offsetting disabihiies
of increased equinpment costs, these are largely temporary.
are_just begianing to malke 5000-volt equipments and. 3Q00=
Tt eqmprM’B’f?b very old. The history of all electrical
development has shown thal we may conflidently expect unprove-
ments in design which will largcly or entively remove such tem-
porary oflsctting disabilities if any, ox may now exist. One
spealcer cited the St. Paul Road as an example to prove that a,
3000-volt troliey c.m.f. is high enough, concluding thereforc
that thercis no use of trying to usc higher pressures.  He
remarked that only one single 500,000-cireular =l feeder is
needed Shrouchout the entive length of line. Without DauEing
to comment on the advizability of letting the catire service of
ajarge railway system depend or one feeder it is interesting to
nole that a 500.000-circular mil bare copper feeder, 40 miles
long, calls Tor over 3,500,000 pounds of copper, winle with HGO0
volts and with (he seme energy loss the investment inover
2,000,000 pouttds of this copper woutd Ho wnmecessary.

I feel very steoneiy thad v odiiawe should welcome and in
no sense atlempt Lo deery any fundamentad  advance such
as is deseribed in the paper of the evening, and we shouid con-
gratulate ourselves aud the suecessful designers  that such
progress has been made possible.

While rejoicing at the recent rapid and marked increases
in availabte continuous-current voltages. it is perhaps interesting
0 ask why this sudden activity—this very meterial advance
alter vears of practically no progress when the Fimuts scemed Lo
have hecome rather firmby established? 3 ind the answer largely
in the inereased demands of the new field of heavy railroad
clectrification and the development ol ihu single-phase system
which threatened to mone: oize this fedd, The stimulus of
competition has suppliecd the needed ineentive Lo greater
exertions in the study of continuous-current. possih
fnuous-current appararus was Lo receive serious considerationin
heavy ratlroading it was necessary that every possible reduetion
in the exeessive costs of “nat svstem should be made and every
advant: o taken of simpi’’cation of method. These condlitions
have not -raneed. It is still necessary for the contlinuous-

3

current system to be bettered. A 3000-volt trollev is net zood .

cnough to more than incidental” s share, much less o monopoiize
the heavy traction field against the aiternaty clares dt 1s
frr from clear that even a 5000-volt troliey e.m f. will be suffia

cient to prevaii over available alterhating-current sysiems but

Bies. I con- -
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it i however a long step in the right dires ion and we should
weienme anrl eneonrare L avery possihie wiy
N . . e 5 .
S. 1. Cestorreichar: Wil i Mr. Repchaw's paper onde

general outhines - e vecriving fundiomental principies of
high-tension d-c. rot, s oretise are disomunse ! perhaps, it

will not be out nf place Lo me
d-c. railroad e,
AT~ 12 v b e e e - . 5 \ \

.'M:.‘ .{{(.IY{wll.x\\.- does not pae 0 - sborage hebteries in connection
with favb-tension d-¢. ralioong work. oo this §infler, that
RYIES M T r A e 1 2 - 13 = N - 3 ” . ]
Mr. Renshaw does not deesn it praciicnl o ennsider such, for the
voltages which are dizcusse.d i his paner.
B E\(-_:l‘.‘l'.c t;hirc are, no (.1"m‘._'l,‘. c(.\!m_n.cm'?-)'u_- Siflietivies about a
to_\-»-.l»mg bat‘.,__cll_v on . suy W-voll viquiprent, however it cer-
fam% vowd be worth wiitic to investizare these difficuliies

B <o) B v e . . M g o
or the sake of the advantages gained from: the cconomic oper-
ation of ti:2 1astallation as @ whole.

The greavest handicaps "o such a storase batlery proicetare
purcly emmercial.  Natuenly Lhis side of e prelien must e
dvt(‘r*.\jmf--(‘.\ from case 1o e as 108 - oo led, and Tor which
no defimile rules can be set dewn oG, ceee,

Prom Lhe technieal side There can be ne gquestion, that i s
N - Fesrcay ! \ e W “ye- . =i B ) -l ) N
$1L.1;1u__.\' To H)}( Lo buiid cd operale withe porfect reliabiiny
a storage bateery for any reasnnable maoderalely high-tension
voilage.

o cive this statement

Gon certo i details of modern

21

¢ srne weight, ] cite o 1{00-vall
d-¢. railroad equipmeut as Ges/one Thy Mo rer, civiel engineer
of the Budapest City Railread Co. This cornpany (,\])(‘1'{1‘1\-(‘;1 n
1912 about 56 miles of three branch lines. having o total of
about 124 miles of tracks. ) '

On onc of these lines. with <« length of aboud 30 iles. there
arc one generating and two sihstations.  Power s generated at
L1.000 voits, 42 cyeles, 3 poave, wud supplied o molor veneritors
m the substations.  The poravators in the substabions genorate
on E,lll.\' particular line i odes,, divect-curenl, l

Upon - J-c. buy is conzected a Tuder tvpe A8 E-cell 100N-
ampere-Ir. battery which fuats upon the svatem as any other
standard bLultery. ' J _

There ix nothing remarkabic or special aiou thisinstallation
as auntt. The bajterysis siundard inevery respecl, exeepi the
battery room, where the Qo and wall arc husuinted Trom the
binlding. . :

BEven on o three-wive intallation, baving as polentials 650
and 1100 voils, there is no -[4ibeuity experiencod ivom the battery.
[lie on'y special anxiliar: - whis deuble-veitage cquipment is
U’J\e counter-c.m.f. booster This -t consists of a

(0-velt d-c. motor and six ztaerators mounied upen the same
shaft. The operation of Uis set is towev.s tandard,  Eoch
three generators taking care of one - of she svstem.  The
veltage vegi!~inn of the buesiar reguiator s well as the ioad

distritcdon beiween generatar rad | v is ontively automatic.
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Aneher interesting fenture of this Rudapest system is the
overhend tine constroetion, with its flexibic trojley wire suspen-
sion, wpon the messenees cable, "he t1.'oHc,»" WIre 1§ alfowed Eo
dide tengthwise over vire tracks, to adjust itselt automatically
to he climatic variations, allowing o free contraction or expan-
sion of the wire without additional sayping und_or Lh_c SUSPCNSLON
clamps, and rom which it foilows that .\';;:...rkn_l‘g is aliost cn-
irelv done awvay with, Counter-weights of about 3000 1. al every
mile o ~=ite and a balf or so about take care of the even trolley
tension .- v their respective sections.

Beajomin F. Wood: 1 have been connecled with a system

that has stundardization in fact, and *.-tely I have caunged to a
avstem  that hro vuandardization, to a greatb e;tcnt, in theory.
The trolley car maa wamn eyerybody to acopt his stand-
ard. 1 noticed in the first picture which was thrown on
the screen that there were four o~ five voltages shown. It
doce seem that some standardization is Aesireble, bup I think tbnt
the clectrical man is getting himsell mto some dlfT}Ctl}p}' with
Jhe railroad people when fe talks about cost and the little re-
firements connected with the cfliciency of operation. I mn.‘de
somc caleu'ations onc time on the clectrification of a doubic-
track linc, 130 miles long, operating 3000 to 3300-ton trains,
at twenty minute intervals throughout thc ¢ay, at a maximum
ratine of 0.2 per cent, and found that could he done with 600
volts.  The dilference in cost hetween the different \-'o1tag‘es
was eomparatively small, only 2 per cent on the total, and e
cosl ",‘[)Cl'ili'.ft.ﬂl- would he oniy it few per cent. \When you
realize that the total fuel cost on a trunk line is only five or
six per eent of the operating expenses. and you have got to sc‘.l.
clectric power to the steam railroad at aporoximately the cost
of fitel whon vou take over that operatinn by electric service, you
will see thal when you come to save five per cent, or ten ner
cent, even, ol this fue! pereentage, it is of t:\'r[h.ng 1111]3|(\>1rt:knc;e
when compared with  dependabiiity  of operation.  That 1s
the primary thing. The railroad man wants <(_::!_zcthmg he can
be sure is going Lo cperate contiiuousiy wnd rclxaoly‘:zx}.d thatis
the end to which all eflorts at standardization should be (111'octed.’

Ernest V. Pannell: If I have understood Mr. anshaw§
concinsicns correctly, he is stronglvin favor of themotor, insulated
for 1200 volts and commutali only 600 as op‘pose(l to the
motor which operates at a terminal pressure of 12060. N ow th{s
operation of two motorsin series on a 1200-volt trolicy has always

seemed to me to represent only half a solution of the high- "

voitage roilway probiem. It is expedient where 2 considerable

proportion of the running is on the 600-volt trohe}-' but one usu-
. - .. . L .

Allv finds that where interurban cars ~perate within City limits,

e . £ oaton’
the switch over from 600 to 1200 volts.occurs at the end of thec

limited specd arca so that the motors take up full speed ;

soon as full st:ced is permissible. . L
The man oroblems attaching to the domgn or high-voltage

motors arc two: those of insulanicn and commutation. In

_some extent, does nei £0 50 ¢

‘I .
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constructing a molor which + 0l operate o ocevies with another
on 1200 voita e Dest probaos nas te Deomed s Cleartees have
Lo he sullictent Lo Lake care o 4

rover, projee.ions in Cthe inter-

10T have to bhe rounded ofl o extbee slob Seelation enrvied,
I o recent instance Lhe slai snace Tactor of @ 1HG-kaw., 1200-

volt motor worked oud o 370 por cenl wherens Hie correspond-
g GO0-volt dexign would prei o by have a vaiue of 50 puer cents
i other words g armature ot given sie oo oocapacity 25 per
cent Joner when insaioted  for 1200 as compared with GOO
volts. Now in making the acdklitional modifi-coinns for running
Lhe motor direct on (200 vob s the cormmuloor birs have to
“he inereased b number, possiblv by 165 wer cont and the arma-
tue, 1f abwo-turn winding redaeed to one turn, Simuitancousty
however the amperes per motes Tor a given ounpit are reduced
by somc 70 per cent this makes it possibic w shorten up the
commutator Ly a similar preportion.  Altheurh on account of
the space required for bearing:, i, ete,, it 1 possible to adi
to the core-length every 1 woved on the commutator, it will
usually be found practivible te inercase the core by ‘wo o
four inches and by this mew = 1t
flux. On the foregoing hasis +

0 RS

) dimnia tetie el sy @ geedter
clore, o motoer of viven weight
will actually have a greater output with 1250 teomningl volts
than where it 1s one of a pair Jdesigned for werking in serjes on
this potential. :

As Mr. Renshaw implics, the question of disllars and conts
will ultimatelysettle the maxtimemn visltages Tor e ihway oneration.
We do pol run our trains ab ¢+ o miles an four hecaase the
cost ol track maintenance and power for operition wonid be
probibitive.  Similarly an  econamics’ anaxinm vollage will
be evolved bevond whichi the extri cost and maintenatce of
the cquipment will outhaioszee the economy ow the line copper,
Beeause 1200 volls s about the maximum which can be applied
to a vuilway motor commutaior in service with rensonably
satisfactory results 1 owould sei the maximun: Jdesirable troiley
pressure at 3000 volts in (he present stage of the art.

A M. Armstrong:  There are two rather positive statements
made in Mr. Renshaw’s paper and to bring (hem [reshly to
mind [ will quote.  With relerence to the use of 2160 voils the
author states "IProm a gencra: szandpoint, however, while the
results have been welcome as o contribution to the developnient
of the art, suitable apnitcaticns [or this particutar voltage are ap-
parently somewhat leciiug.”  On the next page the author goes
on tostate, ''For heavy traction on the cther hand this voltage is
much toe low 16 _sdlve the problem jaa sufeluily compe-
henstve way toatiract the inve; inent of capital in electrificagtion.
Even 3000 volts, while swercor ing the latter dicadvantage to

] stetely.”  “The nulzor then roes
on to make the sugges e 5060 volts diotet current be
adopted and standur-il . T as o ovoper d-c. voliage for eleeln-
flcatica work. :
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A number of vears ago on the foor of this Institute the sug-
gestion was made to standardize the 13-cvele a-c. singie- phase
motor system as the standord equpnlcnu {or stcwm railway
eleetrifications. At that time not a single 15-cycle a-c. motor
was in operation in this country, and »ut one installation haus
been nivde e the manv years which have since passed. To-
night we have the »uq:eshor‘ that 5000 volts direct current be
standardized although there isonlyone experimental carequipped
with 5000-volt d-c. apparatus which has heen in intermittent
experimental service for a per ind of a fow months,

There wre 1n operation In this country three very extensive
mil\\':l_\' svstems using d-c. motor equipments of 2400 to 3600
volls, and contracts have bheen let for similar apparsatus for Lwo
other installations =iao of some magnitude.  In view of these

41t therelore scems pertinent to approach the proposal to
standardize 3000-volt d-c. apparalus by asking two questions.

Wi fnets are behind the twao statements made by Mt
Renshaw in whieh he broadly - diseredits 2100 and 3000-volt,
apparatus as beine applicable Lo main line clectrification?

20 Whate experien s heliind the suggestbion that H000 volts
he adopted s stondard d-co potenbial and what advantages
does 1L ofler? '

The sweeping statements that 21000 and 5000 volts direcl
current “are nweh oo low to solve the probleny.” cannot be
accepted without advancing suflicient Jacls Lo disprove the
cconesnie fitness ol Uw appnmtu.\‘ now operaling suceessfuily
on Lhree miiways wul under construction for two more.  1Bspe-

ciaily s thig so wheo one clu‘L. Soation at 300 volis has .Lmung

.mfc‘”m greater thatmtheomined Jongtn of 61 The clectilicniion.

thus {ur complicted—mthis counlry to d,,lu, It is therefore
frepnsesible to let &0 unchallenged The Broa H statemoent that po-
tentials considerably hwhu than 3000 volts diveet current st
he resorted (o m order ‘to allbracl the investment of capital
in cectrification.”™  In the absence of any facts supportivg the
claim that 3000-volt d-c. locomwolives cannot suceessfuily mut
the requirements of heavy traction serviee, i€ is not out of plac
to refer to some of the [uidamental features of the C. M. and S. P.
clectrification operating at that potential,

This clectrifiention extends over Tour steam enging divisions,
a tolal of 4«0 route miles acrosk Lhree mountain ranges, the
Bclt Rocky and Bitter Root mountains, and prv&:ents all the
prabloms conlronting operation over a broken profile from level
track to long sustained grades of 2 per cent.  This 440 miles
of track is fed {rom 14 motor-gencrator substations having
an aggrcgate installed capacity of 58,500 kw. {uli-ioad rating.
In each of these substations there is one motor-gencrator set
scnung as a complcte sparc so that in normal operation of the
road the aggreveic ~-nst1t'on capacity running is limited to
33,000 kw.  The tetal <-c. load cn the 14substations will nrob-
abiyv be less than 14,000 lc\\ giving a load factor of over 40
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per cent of the aggregale ruoning capaciny of the substations.
ins remarkahly ]n;r?. besul factor is seer-d by soncing the
substations some 22 il cpavt as permitt a3 by troiley distni-
bution at 3000 volis dires current. Thi+ substatinon spacing
i oobiin “C(_L in mest eases with oonle one 59)0,000-cirealar mi
feeder v mrncmg the Lo, boeenact trolley wives, the exceptions
being the 2 poer cond wrmd "l v inie foclsy Mountatus and the
1.7 per ceul prade oves the | ;Lu- Root ~!aintains, in which
locations 1,400.000-circulas :'.'al an 100G cirerlar mil {eeder
cables r(‘&x\cr‘i'ivoly retnforee the trolle i

We have then in the St Pand clectrifio s
whal can be done with 3Lilvoll trolley prthution and e
above statement gives evidence thal sehatation spacing is
approximately 32 miles, tie feeder copper insialled is entirely
reasonable and furthermore Lhe load Tacler of the motoar gener-
ator sets tunning o the swhvtations under 5ormad serviceis very
good ndecd, Turthermoes:. the 33.000 ow, runoing in Lhe U
substations furnish power to 12 main fe focomotives and 2
swtlely engines having a eranbined conlinuos: solingr ol 127 900
[up.or 95,000 kw. which & further proot I substation
spacing s sufheicnth vreat ool ton lredextend e malier
of diversity Tactor of the soverpl locomatives opevating and ax
signed Lo cach division. A statement of e Butie, Anaecs: ™
and Pacilic Railway operatieg al 2000 volls direet current v
add further fiets Lo those ¢ Hod i the case of -he CL AL and S, P,
and these Laels are subiitCsd as substecnd evidenee that 2100
and 3000-volt direct currest are seflicient s high Lo adequaicely
take care of the demnuds oF main truank iine  cieelnfication.
The tram weight on the Su Paul totals 3300 tons jrross in( Liding
locomotives, amd tiese henvy trains operals cganst o 2 per cent
grade at [5 miles per hour.  Ua the Bittie, Aaacondia and Pactlic
trains of 5000 tons gress aie beinyg operoted avaansh o lesser
gracdiient and the average <dron in trodiev fecders and grouned
return on cibher road will i found Lo be tess Chan 1) per cent
utider the average tradlic semands and pessibiv 20 per eent
maximun under certaan conditions of operntion,

It may scem altractive to always ('on.\?'l(r the use of shill
higher voltages, Lul 1L nuss be recogmized ihat very high volt-
ages impese Lheir burden of expense and complications upon
the molive power wnd sub-lalion apparatas unbil @ poins, 1s
reached where these costs Lecome su exeessive as Lo more tian
olfset the redu-tion in Fuv'"" copper and cther advantapes of a
high distributing vollage. There is nothing inh ".w.:.l_\ XD
sive in o high-voltage log r)mn!,no and thsoe is hile saving in
the first cost of the entire in 1 cronsferring a cer sin
portion of the initial investment in copper to 2 corresponutily
mc*‘M\n in the r')sv of luromotives whicl is the resull of going

a wood example of

again to the nroposal to stawilardize 5000 volts
direct current, I do not shure witiv Mr. Reasiiaw the conclusion
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Lhat this potential is a natural s¢lection or in any way @ .veseuls
the last word 1n thedevelopment of d-¢ ° Comolive equipinents
Jk.[ow the dumun was nuule to adopt Sunii-v olL d-c. apparalus

and S, T, exhaustive expertncints w erc carried

s wilh aa idea of determinieg 3 possible the limiting

al of d-c. apparatus.  Nn such iimitls were discovered,
as witn the hastly constructed apparatus tested, it was found
possibie Lo successfully open G000 volts on contactors, circuit
breakers and fuses assembied for the purpose and furthermore the
cureent used was oblzined irom motor-generator scts and was of
sufticient volume to demonstrate the suﬂf‘ossfu} operation of d-c.
apparatus al this potential in - ommereial orvice.  T'o my mind
therefore it 1s not & question of the feas umt) of opcratiug d-c.
equipment at higher than 3000 volts, but rathier what advantage
either in first cost, cost of operation or increased facilities does
the adoption of a higher potential offer. -

The 5C0-volt car {=d from a mercury rectificr tube rcferred to
by Mr. Recushaw constitutes a most intercsting experiment
but in no way forms a sufficiently solid basis for a rccommenda-
tion to adopt 5000 volts Zirect current for heavy traction electri-
fication. If facts can be aiscloserd which will discredit 2400 and
3000 volts direct currer: “hen » will be time to consider <he
initial installation of d-c. apparai-ie at a higher potential, and
its successitl periormance perm.m in tianc may lead to the
adoption of a general standard d-c. potential iugher than
3000 volix. With the faets at hnnd, however, T see 110 reason
to go to a higher poteasial than 3060 volts even to meet the
requircments of Lhe heaviest kind of trunk iize service. In
fact there is snuch more reason to suggest standardizing this
potential with the weight of e\ )erxcncc hehind it than to del}
adopt a higher potential not yet in commer | | service on anv
smh. commensurate with the problems to he \\\).vcd.

Selby Haar (by letter): [ should like to have Mr. Renshaw
-vwclunc’lsonstor preferriag 5000 volts as the standard. Viewed
as o mullipic of 1200 and 2400 velts it should, apparently,
suit him less than 6000 volts, whick is derived from 1500 and
3070 volts.  TIauthermore I do not sce that it is obtained by
rectification of a-c. voltage or potential any morce convemently
than some other potential of the sane order of magnituwde.

Carl Schwariz (by letter): Mr. Renshaw's paper in calling
altention Lo the sucees ful application for railway operation of
direct current of sufficient voltage to comparc in ecomony of
transmission favorably with sin:le-phasc aiternating current
suggests 2 potential of 3009 voits as o standard o“erat"r*q voitage.

W 1ut1out desiring in any way to detract from the value “of

standardization, I would like to caution against prematurely
r.do_",.mg 2 st..nd:xrd high d-c. voltage for railv av w ork.

We have in operation a wvariety of systems with different
pressures so that the ultimate loss on account of lack of stand-

N ,_-,J}QCLL(E with d-t ‘L.)p‘u"u,us opquu boas Liglhids
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ardizalion Wlould nal hesviteriadly inerensct] 1 standardizittion
was deferved unlil we s abie Lo foresee jnore definitely what
the future will Imwr e ouew clvelopee nls and expericnee.

Practically all st kb e e result o wradual developiment
Lo a degree where o further merease in pevlechion or efficieney i
cither impossible o unnecessary and 1 scems questionaide
wielher we have veached Dhis point as fas as voltage Tor eleetrie
train opovation 5 oconeesnels Handardizaion B oadopled Loo
carly cither means 2 eheek i progress or il 7 ogress 1s not stopped
standardizalion antomad 2y fails,

The paper further perwidis the conclusion that if Thigh-vollage
direcet current is as sacrevul as it promises Lo he, the future
standard syslemy, 7 swclh o Lhing is possibie, has increased
chances to be direct current vather than siuric-phase alternating
currcnt. .

The writer has refrained {rom taking past in discussions con-
ceriting the relative meros of ingle-phase alternating current
as compared with direet current for electsic traction.  There is
one feauture in his mind, linwever, for msty venrs und that is the
difficulties connected witli the generatic o of single-phase aller-
nating current. These ditivulites ave wseandiy reflecied by appre-
ciably bigher cost of currzat and grealer chance of disturbances
in the generating station.

II these difficuities can be climinated by the usce of dircet
current, still retaining es=entially the adsantages of single-phase
a-c. transmissicn. a long step v advance will be made

The priucipal reason fur the relaively lmited sicetsticalion
of steam railroadsis not that steam railroad men have failed to ap-
preciate the advantages of cieetsic operation bhut rather the fact
that so far the investimen: regpuired for il of the eleclric traction
syetems has heen so high whak 1L was 1 most eases hopeless o

exowel a saving in operating expenses to puy for the additional
(ixed charges.

M. 1\cnshaw’s pa;
signs of hecoming materinil )

N. W. Storer: The point in Mr. Renshaw's paper tiat should
appeal most Lo Lhie ratlwey cugineer is the portrayal of the great
progress that has heen ninde o the car qud focomotive equip-
ments for operation on increasingly hich d-c. voltages. onl-
minating in the HQ00-vol! cor cquipment that has bheen in opera-
dou during the past vers ot Jackson, Mich.  The operation of
this equipment has been « revclation to ail concerned and it
may be interesting to diseuss bricfly Lh" main poings of nterest
in it, cven though it has baen partizlly deseribed in the technical
papers.

The development of tiks cquipment wes carried out in pur-
suanee of a settled deterriration o find. i possible, a limit to
d-c. voitage for railway puraoses, or at least to see if 1t is nossible
to arrive at one which vwould be high «irough to meet e re-
guirements of heavy clectitie traction fn cxi e instances, and

iudiczlt(;% that this handicap shows
b rediiced.
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to do this economicaily. The >_development of 5000-volt ap-
paratus was startal several v yecars ago at a time when 2400 volts.

was The maximum d-c. potential that had been installed on any -

Tine m this country. It was known that an experimental line
waz in operation in England at 3500 volts, d-c., but no informa-
tion conceruing it was available at that tn:nc. Since then, I
have ad the pleasurc of riding on this 3500-volt car and have
inspected the cquipment. Owing to limutations in the sub-
station generator; the equipment has been onerated most of
the time with the motors all in series giving half voltage and
half speced. However, the commutation of these molors was
excellent at tull voltage and- practically no trouble had been
experienced with any part of the cquipment, except the dyna-
motor which was used for furnishing :cwer for lights. control
and compressor,

This exserience covrresponds closely witle that of the r)0()0—
voll cquipment, except that the latior has ne dynwinotor,

Any svstem of cleetrification, or anv voltage that js agptied
Lo Lhe electrilication of a heavy Lraction hine, should he suitable
not. ondy Tor Tocomatives, hut Tor multiple nnit car ax well,
Sinee the 5000-volt cquipment., \\Imh hag heen in operation,
consists of Tour motors of only 100 1. p. each, this can be safely
saidd 1o be suitable for multiple-unit ( ar operation. o view of
the Tact thal many of the mitations Lo the voltage of a4 small
moter are wuch greater than in a large motor, it would appear
that it weuld be still casier to build larger cquipments and loco-
motives, at least the problems of msulation and commutation
should be casier.

From Mr. Armslrong’s disetussion, it may be inferred 58 he
thinks this is o freak construction.  Certalnly, the desiins of
vire motor and switch groups are quite diflerent from the ordinary
types of motors and switeh grons for car pu rposes.  Flowever,
a carclul examination of the ¢ mruent will show that the
principles are wdentical with th(v\‘ ol ihe standard well-known
types and that the difference 1s 1n appearance oniy; the voltage
betwees commutator bars i no higher than on the ordinary
600-volt motors; the woitages between the upper and lower
lavers of the crmature winding are no greater than with any
1200-volt armaturc; the number of Neld coils is Jess than ou
the ordinary four-pole twter; in fact, throughout practically
the cntire motor, the construciion 15 sumpler than that of the
ovdinary 600-volt motor. Practically all thav has to be given
special 'uru 15 the insulation of the armatire windings {from ground.
How well thiswas doncinay beinferred from thefnet that after e
car had run over 30,000 iiles, one of the armature leads. leading
from the coil to the commutator har, broke off and 2 hole about
1% inches in diamceter was burned {hrough the armature heed.
This armaure stood a test of 12 00 volts oo o ground Wit
a sign of distress. The ecommuiiinn has oot s near jwr-ect
as that of any 600-volt motor, and while there have heen ceses
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Loshing i1 the motes shey have, witiuo c\cc;,fmn been due
to abnormal causus, e s reverses commutading Tobis ov
broleen brush-holicr c:lles and fono s s the ‘c bv';n any
damage resulbing from fis

The operation of e itches with (he ace so'itfers has been
so successful thal. ther appears 1o Ty ne dilicutty whatever
in desigioee switehes o die any reasonable ames- ol power
at this veliage.  The an spiitters serve to greatiy nercase the
length of he ave, as w. - =+ to chitl iv. The insuiation of the
switeh gronp wus so pefect that alihough the switeh group
framoes woere ':_muynclvd o {he car struciwe, there was no case of
a breakdown in the incaietion until a0or o FLO0G-veit Lraps-
sussion line had dropped on the trolley wire. Then a short
cime later, one swite h slator and o motor armature were
erounded.

‘Phe auxiliarics are very well taken vcave of by the stornse
battery, which is conuec.d Detween the main motors and .
Since the operation of whe compressor s clefayed nmtid the car
starts, the battery is nol reqiired Lo o ':“x very much of the
power Tor tite (uniprv" pothler \\'l)ir’)t Sernles from Lbe carvent
thoroush the matn motars. Fhe balie o absorhs the exeess "oy
lllJth‘.l(b any current that s vequired shove the main motor
cirrent.  The duty on the storpge bhaicery is therelore. very
light. Test on Uhis veiinment shows Levond (uestion the 105
\mth\' ol opcrating su-\!“(lnul) with 5000 volts in leht service.
There would appear Lo he ao reason to Goubl thet b will operate
at ‘east as well in heavy service.

As to the qn(:\.mu of siandardizalion. i do not think that we
need o feel that N nt‘"\’l w had ares inLcnlizm whatever of
stariing ol Lo show thoi 3000 volts covld be at onee adonted as
a stundavd. TEis a pedat to aim at, anda it certainly seans more
fogical to un dertake the developmen{ o n|:\m{u\ for & voitage
which it is recognized would be high encrgh to huandle any kind
ol traMe with a very cennomical dist rhution sysieny, than Lo
proceed by the smadi sieps which have thus far been made.
As a maiter of fact, it i recomnized that 5600 volts would not
Lbe at all suitable for stendardization i it could not e made
thoroughlv relable. 1 has not, of course, yet received atest
under cenditions which would warran: adopting 5t {or general
use, or to 1cpl.lec other este hlished <vsiems, bul il s certain

that a new “ bogie ™ Los been estabhshed, and 1L as o volluge
beyvond which it appears scarcely worid: while at this time to
vo. ‘To be sure this suve o auipment was operitled at as bigh

2s 7090 wvelts C\DLT“”"’" alaliv with enilro satisfaction, but this
srnpl\ shiows the fuctor of safety whica Jhe nresent cquipment
has.

There has been some "'wbt expressed by several 0" the spea
ers as to the economy any higher \nmmc than 3000, ‘Ihe
answer to this question iopes solcly en gl enst '\{ QL‘JSLQt;OI’]a
and locomotives.  if the increase in 1‘\‘ cost of locomotives 3

1-
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gomg to be a large percentage of the cost of 3000-volt locomo-
tlvqs, the limit would be very soon reached, bhut this denends
entirens on the type of locomutive that s adopted, and the use
of the Lwin-armature bi-polar motor places a very different
gzt on Lhis question of cost [rom what would apnear with the
oider forms of maotors.  As a matter of Lact, it apacars that the
addibional cost of a locomotive dusigned for H000 volts over Jiat
for 3000 volts will Se a very smadi percentage of the total cost.
\v!‘.ilo the decrease in the cost of sihsiabins and [eeder copper
wiil be o very considerable proposiion.  1t, therelore, seens
mevitable that a higher voltage than 3000 will be utilized in
the sonr Tuture, and whether Uhig voltage will e 5000, 4200
or G060, 18, Lo o cerlain extend, immaterial.

The advantage of a standard which can be adopted by uni-
versal consert ix so great that T feel that cvery cfiort should e
made to reach one at the carliesi possible dute. If we can get
together and decide on something which we feel will be p;'oi)cr
and fundamental, as Mr. Townley has expressed 1it, we wiil be
deing far better than by trying so many steps along the linc.

In a paper which I recently pres.-+td in Engiand. T stated
that in a 1(:OL_tm;r_\' where tlere 1s ar . uerodic government, one
man can deeide on what is yoing to Le the standard. In another
country, where there is absolute independence and individual
mitiative, ¢here may be a hundred different things proposed
and used tr cccomplish the same purpose. In the first case
wihiie the man may not decide on the best system, it would prob-
aniv nevertheless operate more savisaciorily than in the latter
case where there arc so many different seilemes, hecatise the cost
of mu vinclurt in the first case will be verv much less and every-
one wiil become familiar with she one svstem and kind of ap-
paratus, and the operation will undoubtedly become satisfactory
even thouwis there may be some other system which would have
been a iittie cheaper under the same conditions. At presont, o
ara required Lo desien apparatus to mect many difiérent sysseins
which are really intended to perform the swme work. 1n this
way, the cost of development and manufacture runs up to an
-enormous figure, which the operating companics must even-
o R T ' '

Sar Bprague has, as usual, given o spiey addition to the dis-
cussion of the paper. althowrh one mus’, scarch o long time
pcforc fnding wherein 1t applics to the subject under discussion.
It would appear that he asswnes fronr the fact that Mr. Renshaw,
who represents the company which has heen responsible for
practically 2all of the successful single-phasc installations in this
country, ras presented & paper outlining the possibilitics of high-
voltage d-c. apparatus, that the single-phase system is, there-
fore, dead. A Lttle further investigation of the question will
prese L Z»It‘-. Snrague’s satisfaction that the single-phase system
18 very much aiive. _

Alr. Sprague has quoted one of my previous statements in
regard to the influence of cc:l on the system of electrificaiion.

AN
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T still haold that the uliimate deeision will e hased on the first
cost and the cost of orcration, provided e svslems wre equally
revinhles TU s corbain shat rehiabifite §0 going Lo bhe a prime
factor, buf veliabibiie i orelative tevin, There ase many (hings
on a raibvend which cuese delavs (o fraffies 00 the puber of
delaye inetdent Lo mat-cis entively apart Srom {he power system
s very Taree i ccnps cean with the aember due Lo the electei-
cal e coient, the question of veliabilioy of the labler becomaes
of Jess riperlanee, ol apparatus wonld doubtless be
more relinbie than any o Jhe so-called high-voltage or single-
phase syatems, hut s valre of the soneit additional ~tishility
would he Far Insg Lhan ihe estra cost of electrt!ving a long fine-
with ‘Ius voltage.

C. Renchaw: Mur Sprague’s principal pomt ol disagreement,
1 [ unlerstand him oebtly is that oy simile was somewhat
overdrawi, when I as:zmied that it vwas practically a universal
belicl, ten vears ago, ihat 600 volts was the maximum d-c.
railway potoniial, sinee even at that time he had predicted
some of the things whicn have now come to pass.  Aside irom
this muinor point, howover, I judge frowm his remarks hat he
agrecs substantially wi i the'ideas I have expressed.

My, Davis 2eints onl that with a given train unit the prob-
lem of distribution is ¢ nplified as the number of sriris increase.
A certain minimum siv: of trolley wire must be used over cach
track for mechanical strength and with two or three or four
tracks, the combined cenduetivity of the several trolley wires
audof the various railz in parailel nocessitates a less amount
of auxiliary fecder tha: if only a singic track were cleetrified.
Stated in another way, with i fixed amount of auxiiiary feeder,
the greater the number of traciks the lower the vollage which
can be used with a given economy of distsibution.

While 1t wmight be Golerred Trom M Davig’s remarks that
i view cof these facts, e would advoc:ie selecting the vojtage
for any given cleetriiiction accordin, (o sech circamsiances
and thus perhaps wsingg 1200 volts in one case, 1500 volts in
the next. 2400 volls in thivd. 3000 voits in a fourth, cte., |
hbchieve that hie mercly “wvished to call atieution Lo the pranciple
rather than to advoecate sueh a maltiplici oy of veliages for [ature
heavy clectrifications. :

Mr. Davig states also. that gince mwinrgenerater sets and
syuchronous converters are ustially de-iuned to stand Lthree times
normal toad for shert plods, there wits be no saving in the toial
amount of substation zpparatus by ingreasing the load facter
hrewond 33 per cent.  Tais analvsis, howeaver, overlooks the fact
thal e maching: whicl: have Loon desioned to stand three tites
norinal lcad have been madc in this wzy to suit the loads which
they must carry end not because susu Josigns vive the most
desirable or the least erstvye smachinan,

Finally, Mr. Davis s “vaf as a ;oo the cost of the it
motives for wny given clectrification v ; ipproximate one- i

L5
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of the total cost and that it therc is a material increase in the
cost per locomotive for a higher voltage as compared with a
lower one. this Incrcase mich:i prove the determiric: factor.
This fact 18 so0 obviously truc trat 1 thought it unnecessary to
mention it.  The cost of cquipments for 1200 volts, however,
15 but little mare than that of simil~r ones for 600 volts. Pre-
S1UMG bl\, wiso, the cost of locomotives for 3000 volts has not
proved snaterially ereater than that of cqulvalom, ones for 2400
volts. Tt seems prohable from o eful estimates that in view
of the unmproved types of construction that are availabie, loco-
motives for 5000 volts can be built so as to cost but little more
than if made {for 3000 volls, and all of the stutemeals in the
paper with regard to the usc of 5000 volts have been based upon
this idea.

Mr. Potter agrees that my comments on the unfortunate
circumstances that have given us electrifications at both 2400
and 3009 volts are in the main well taken, and this hroad-
minded position on the part of a man of Mr. Potler's abil Hiy and
attainments s the most hopelful sign in the entire diseussion.
With this poins appreciated, everyone must surely see the desie-
ability i fataree of avoiding simitar imulliphicabions of vollawes
as Tar as possibie, and as 1t was Lo poinl oul tis fact 1t the
paper was primariiy wrilten. b feel decidedly encournzed by
this st w:mvnt from My, Potter.

Mr. Potler suggests a changein the last sanoncc of the paper
where T said that it #000-volt apparmtus were ‘‘comunercially
available'” such and such wwould be the case.  Fle suguests the
words commercially cconomie,’ instead of commercially avaii-
able.  Suceh a chaoge, however, would not =noany way affect
the meaning which 1 intended the sentenee to conyeyv, for to
my mind. the appuaratus whicn 1is out of linc in ¢st, 1s not
commercially available

Another portion of Mr. Potter’s remarks which appealed
particutariy to me was that in regard to the colicetion of current.
After saving thal this had seemed Lo e a great problem and
that somie years of study had been given to it he adds “The
solution. was lound Lo be rather simpler than anticipated.”
This sentence '1*){)(“110(] 1o ma hecause [ helieve that scne day
[ will have the pleasure of hearing My Potter, and some of the
other gentlemen who have com mcnlﬁd upon the paper. use
these saume words 1 regard o the employment of apparatus.
for 5000-volt dircet current and the standardization of voltages
for heavy cleetric traction.

Mz, Towrniey agrces that a potential of 3000 volts is not high
enouyh to hold the field of heavy c! ieetric traction, but he 1s not
sure that even 5000 voits will do this. He announces, also,
that he 1s against standardization, scemingly becausc he helieves
standardizatica tends i -'"..‘scoura:z.‘ advances in the art.

With regovd to the fus cica il goooe to me that Fust the op-
posite is truc. Nothing L;f (ls to cricourage the wevelopment of
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an industry so much as a shait-permanence .'"".{ gcngml'intor-
changeability of the a.;mrxll x (ur Emrrving . on, andl ne 1C‘.a§s:
of apparatus can be teally developed on o commercial bosis
waless ite use for a reasewisie term of veors is assuced.
believe therefore thal it werl’ be mueh mort encouraing 0
the art of heavy eleetrie rails uu(hn” 1' lﬂ%lf‘x ol ('11|)|()‘/1ﬂ“ i
little higher voltagme it each s s d-¢. apparatus

is used, some ddnnu vollage, o meet all reasen-
able requircmenls, was coper sy ucf_\.g.-g.ux.(:d o heing standard.
Replying to Mr. Oustecrdiet oo Uhad not oensioned storage

batiorics in conucetion with hich-voitayre d 1'<\:ui.<..sin<‘<» as
far as I kuow it has never d.f\ vt boen necessasy o cotisider their
use <r‘v‘.ou:1) on such roads in America. 1 sco no reason. ‘l_w\\'-
ever, why batte=izs could nar b avranged {or 5000-volt direct
carrent if this was necessary.

Mr. Wood has made a good paint by bulicaring that il is not
so much the cost of clectricnl thparatus as it worth which con-

“eorns the railroad muun sinee the cosl of the eleeteieal parl of

Lhe sy -x(m 1« a comparatively saadl paet of thetolal, T iu 1'\.1‘.
road man’’, he says, Cwanlg something he e b sure 1S UM
to operate ('.on Liu-:-')usl_\' avd refinhiy and that i the cud 1o which
all elforls at standardization should he diseers WY
[t is olyvious that if the =51 of the various availahle designers
an be constantly applicd to oorfect ting the details of any given
appamtu% rc.anr than to ch::n;‘mv s Jund: muntal el nac\a.,
e resulls Mr. Wood is ‘tool -y for are more 11y {0 e secured.
[f the rat 1roa.u man, also, is ofiercd somethiny that is alrcady
i use he can be miuch moere ¢or i of the resetig he will obtain,
I believe Mr. Wood's remavis therefore are strongly in favar
of the policy © have heen advocating, of choosiyg the right thing
for any given ciass of work as quickly as possib ‘e and then stick-
ing to it.
Mr. Panncl}, in advocating the use of motors wo and dncul\
r 1200 voits rather thau o fwo 600-vell otors in seres. 11
c'm(‘\ where the cars are nol racniived o Tun ab (i ‘»;)u‘-l on 600
volts over part of their route, has overlooked one important
fact. Where a manufaci... = Duilds motors for _o,)u.\tn.g on
GGO volls, as well as for T2 L oils, a c(m\'(iu e investientn
dr.’u\'i:x{i:-f. patterns, tools, cte, can he saved by the uxe ol the
came 1m.0tors with minor changes for the fwoe \!»H.\:;.(‘s, mnste 1_(1
of radically different desiins, In arguing “hal 1500 volls s
about the maximum poteniis! which can be asmlicd Lo a rathway
motor commutator in service uu’. that to aliow pot more tiwa
two motors in series he would 1heretore ﬁc e maximum trolicy
potcn.,l i ot 3000 voits, he bas apparcntly fosmtien the dovlle
armature motor which Mr. Sterer clcscubc.d and which witl
1500 volis ner commutator il two motors i series would per-
: oty valiaee of 8000,
Nir. HMaar ing

chosen, sinee it is not & " vt m

o

o r\'u‘u cular vi'taze of ANNG ving
itipic of l)\,.), 1200, or 1500.
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in undertaing to produce d-c. apparatus {or a voltage high
cunough to be switable as a standard for a reasonable period of
_\'Cnrs. we started Lo design «ur apparatus lfor 1800 --0its, or
doubsle the value of 2400 veits, then the maximum contemplated.
\l_hxs was later raised to 5000, however, since it had a morg
cuphonions \ound_i.h.uL}_&L, As a matter of fact our expen-
mental line has been operated at about-s300 wolts and the ap-
paratus was tried cn the test track with voltages up to 7000.

I am not particularly concerned with the exact value of the
voltage chosen. whether this be called 4800, SOU(), -').')U(), or 6000,
since by the terny “5000 volts” 1n the paper. T have intended ko
inciude anything in this range.  The fundamental point which
T have been tryving to make, is that semic voltaze in the neighbor-
hood of 5000 should be generaliv recoguized as a stasdard for
heavy cléctric traction so that d-c. clectrifications can be in-
stalled with some degree of uniformity, instead of on a basis
which will give each one a vcltage just enough higher than its
predceessor to be diiferent withous being bufﬁmently high to
be adhered to in the next case.

Mr. Schwartz is apparently possessed by the same fear which
Mr. Townley has expressed, that standardinsion tends to limit
progress. 1 believe I have covered his points sufiicicniny in
replying to Mr. Townley’s remarks.

In referring to the discussion presentcd by Mr. Armstrong
the first thing to be done is to free oneself from the confusicn
created by bis way of grouping 2400 and 3000 volts together as
though they were one and the sa une, instead of being different
systems, sullicientiy Tar apart to be entirely distinet and vet so
close together that, as emphasized by Mr. Potier, it 15 unfer-
tunatc that we have both of them. Taking up his un\Lwo“,
then, as to what has discredited these two systewns for heavy
cleciric traction, I would reply that _as far as the 2400-volt

_system s concom(,d H1 . Armstrony imsell diseredited it by

n[n!o ssly_ahamtoning 1t in favor of 3000 volls when the first

real railroad was presented to Lun Jor clectrilication.
TAT O The 30U0-volt system, nothing has as vet  discredited”
b, The St. Paul electrification at 3000 volts is a mac mﬁcent
jecC BT WHTK, but so 15 the New York Central cectrificati
SIS, and there is no more reason Lo suppose now that the
former represents the magic miv of vollege for minimium cost
than there was o fow years ago to suppose the same thing about
the New York Central. T helicve, in {act. that if Mr. Sprasuce
would hunt up the bibliography with even a small part oi the
assiduity he Fas used in preraring his dizcussion, he could show
that oniy a few vears 2: ¢ Armstrong himself was just as
positive that the 650-volt Sy stem was the orly rational way to
electrify o railroad, as he now :s shat there is no possibie reason
for using more than 3000 =usits. I have great hopes, therefore,
that Nr. Armstmngr =1 keep on raising fus veltage and that if
we give him sufficie-, wume, it will sooner or later reach 3G¢0.
1 wiil herce w asse no effort in trying to convince him now.
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0B pocar for 35.000
‘

~nee with 5000-vor

Whilc it is true that the operation of ope-i
miles constitutes the sols cenrmereat exan

direct current, this is 2 toneh crenter excsonee than was avail-
able \\'hvn the l?\‘fi{: Hine wie it Lo opers oo alavaltaps e 1200
inetead of GO0, oF whes the first deetri e ton was vnderiaken
using 21040 \zl)ll\. intle ui G200, Frone s standpoint, Lhere-

-|>I\r cood shape.

Tore. the maller seems in me e
YL oy seem atline :; ', covs M \r:‘.u.\‘l.r()n_s:.“‘Lo ;'..‘.\\':1}'.\'
consider Lhe use of ‘Ull - her \nl-‘wu “al Lo e it degidediy
dees not secem aliictive wed du s i the (?.mt Lo set others think-
ine of the obvions discadviniage of suel o srocedure that all of
my cnergies have heen ebeds o g period .rcruucl 10 in
thie herinning of the pajres, 500 volis was i (‘:\'t(lzl)llﬂh("‘d standard
for clectric rathvays, =0 thal fan eicew reilway™ meanl a
6C0-volt d-c. electric 1':—15.1‘.-.-ay. This parucuetar stuln('.'xrdzl'/,a,tmn_
on 600-volt dircet curreit, was not brou"h' about by action of
the A. I. . B, or any stlar hody, dut by eeneral recognition
of the merits of the case by manufacit ors and users "ol the
apparatus. [t was n(,\"*thLlc& very ¢ luctive. When it \'t"l‘s
proposed to build or egaip a given line ki those davs there swas
1o qucsMon as to VolLa o systew, Lo c*m fse the main issue
+F whether the wouik sho rid or should 1ot be nndertaken. an vl
it was duzing this period 1t maost of our mu-cnt city and inver-
urban railways were buiis ]

To establish the same «: yaditions in the field of heavy traction
at this time, is of course a much move wiflicult mattes. but
there is no question th . rhe advantage o all u‘n(u‘ncd would
be egually great could Leis be done. [t wolmy idea that sueh
a sta nc.axdl/,nuon conld Tws brought abour by any resolition or
recominendation of the :L‘!Luue, and in s L_qcstm'f vhe adoplion
of a standard I had no suach action in mind, [ \L‘mddrmuat‘on
comes, it must be by a general consensus of opinion, as i the
case of 600 volts. and 1n\ real object has been to start such an
1dea. o _ )

Most of the S])(,dk(‘l\.. wio took part i e discussion seem
to have allowed themscives to be misled i the difiiculty ol the
ptoolcm Not seeing aixy way Lo bring o out Sl_l(,h a &L.mdmd'
ization of voltage immecic welv, they have felt foreed to speak
against the necessity or he desirability o7 it No gread work
18 ever n(cmvrw:nod however, without i «reat deal of tho 1wt
and p‘annm" and drcainming lovw in adveoce of the realization,
and 3l [ aave succeeded in alarting some of fiis thought or plan-
ning or dreaming, 1 will Lol that the fiest feps bave been taken.
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