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THE COST Oé:UEIEJE%LﬁQ\lI%IALINfROPELLED

By H. M. Hobart,LLondon, England
Non-Member

51 Electrical propulsion permits of increased speed and capacity,
religves congestion, and increases revenue, for suburban passenqer
traffic, and permits of the retention of steam-locomotive methods Tor
Ior%%-dlst,ance traffic. _ _ _

Ditferent systems of electrical propulsion of suburban trains
var g{reatly as régards the capital outIaY per train and also a re-
gards the consumption of electricity per train-mile; consequently in
any project for electrical working, it'is necessar?;, not only to compare
eléctrical with steam locomotive methods, but also to compare
alternative electrical methods. | . _

53 . Preliminary cost estimations are facilitated by assuming that
the railway purchases its electricity from eIectncn%-suppIy companies
who themselves own all works up to. the distributing System and
wgonsupply the electricity in the form in which it is conisumed by the

|

frain.
54 The chief items of cost, which are different from those en-
tailed by steam-locomotive methods and which are different with
ifferent electrical systems, are;
a The cost of the electricity.
The annual charges for the rolling stock, _
¢ The cost of the d,|str|but|nH system (overhead trolley line
or conductor rails and the feedersg between the points
where the electricity-supply company delivers the elec-
tricity, and the trains. o ,
For the purposes of the ga er the assumption is made, with reserva-
tions, that item ¢ is independent of the particular electrical system
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880 COST OF ELECTRIC SUBURBAN TRAINS

employed, and the estimates are narrowed down to items a and b
which; for suburban passe,n?er trains, usually absorb some 35 to 40
per cent of the gross receipts. _ _

55 The two electrical systems subjected to co,m_Parlson are the

systems employing series-wound, continuous-electricity train equip-
ments, termed thé continuous System, and the single=phase system.
Continuous equipment provides, per ton of eqmﬁment, 1hp. at
the axles, averaged over the JOUFHEP/, as against 6 n.p. per ton in the
case_of single-phase equli)ment. n both cases the cost is some
£125 per ton of electrical equipment. For a service where trains
pass in each direction at intervals of some 12 to 15 minutes, repre-
sentative figures for the cost of the electricity as delivered to the rail-
way comé)any In the required form, that 15, from the Sub-stations
are: 0.87d, pér kw-hr. for continuous electricity and 0.70d. per kw-
hr._for single phase-electrlut?/. ,
. 56 Taking into account that the total consumption, after allow-
ing for non-remunerative train movements and for unavoidable
departures from the regular time-table, is some 30 per cent greater
than the consumption per recorced train-mile, the cost of electricity
per recorded train-mile is, for 180-ft. trains, shown to amount, for
single-phase trains, to from 10d. to 15d. per train-mile, and for con-
tinuqus trains, to from 10d. to 13d. per train-mile.  The lower values
are for a_22-mi. per hr. 1-stop per 0.88-mi. service, that s, for a
comparatively moderate service; and the higher values are for a 30-
mi. per hr. T-stop per 1.32-mi. service, that is, for a decidedly severe
Service,

57 The annual char?es for the rolling stock for these two services
amount to from 8.6d. to 10.5d. per trdin-mile for the single-phase
trains and to some 6d. per train-mile for the continuous trains.

58 The cost of the eIectrlutY plus the annual charges for the
rolling stock, that is, the sum of the above two, items, i, In the case
of single-phase trains, some 3d. higher Reruram-mlle for the mod-
erate service and some 6d. higher Tor the/severe service, than the
corresponding costs for continuous trains.

59 lemq ideas by assum,mq the gross receipts in these cases to
be 50d. per train-mile, the single-phaSe system, compared with the
continuous system, absarbs, for'the two items in which the selection of
the particuldr electrical system affects the question most greatly, 6
per cent more of the grosS receipts in the case of the moderate Ser-

vice and 12 per cent'more of the gross receipts in the case of the
Severe Service.
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60 The estimates worked out in the Paper show that, for sub-
urban Passenger traffic, the continuous system has very decided com-
mercial advantages over the single-phase system, and these advan-
ta%es are greater the more severe the service. that Is, the %reater,th,e
schedule speed and the shorter the distance between stops. ~ This Is
the precise class of work where electrical methods afford to railways
commercial advantages which are unattainable by steam locomotive
methods. For services where_ there are many miles between suc-
cessive stops and where a considerable time elapses between the pas-
sage of successive trains, the use of steam locomotives permits of
commercial advantages which are unattainable with any electrical
systems comprising the feature of transmitting the energy to the train.
6L Preliminary Considerations, The commercial aspects of apply-
ing electricity to the propulsion of suburban trains involve many fac-
tors and the thorough investigation of an% one of these factors re-
quires careful study.” In the present paper the author’s aim is to focus
attention chiefly on the rolling stock, but it must not be inferred that
he implies that the other factors affecting the total cost are of minor
|m_i)o tance. It |s_absoluteI?/ Insufficient™to approach the subject of
railway electrification from the standpoint that it resolves itself into
a meré question of contrastm? electric propulsion with steam loco-
motive propulsion.  Were it not for conditions relating to . the
Iarqe, amount of capital already invested in steam railways, it is
certain that the merits of electrical methods, would, so far as con-
cerns suburban passenger traffic, lead to their q_eneral adoption.  But
the great cities of the World are already very Tiberally suPplled with
steam railways which, in addition to much’ other important traffic,
at present handle the suburban passenger traffic for which electri-
cal methods have, on many occasions, been demonstrated to be
especially appropriate. ,

62 Let us however, conjure up the hypothetical case that Lon-
don is served b%/ all but gne of the older of the several great railways
now entering it, and which are all of proven necessity: and that the
PFOJGC'[_IS mdoted of adding this one urgently needed railway. Under
hese circumstances the adthor doubts if there would now be found
more than a small minority of railwa _en?lneers who, in the face of
the demonstrated successes of electrical methods of propulsion,
would advocate that the suburban passen?er service of this new
railway should.be handled by steam locomofives. The new terminus
would”probably be de5|?ne_d and e(impped so that the suburban
traffic would consist exclusively of electrically-propelled trains. It
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IS equaIIY probable that beyond some 25 to 30 miles from Londonthe
through trains would be drawn by steam locomotives.  The through-
goods'traffic would also be operated by steam |ocomotives. As to
whether the long-gistance trains should leave the terminus behind
steam or electric locomotives is less apparent, and is, furthermore,
a matter of secondary importance, since the presence of a certain
number of non-stopping, steam trains Is entirgly consistent with
the maintenance of an &ffective service of electrically-propelled sub-
urban passenger trains. ConsequentI?/ it would not require any
drastic alteration of methods gradually to tend more toward steam or
moretoward electricity for 3prop,elllrag he thro_u%h trainswhentravers-
Ing the tracks within the 30-mi. radius.  This ypothetical case has
5|mp_lgl been cited in order to emphasize more formbl}g the generally
admitted fact thaf it is no longer a questionof whether, in"electric-
Ity, there has arrived a better “agent than the steam locomotive for
the handling of suburban traffic. On the contrary, the exclusive
though often amply sufficient reason for delay in feplacing steam-
locomotive methods by electric propulsion, 1S, so far as concems
the suburban passengér traffic, nearly always related to the large
capital, expenditure involved in effecting the change. ~ For not apply-
ing. electrical methods to other classés of rajlway traffic there is,
S0 far as relates to Greaf Britain, the best of all reasons, namely, that
steam is, at present, in almost all instances, more economical.
The presence of frequent tunnels may afford the chief reason for
adopting electricity on a fggve,n section, owing to the elimination of
smoke dnd steam.” But if'it is proposed to employ a bare 6000-volt
overhead conductor for supplyln? he trains, the presence of tunnels
of small dimensions may arford the most cogent' reason for adher-
Ing to, the steam locomgtive. Heavy grades are much more readily
negotiated by electrically-propelled” trains, and consequentl,)(, for
mountain lines, there is an additional, incentive for substituting
electrical Propulsmn for steam-locomotive methods. In countries
where coal is scarce and water power abundant, as, for instance, in
Sweden, Italy, and Switzerlana, the general electrification of the
railways may be a thoroughly sound proposition, but the distinction
betweén the conditions in Britain and in the countries cited is

obyious. , _ _

63 . In view of the circumstances, the question of the relative cost
of various electrical systems of op,eratmq suburban lines becomes one
of great Importance. AIthou?h it would be premature to deny the
claims of certain further systems of electrical propulsion, the” two
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systems which are, af the present time, chiefly commanding attention,
are the systems employing on the trains continuqus-electricity motors
and sing e-Phase motors respectively. . With a view to concentration,
only thése two systems will be taken into account. , ,

4 The conventional methods which are employed in analyzing
the expenses of operating steam railways involve, when applied t0
estimates for the electrical operation of railways, a_considerable
degree of obscurity and lead to misunderstandings. The obscurity
Is Often intensified by any attem Pt to adapt these methods, by slighit
modifications, to thé new conditions attending electrical operation.
For the particular mvestlgatlon which constitutes the object of this
paper, 1t will conduce to cléarness to break away c_omﬁletelyfrqm these
conventional methods of analyzing costs.  This is the more justified
since the p\%;)er deals with brodd comparisons, leading to broad general-
izations. Were it a question of final and detailed estimatesthe method
em60oned In this paper would obviously be inappropriate.

5 “Arailway is an undertaking of stich magnitude that, with the
extensive adopfion of electricity for 'nropulsmn, it would often be In
the interests of economy for the railway to provide and operate ifs
own electricity-supply stations, and thus save the profits which would
be included ‘in the “prices at which_ electricity-supply. companies
would be prepared to'sell the eIectrlcn_){. Nevertheless” it is electric-
ny-suppl%/_ companies, and not the railways, which are af present
In' a position to suRpIy_a railway’s requirements to best advantage
and In view of the Circumstarice that an smqle rallway almost
always traverses districts served by many ditferent electricity-supply
companies, it is highly Pro,bable thiat for ‘some long time to Come, &t
any Tate, a railway would, in many cases, be best sefving Its own inter-
ests by purchasirig its. electricity from electricity-supply companies
and municipal electricity-supply” undertakings. 1t IS b%/ no means
necessary for the author to Irivestigate this question further, but
merely to state that in this investigation, he will assume that the
railway not onI){ purchases its electricity from independentundertak-
Ings, butthat it Tooks to these independent undertakings to provide all
trdnsmission lines from the points, where the electricity is generated,
and also to provide all the sub-stations, thus delivering the electricity
at the required points on the railway company’s premises in the form
In which it is collected by the trolley-bows or Tail-shoes carried by the
train, The sub-stations are thus the property of the electricity-
suBPIy company. The railway is, however, theproprietor of all tiie
cable$ and Structures intermediary between the Sub-stations and the
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trains, The railway, in that it owns the property on which its tracks
are laid, possesses & qreat advantage over electricity-supply compan-
les since it can construct its transmission line, whether overhead_ or
underqround, withqut conforming to so manY sometimes obstructive
requlations, and without payment for way-leaves. B;i cooperation
in"extending these advantages to the eIectnuty-su_pBy companies
from whom it purchases the electricity, an appreciably lower price
should be obtained. These structures may consist in ‘an, overhead
trolley system, or in conductor-rails, togéther with in either case,
the neceSsary feeders. When the single-phase system is employed,
the sub-stations may contain stationdry transformers or they may
consist simply of builldings provided with high-pressure switch Pear
for controlling, the inter-connections of the various sections of the fine.
When the trdins are equipped with motors operated by continyous
electricity, the sub-stations will be more numerous, and they will be
provided chiefly for the purpose of housm? motor-generator sefs
~transform,|n_(g the high-pressure polyphase. electricity “received from
the electricity-supply station, into thie relatively low-pressure contin-
uous electricity required at the train. . The price charqed bY the In-
dependent eI_ectrlc_ltx-,suppIa/ undertakings will be for the electricity
In"the form in which it is delivered froni the sub-stations, and owing
to the greater cost and lower efficiency ofthe sub-stations whensupply-
ing contlnuous-electrlmt_){, the railway, will be obliged to pay a higher
Prlce for a given_quanti %/ of electriCity when it 1s in the Continlious
orm than when it'is in the single-phase form.  Prices arrived at by
experience on a large scale are fow quite well agreed upon for elec-
tricity in these two forms. - While these prices vary greatly according
to the price of fuel and various factors of like nafure; and while they
also0 var%/ tgreatly with the nature of the load, they can nevertheless
be estimated with certainty in any particular case. By allocating
to the eIectrlcny-sup?ly company the burden of prowdln? the trans-
mission system Up to the sub-stations, and also the sub-staigns, legiti-
mate simplitications are introduced into the calculations, since thiere
are in Great Britain many electricit -supp]%/ companies who are pre-
pared to promptly quote prices for electricify as aelivered at the out-
?om cables front such sub-stations. For given conditions as regards
oad actor and price of coal and water, the market price of electficity
has for some time been quite a definite quantity. _

. Thus, so far as the outlay for electrical apparatus and equip-
ment is concerned, this method of comparlson_leads Us to the definite
proposition of estimating the cost of the rolling stock and the cost
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of the structures alonlg the ling, intermediary between the sub-stations
and the trains. While the_cost of these strictures has, up to the pres-
ent, been hlgher with the smg,le-Ph_ase than with the continuous system
the author does not propose In this paper to discuss these differenes,
but he will, on the contrary, assume that the outlay for this portion
of the work is the same for bath systems. ~ As to_the ¢osts of the trains,
estimates for each sP/stem will bé made, since in this respect the two
systems differ greatly from one another. =~ _ ,

/  To fiXideas, the author will confine his comparisons chiefly to
trains consisting of three double-bogie coaches. It is well known
that, under reasonably favorable conditions, such trains usually
yield gross receipts of some 40cL to 60d. per tram-mile. The cost ofthe
electrmt}/ required for the propulsion of the trains, together with
reasonable estimates for the capital charges for the trainS including
the outlay for their depreciation, repairs and renewals, make up an
aggregate Per train-mile which is usually of the order of from 35, to
4 %er cent.of the amount of the gross réceipts. Into the disposition
of the remainder of the gross receipts it is not proposed to enter, since
taking the electrical structures along the line,that is, the equipment
intermediary between the sub-stations and the trains, as representing
the same outlay, irrespective of the particylar system of electric trac-
tion adopted,. the disposition of this remainderwill be substantially
the same, whichever system is employed, and hence does not materi-
ally affect the results 1n a comparison of systems, 1t is to the appli-
cation of that portion of the gross receipts, Toughly 35 to 40 per cent
or thereabouts, the precise amount of which is serjously affected by
the selection of the service.and of the system of electrification, that
the author will direct his investigations. |t may be said that he is
%L_JIH of comparing alternative systems of electrical operation to the

isadvantage of the interests of electrical operation ingeneral, but he
does not admit this to be the case. On the contrary, & correct inter-
pretation of his results will show that his object is {0 consecrate each
system to its appropriate purpose, and to admit fully that for long-

1This is the 0n|¥ electrical item which is not included in the comparisons
and since itwill introduce no serious error to take this item as _mdegendent of
the particular electrical system adopted, the author considers it preferable, in
this investigation, to grodp it with the various non-electrical items, Including
net profits, which make up the remammfg 60 to 65 per cent of the gross receipts,
and which, d|_rectlr, are independent of'the precise electrical syStem adopted,
although Indirectly they may he apﬁremably affected. For instance, the
design-and weight of the'train"affects the permanent-way outlays.
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distance thrquglh trams, steam-locomotive methods are superior
(] an¥ electrical methods as at present developed. For high speeds
with frequent stops, while both the single-phase system and the con-
tinuous system have long been recognized to be adequate as regards
their engineering featyreS, the formér entails, as he will endeavor to
show in"this paper, distinctly greater outlay and distinctly less net
earnings. He will also endedvor to show that with decreasing speed
for a given distance between stoPs, or with increasing distance be-
tweenstops for a given speed, the disabilities of thé smqle-phase
system become less acute,  The determination of the point beyond
Wwhich the uses of the smgale-phases stem will conduce 1o greater net
earnings than can be obtained by the system employing Continuous
electriCity at the trains, is, however, nof within the_fange comprised
by the slbject assigned to the Joint Meeting for discussion, namely

e Electrification of Suburban Railways, and hence cannot appro-
Prlately be dealt with in this paper. Quite aside from any question of
the relative merits of alternative systems, the author would be pleased
if the results which he has deducéd as regards the cost of the rolllng
stock and of the electricity consumed in itS propulsion, should be foun
useful in dealing with electric. railway myestl?atlons.

68 The severity of a train service is a function of the schedule
speed and of the distance between stops. For a very severe Service,
many of the train axles are often driven by mators; while for more
moderate services it suffices to concentrate the driving power upon but
a few of the axles. In eliminating the locomotive and placing the
motors under the passenger coaches, the space available for the motors
is rather restricted, and the plan of distributing several relatively
small motors.on several axles is more often a Consequence of this
space limitation than of any regard for qbtaining greater tractive
effort b%/_the (reater total weight on, the driven axles.” Although this
latter object-iS always kept in View, it may be said that even the high
acceleratjons emPloyed_ on electric railways rarely require so great
a subdivision of the” driving power as is, for severe services, ustally
resorted to, owing to_the space limitations. _

69  Analysisof Two 150-ft. Trains. The author proposesfirst to an-
alyze the design and performance of two_150-ft. trains designed for
about the sanie average output, and, similar as regards the Capacity
and distribution of the electrical equipment. In the'two 150-. trains
which have been selected for this analysis, only two motors are em-
ployed, and these drive two of the four‘axles of a motor coach. Each
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of these 150-ft. trains com%rlses three 50-ff. Lcoaches, of which one i
a motor coach and the other two are trailer coaches. Thus out of
the twelve axles, only two are driven. The first of these two trains is
a type designated A, which 1s empIoYed on the Picadilly-Tube Rail-
way in London and weighs 61 tons; the second Is a type designated
C, which 15 employed on the Heysham, Morecambe ‘and Lancaster
Branch of the Midland Railway and weighs 77 tons, The service for
which the 61-ton Piccadilly-Tube train 15 employed requires a sched-
ule speed of 16.4 mi. per fir, and the runs are of an average distance
of 0.45 mi. between stations. The 77-ton Heysham train has a
schedule speed of some 3L mi. Per hr., and there is an average distance
of 4 miles between stations. [t might apBe_ar at first sight'that these
two Services are not comparable,” but brief calculations are qlven
below, showing that the average output to the axles is just about the
same In the two cases. Furthermore, the average efficiencies of the
two electrical e,qmFments do not differ bg more than 5 per cent at the
outside, This is also the case as regards the efficiencies in the two
cases of 180-ft. trains, examined in_a later section of this paper, and
with a view to avoiding a discyssion of so unessential a matter as
a few per cent differencé in efficiency, the author has, throughout his
comparisons, employed the mean value of 70 per cent. His examina-
tions indicate that in_no one of the four cases (that is, the two 150-ft,
trains and the two 180-ft. trains) Is the average efficiency of the elec-
trical equipment on the train for the services for which the trains are
emplolyed greater than 72 per cent or less than. 68 Per cent; conse-
quently the employment throughout of the value of 70 per cent is
amplyexact and is'in the interests of simplicity. The two particular
instances of fwo-motor 150-ft. trains have been taken because precise
data of their design and performance are available, and becausg,
while they are equipped for about the same average output, one train
carries continuous-electricity e(impm_ent and the Other carries smqle-
phase equipment. For the 61-ton Piccadilly train, the output of the
eqmﬁment averaged over the entire time, including stops, is 87 h.p..
for the 77-ton Heysham train the corresponding figure 1s 90 hgp. The
total weight of the electrical equipment in the two cases is 8.0 tons
and 1497tons respectively. This estimate of 8.0 tons Is somewhat
In excess of the weight ustially assigned to the equipment of the Pic-

1_Throu<l;hout this paﬁer, it has been convenient to take as the length of the
train the Tength of each coach multiplied b;{_ the number of coaches, thatis
the length corresponding to buffers and couplings has not been included.
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cadilly-Tube trains. The figure usually gilven Is 7.3 tons, butthe author
Prefers to take 8.0 tons sirice the weigh of_auxmarx_eqmpment tends
0 gradually increase in successive installations. This Is because with
the. development of electrical methods, refinements are introduced
which were_not deemed necessary in the earlier work. This estimate
0f 8.0 tons is ample to cover air-compressors and governors, all cables,
slate switch-panels, collecting shoes, and shoe-beams for both trucks
of the motor-coach, steel-tubing bolts, cleats, etc. The estimate of 149
tons is for the Siemens Comﬁany’s equipment as insfalled on the Hey-
sham train. In each case tne Service is that for which the equipment
was selected. In both cases, the capacity of the motors is p[obabl%/
sufficiently liberal to permit that the motor-coach, with its equipment,
may haul three trailers instead of two, for considerable periods. In-
deed four-coach Piccagilly trains have been found by tests to be well
within the caﬂauty of the two motors of a single motor-coach, But
nevertheless the use of two trailers per motor-=coach is, both for the
Piccadilly and the Heysham lines, the normal case. In each case the
ultimate temperature”rise in reqular service is of moderate amount.
Whereas, in the case of the Piccadilly-Tube, train, forced draft is
not emplgyed, the motors on the Heystiam train are only maintained
at a sufficiently low temperature by emplo qu,forced draft. Con-
sequently the |%htn_ess of the continuous-electricity equipment, as
compared with the single-phase e(1U|Bment of the same average ouf-
put, is the more marked. "It should be_ further borne in mind that, in
endeavoring to ke,eﬂ down their weqht, single-phase motors are
designed with a higher speed, in_ revolutions per minute, than has
been' considered good practice with continuous motors, and the re-
quired speed at the train axles is in single-phase trains obtained by the
interposition of undesirably high gear fatios.. Thus we have: Avérage
output in service per tons of electrical equipment

8Z = 109 h.p. for the Piccadilly train
and '
90 - 6.04 h.p. for the Heysham train

The calculations are set forth in parallel columns in Table 3,
In these calculations, as also in those in Table 4, the values for the
energy consumption per ton-mile correspond with the representative
valugs given in Table 9, and represent the consumptions under the
conditions of test runs.  The question of the additional consumption
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to allow for the conditions of routine service, is introduced in a later
section of this paper. _ _ _

10 Analysis of Two 180-ft. Trains, Having now examined two 150-
ft. trains composed of one motor coach and twq trailers, let us tyrn
our attention to two trains for more Severe services, The two trains
which the author has selected for his purpose are each 180ft, in length
and are each composed of two motor coaches and one trailer coach.

TABLE 3 AVERAGE OUTPUT IN SERVICE PER TON OF ELECTRIC EQUIPMENT
ON PICCADILLY AND HEYSHAM TRAINS

Piccadilly Heysham
Train Train
NUMDErOT MOLOr-COACNES.....ooovvrrrevnssisssssssssmssssssssssssssssssssssssssses 1 1
Numberoftrailer-coaches............. et ————— 2 2
Total numbei of coachesinthe train.. 3 3
NUMDErofMOLOrS.....oveevevvssrerrrsn 2 2
Total number of axlesin thetrain....... V) L
Number ofaxles driven by MOTOTS ... 6 2
) , 15 150
WeIghtof train tONS...ovvvsvs s 6l 1
Schedule speed, (a) M. P AT 164 310
Distance Detween Stops, M ... ewwerermsrserns 045 4
Energy consumption perton-mile, watt-hr.. 93 4
Energypertrain-mile, (6) kw-hr 967 3.08
Averageinputpertrain (= a X &), KWe..voerserserrrsns - 93.0 95.6
Avera?e_ output from mators to axles taking average efficiency of!
electricalequipmentas 70percent, N.p..eecceesersnnsnn 87 90
Welghtofelectrlcale(impment,to_ns .......... e —————— 8.0 14.9
Average output per ton of electrical equipment, N.p...ecvrrne 10.9 6.04
Ratio ofthese twoaverage outputs perton of electrical equipment— 104 =181

1The eIthricaII¥-ef1uipped rolling stock on the Heysham line comé)rises three such trains, Their
agPregate mileage Tor the year ending June 30, 1909, was onIXESO,OO miles, or an average of only 79
m.ﬁer tramPerda}/. At3Lmi. per hr. this works outatonly 2£hr. pertrain perday. In the analy-
sis, nowever, the authar is crediting the Heysham trains with having an equleentadequate to work
to a schedule speed of 3L mi. per hr” for many consective hours. Thé Piccadilly-Tube trains do this,
day after day, asmglet_ram often maintaining its schedule speed for 18consecutive hours and cover-
inginthattime 300 miles.

Each coach is 60_ft. in length. Each motor-coach is_equipped with
four motors, making up a total of eight motors per train. Thus eight
of the twelve axles of the trains are driven by motors, whereas in_{ne
two former trains onlﬁ two, out of the twelve’ axles were driven. The
first of these two 180-ft. trains is of a t%/pe which may be designated as
B, and which is employbed on the Southport ling, and’the second which
maY be deaﬁnated as D, and which is one of the trains now operating
on the Soutfi London Elevated Railway. The trains ate thus some-
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what longer and are much heavier than those which we have examined
before. The weights of these two 180-ft. trains are respectively 118
tons and 138 tons.  The Southport train runs at a schequle speed of
30 mi. per hr, and the avera?e distance between stations 1 1.32
mi. The South London elevated train, which_ will be demgnated the
S.L.E, train, runs at a schedule speed of 22 mi. per hr., and the aver-
age distance hetween stations is 0.88 mi. The striking similarity of
these trains as regards their length (180 ft.), their seating capacity,

TABLE 4 AVERAGE QUTPUT IN SERVICE PER TON OF ELECTRIC EQUIPMENT
ON SOUTHPORT AND S. L. E. TRAINS

South London

Elevated
Train

N UMBDErOfMOLOr-COACNBS ..vvvrvrsersrrsrmsersenssmsssssssesssssessessnens 2 2
NUMDET OFtrailer-COACNS........vvvrsrvrsrsrrsmsmssesmesssesssssns 1 1
Total numberofcoaches INtErAIN ..vevovcevevrrrsrsrsserrssesnns 3 3
Numberof motors.......c.eves e 8 8
Total numper of axles in te traiN .....wcevewsvsmmvsmesmessmsesrnn D iV
Numberofax|esdriven by motors 8 8
o Y 180 180
Weight of train, 100S......rveees 118 13
Schédule speed (a), mi. per AT ... 3 2
Distance between Stops, Ml..........c..... 132 0.88
Energy consumption per ton-mile, Watt-hr.... .o % 7
Energy consumption_per train-mile (6), KW-Nr.ovvrscsrsesrsn 113 109
Average input pertrain (= @ X b), KW oo, — 30 240
Average output from motors to axles (taking average efficiency of

electrlcalequlpmentat70 percent), N.p...voronen 319 25
Weightofelectrical equipment,tonS.. ..o
Averageoutputperton ofelectricalequipment, h.p 106 512
Ratio ofthesetwo average outputs perton of electrical equipment__ éolg 207

and the proportion of mator and trailer-coaches, has led to the estab-
lishment of comparisons between them. But these comparisons have
usually been of an utterly superficial nature. It has been said that
since in the case of the Southport train the StQES are less frequent and
the speed is higher, the severity of the service IS substantially the same
as in the case of the S.L.E. train, and it has been assuméd, though
alto%ether_lncorrectl , that the more frequent stops in the case of the
S.L.E. train offset the greater speed in the case of the S_outhPort
train, The author has, however, Pomted out on varius occasions that
this 15 ot the case. On the contrary, the power which is required at
the axles in the case of the Southpart 118-ton train is 42 per cent
greater than the power which is required at the axles for the S.L.E.
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138-ton train, notwithstanding the 18 per cent greater weight of the
latter train, and the power required at the axles, per ton of total train
weight, s no less than 65 per cent greater for the Southport service
than for the S.L.E. service. Some engineers are doubtless well
aware of the erroneous character of the ‘assertions which have been
made in this matter, butit is probable that other engineers have un-
?uardedly acceﬁted the assertions, and have concludéd that for prac-
fical pur%oses the two Services may be regarded as substantially equal
In Severity.

il Th)é service performed by the Southport 118-ton train re-
quires of the electrical eqmpment an output to the axles, avera?ed
over the entire run, of 319 h.p,, whereas the relatively much fess
severe service of the S.L.E. 138-ton train re(iuwe_s an output to the
axles of only 225 h.p.  The weights of the electrical equipments in
the two cases are, however, 30 arid 44 tons respectively.. The average
horsepower output to the axles per ton of electrical equipment, works
out respectively at 10.6 h.p. for the Southport train, and 5.12 h.p.
for the S.L.E. train. Asa matter of fact, the Southport trains operat-
Ing to the schedule in question, while ‘still comprising two motor
coaches, each equipped with four motors, very frequen lY have two
trailer coacnes, and it is consequently very conservative 1o take the
three-coach train as representative of thé capacnyrof the electrical
egm ment of two motoy coaches. In the Board of Trade returns for
1908, the electrical train service on the Southport line is given as
1.490,000 train-miles and 5,120,000 car-miles.. The average frain
thus comprises 3.4 coaches, which more, than justifies the author’s
standpoint. Possibly also the S.LE. equipmenthas a similar margin
of capacity. Whether or no this be the case, it is as well to base, the
comparisons on the three-coach trains in each case, although this Is
_deudedIY less than the normal train for the Southport ling, Whereas it
Is the standard type of train operated on the S.L.E. Railway. In
Table 4 these calculations are set forth in parallel columns, _

72 1t will be qbserved that the average output per ton of electri-
cal equipment varies ﬁreatl_y inthe four cases which wehave examined,
and guestions natura )(]arlse as t0_the cause of these great variations.
|t might be suggested that the variations are attributable to diverging
views as to correct methods of design. As it happens, however, thé
equipments were supplied by four different manufacturers who are
among the half-dozen firms who probably have the greatest experi-
ence in the manufacture of electric railway ecim ments. Denoting
the four examples as A, B, Cand D, we arrive at Table 5.
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73 Engineers familiar with the relative standing of the leading
manufacturers of electric railway apparatus, are well aware that each
of these four firms have resqurCes of such magnitude that they are
all on a substantlalley equal footing as regards ability to_groduce the
best, lightest and cheéapest apparatus for the purpose in view. Cone-
quently we must seek some other explanation for the striking differ-
ence in'the results set forth in Table 5. The two first results aré within

TABLE 5 COMPARISON OF AVERAGE QUTPUT

Example %Ygé?ﬁga?gapu%r%eerngoﬁpOf Hallway Manufacturer
A 109 Piccadilly B.T.H. Co.
B 106 Southport Dick, Kerr & Co
C 6.04 Heysham Siemens
D 512 S.L.E. AEG.

3 per cent of each other and the last two_results are within 18 per
cent of each other. That the S.L.E. equipment works out at only
5.12 h.p, per ton while the Heysham equipment comes to 6.04 a.p
per ton, is satisfactorily explainéd by the circumstance to which allu-
sion has already heen made in the fodtnote to Table 3, to the effect that
the Heysham train only averages (over the_wholeyear) some 28 hr. of
service’ per day whereas the S.LE. trains will doubtless average
(over the 365 days in the year) at least twice this number of hours of
service per day, It is stated that for the S.LE. line, “the mileage of
each train service varies between 250 and 500 miles per day.” “The
mean of the first two results is 10.8 h.p. per ton, and the mean of the
last two results is 5.6 h.p, per ton, These two values have the ratio
1.93; 1.00.  The reason for this difference in weight of about 2{0 11
that in the first two cases, that is, the Piccadilly-Tube 61-ton train and
the Southport 118-ton train, the_ equipments are designed for, and
operated with,_continuqus electricity, whereas the last two casgs,
the Heysham 77-ton train and the S.L.E. 138-ton train, have equip-
ments designed for, and operated with, sm(ile-phase electricity..

. As rough, but representative values, we may take it that for
a train equipped with continuous apparatus, the electrical e_qu_m_ent
maY, In actual service, and for approved overload and heatlnq Imits,
be Toaded up to an average output of 11 h.p. per ton-weight of the
equipment, whereas singlé-phase equipments can only be Worked up
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to an, average outﬁut of 6 h.p. per ton.1 It has heen asserted that
notwithstanding that the smgl_e-ﬁhase_ equipment for a train required
to perform a 8gven Service, Weighs twice as_ much per horsepower as
the correspondling continuous equipment, this does not seriously affect
the total train welght, since the weight of the electrical equipment cqn-
stitutes (it 1S alleged) only a small part of the total weight of the train.
L et us investigate this asSertion. [n_Table 5the four trains have been
designated as’A, B, Cand D. In Table 6 are given the total train
weights, the welghi of the electrical equipment; and the percentage

which the weight of the electrical equipment constitutes of the total
train weight.
TABLE 6 TOTAL TRAIN WEIGHTS
Percentage
e
- Length  Total  Weight of & El€ClriCa
Designg- - o(fJ_ Train EIe_c?ricaI Equipment
System “Torgir?f Railway Train,  Weight Equ1|pment CfotrplstltTut?sl
' ’ + ofthe Tota
Feet Tons ons Wei%ht of the
rain,
Per Cent
Contjnuous... A Piccadilly 150 6l 8.0 131
Continuous. .. B Southport 180 18 K] 254
Single-phase. C HeI)_/sham 150 T 149 193
Single-phase. D S.L.E 180 138 4 320

75 Comparing the 180-ft. trains, that is, trains B and D, we have
seen that the Southport service IS much the more Severe, yet the
electrica e(impmen_t of the SouthPort train only amounts to 25.4 per
cent of the total weight, as against 32 per cent of the total weight for
the much less severe S.L.E. service. It should be of interest to ascer-
tain how a train of the D type would require to be modified in order
to be suitable to perform thie B service, This and subsequent calcula-
tions will be simplified by first working out, for all the trains, the
average horsepower per ton-weight of train required for the respective
services. This is done in Tablé 7.

11t should be noted that the author is favorin% the single-phase system
very decidedly in crediting it with an average output of 6 hp. per ton, for
this valug is only attained in the case of the Heysham trains, which only
average 2j hr. iri_service per da?/, whereas the S.L.E. trains, which do_an
average of, say, 5 hr. per aay, Yeld_an average output per day of only 5.12
h.p. per ton-weight of electrical equipment.
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criteria of the seyerity of the service, and we see that the Southport

76 . The valugs in the lowest horizontal line of Table 7 are the real
énce 210 - 1 65 65 per cent more average power

per ton-weight of train than is required, for the S.LE. service. The
values in the lower ling of Table 7 are, since the efficiency is the same,
mde'oendent of whether single-phase or continuous apparatus Is
employed. For the Southport service, there must be provided 2.7
h.p. per ton-weight of train. Since we have seen that, with single
phase e%mpment, we obtain 6 h.p. per ton of equipment, we shall

require 7= 045 ton of electrical equipment for every ton of total

weight of train. Thus 45 per cent of the weight of the trainwill con-
sist™of electrical equipment.

TABLE 7 AVERAGE H.P. PER TON WEIGHT OF TRAIN
SYSIEM ottt Continuous Single-phase
Designation of train ...
VLT
Lengthoftrain, ft.......

A B o D
Piccadilly Sout%gort Heysham S LE
150 1 1% 180

Weight oftraln.tons........pwrenes 6l 118 I 1 138
Avefage output during service, h.p. 87 319 90 25
Average output per ton weight of

ULV PR 142 210 L7 1.63

T7_ The motor coaches on the S.L.E. line weigh 54 tons each. Of
this 54 tons weight of one of these motor coaches, Only 22 tons, that
is, only 41 per cént of the total weight of the motor cdach is electrical
equipment, and consequently the motor coach which s at Present run-
ning the S.L.E. service, even with its moors rewound for the required
speed, would not have sufficient capacity, leaving the same marg[m
as on the present S.L.E. service (Par. 717; to accomplish the South-
port schedule with the same heath of the electrical equipment as
In the S.L.E. service, much less could a train composed of two motor
coaches and one trailer accomplish this schedule with normal heatlr%g
and with appropriate overload caﬂacn}/. _In order to work the S.L.E.
180-ft. train to the Southport schedule, its electrical equipment must
be considerably increased in weight. Let W equal the total welght
of the S.L.E. 180-ft. train, in tons, when reinforced to render it ade-
quate for the Southport service. Then the electrical equipment must
weigh 0.45 W, The weight of the S.L.E. 180-ft. train exclusive of
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the electrical equipment, is 138 —44 = 94 tons. Its revised weigiht
when proyided with an equipment enabling it to conform to the South-

port service, will conse(wvently be
=045 X W+ 94
Consequently we have B

, = 171tons
78 The weight of the elegtl{lcal7e7q%upment must thus be
- 94 = 77 'tons

and the electrical eqmgment will be capable of dellverln? an average
output of 6 X 77 = 462 h.p. Thus the equipment of the S.LE.
frain must be increased, as regards IS average output, from the 225
h.p. which sufficed for the S.LE. service, uP to the 462 h.p._necessary
In order that it may accomﬂllsh the Southport service. . This is an
increase of 105 per cent. The revised S.LE. train requires to have
462 h.p. avera_?e capacity as aqainst the Southport train’s 319 h.p.
average capacity, an excess of 45 per cent. This further 45 per cent
serves no more useful 'ourp_ose thanto carry over the route the increased
WEI%ht of expensive electrical equipment made necessary by_the use
of t e_smgle-phases stem. Therevised S.L.E. train weighs.171 tons
as a([qa,ms the Southport train’s weight of only 118 tons. Thus the
result is, that while both trains have the samelength of 180 feet, the
S.LE. train, when altered to be ade%uate to perform the Southport
Service,, welgihs 45 per centmore than the Southporttrain, - Moreover,
the revised Three-Coach single-phase train for the Southport service
would have to consist of tfiree motor-coaches, in place of the two
motor-coaches and one trailer which sufficed to carry the necessary
single-phase equipment to Perform the S.L.E. service.

9 Let us next reverse the above process and adapt the Southgort
train to the S.L.E. service of 22 mi. per hr. and one sto? every 0.88
mile. This service requires, as seen from Table 7, only 1.63 h.p. per
ton of total weight of train. The weight of 163 h.p: of continuous

equipment is only X683 = 0148 1ton, Consequently out of each ton of

total train weight, only 14.8 per cent will consist of electrical equipment
as against the 32 per cent seen from Table 6 to be required when the
S.L.E. service is provided b¥atralneqU|ppedwlth single-phase appara-
tus. Lt us again represent by [Fthe total train weight in tons. ~ Then
the weight of the electrical equipment in tons amounts to 0.148 X W.
The weight of the Southport train, exclusive of the electrical ewlp-
ment, 15118 — 30 = 88 tons. Consequently_W = 0148 X W +
88 = 103 tons. The weight of the electrical equipment of the revised
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Southport train, that is, of the_continuous train capable of workmg
to the relatively moderate S.L.E. service, is only 0.148 X 103 = 15,
tons, or only 51 per cent of the 30 tons weight of the electrical eqmﬁ-
ment required for the Southport train performing the severe Sout
gort service. - Obviously then, were we to operate a 180-ft. train to the
L.E. schedule, employln? continuous equipment instead of single-
phase equipment, we shoufd not require two motor coaches, but we
should make up our three-coach train of one_motor coach and two
trailers. The continuous equipment thus welghs only 153 tons, or-
only 34.8 per cent of the 44 tons required for the single-phase train of
equal length. 1t is interesting to note that this contuous-electricity
train operating on the S.L.E.service is only required to give an aver-

age output of 15,3 X 11.= 1685 h.p. which amounts to only ( ——= J

75 per cent of the avera%e output required of the motors on the single-
phase 138-ton S.L.E. train. _
.80 Cost Estimations, A rough but thorou?hly representative
figure for the cost of continuous equipment for raifways is £125 per
ton. - Single-phase equipment at_ present costs decidedly more, but
for the purposes of this investigation the author will take the cost of
the electrical equ&ument, irrespective of whether it is continuous or
single-phase, at £125 per ton.” Thus for the four trains under con-
sideration, the costs for the electrical equipment work outas in Table 8.

TABLE 8 COSTS FOR ELECTRICAL EQUIPMENT

Bleotrioal Equipment of One Train WTe(')%T Cost Per Ton, T°ta|£C°5t’
Southport service. K] 125 3750
) 153 15 1910
Southport service. m 125 9630
4 1% 5500

As to the cost of the remainder of the train, the estimates will be
based on the following data: o

81 BoglﬁTrucks. The weight of each mg or-trui(k, mcludlnqtruck-
frames, wheels, axles,. brake-rigging, etc., will be taken at 6.5 tons
the weight of each tra|Im_ﬁ11 truck at 5.5 tons. In both cases, the cost

of the complete trucks will be taken at £22 per ton.  The weight of
all the trucks is:
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For a train comprising 3 motor coaches and no trailer (12 driven axles)..39 tons
For atrain comprising 2 motor coaches and 1trailer (8 driven axles)... 37 tons
For atrain comprising 1motor coach and 2 trailers (4 driven axles)....... 35 tons

The cost of the trucks for these three trains is:

Three motor-coaches and N0 trailer ... £860
Two motor-coaches and . 1 trailEr........cccomicevemmemsssssseeesseesssssssneees £815
One MOLOr COACH AN 2 EFAIIBTS..ovvvveseoveveveveressssssseessessssssssssesssesssssssssesssene £770

The weirqht of the three coach bodies, complete with underframes,

brake-cylinders, upholstering, etc., is:

Continuous train for Southport Service............ 118 —30.0 —37 = 51,0 tons
Continuous train for S.L.E. SErvice........oo... 103 —15.3 —35 = 52.7 tons
Single-phase trains_for Southport service............ 171 —77.0 —39 = 55.0 tons
Single-phase train for S.L.E. SErViCe........vv. 138 —44.0 —37 = 57.0 tons

82 For an absolutely consistent comparison, these four cases shquld
have all worked out at’ the same value as regards the aggregate weight
of the three coach bodies. They are, however, so nearly identical,
varying only 6 per cent from the mean value, that their mean value
may be taken as reﬁresentatlve for the weight of the coach bodies of
a 180-ft. train for this type of service. The mean value is 54 tons,

or 2 =18 tons for each coach body. These coach bodies, com-

Plete, may be taken as costing £80 per ton. Thus for all four trains
he ag%gegate cost of the thrée coach bodies, weighing 54 tons, will
80°X 54 = £4320

be .

83 The costs of assembling, and all further costs, will be taken at
f£5 pter ton of train.  These further costs are, consequently, for the
our trains;

Continuous train for SOUtNPOIt SEIVICE.....vwvvvvrrvmssvrsrssssrssssnen 5X 118 = £590
continuous train for S,L.E, SErVICE......cmmmvemssssnssisssssissnsns 5 X 103 = £515
Single-phase train for SOUthPOIt SEIVIC......vvwvvvvrvmsssrsrssssrnns 5 X 171 = £855
Single-phase train for S.LE. SEIVICR.....uvmrvvmmsmmsrsssessrnsnn 5 X 138 = £690

84 The total costs of the four trains are made up as shown in

able 9,

85 Since these trains have a seating capacity of, roughly, one seat
per foot, the two [ower horizontal lines in Table 9 also give afair repre-
sentation of the relative costs and weights per seat. \We seethat forso
severe g service as that at Southport, the cost of a single-phase train

(since 670 1.65) works out to be 65 per cent greater per foot of
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Iength than is the cost of a_continuous train. For the much more
moderate service of the S.L.E. line, the excess cost of the single-phase

train per foot of length is only 51 per cent (Since = 1.51),andthe

Percentage continues to fall with every amelioration in the severity of
he service,

TABLE 9 TOTAL COSTS OF THE FOUR TRAINS

Continuous Train Singlb-Phasb Train

For For For For
Southport S.LE. Southport SLE.
Service, £ Service, £ Service, £ Service, £

815 0 860 815
4320 430 4320 4320
3750 1910 9630 5500

50 015 8% 690
9475 7515 15,665 11325

118 103 1 138
£60.3 £r2.7 £916 £62.1

180 180 180 180
£52.6 £41.7 £87.0 £63.0

.0.655 0575 0.95 077

86 It js usually preferable to reduce weights and costs to the basis
of the we&ht and cost per foot length of train instead of per seat.
Mr. J. R. Chapman, late Chief Engineer of the Under%roundJEI,ectrlc
Railways Companx of London, has also advocated the reduction of
data {0 ferms of the foot length of train, instead of to terms of per
seat, in the followingwords: “The arrangement of seats in a car has no
more to do with eléctrical working than the color of paint used, on
the outside. A car will carry the maximum number of passengers if it
has no seats at all; it will carry the minimum number if itisfiftedwith
arm-chairs, . Somewhere in between these two designs there is a
medium which fits the average conditions which the particular rail-
way has to meet, and | think that as cars vary in Size, and seatmq
arrangfements also vary, the comParlson should be made per lined
foot ot train, or per square foot of floor devoted to passenger accommo-
dation; probably the latter is the best, as it brings into the calculation
the alternative of equipment underneath the car, as on the district,
or equipment in a cab, as on the tubes; the_latter system reduces pas-
senger accommodation but costs less for maintenance.  Otherwise it is
very difficult to effect comparisons, for not only have we to take into
account the varying composition of trains as regards first and third
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class carriages, but there is the further consideration that the policy of
railways difters considerably asto the floor space and elbow ropmwiiich
are allotted to eachpassenger. . Since, however, the average value of the
seats per foot for representative passenger trains of nilxed composi-
tion rarely varies much from unity, the values of the weight and cost
per foot enable us to readily make mental calculations, “as occasion
requires, of the corresponding w,elﬁhts and costs per seat, It is pref-
erable, in all cases, to take theweights of the trains themselves, and to
leave out of consideration the weights of the passengers, Table 10
?lvmg the number of seats per foot of overall length oftrain for several
ypical trains, will be interesting, as bearing upon this point,

TABLE 10 NUMBER OF SEATS PER FT. OF OVERALL LENGTH OF TRAIN

C%rggrorsgliinon Number of Seats Length Seats
Railwa M —M otor- TOF' Fper

Y Coach i 0 vte.roafll

T=Trailbr- 3rd It n

Cosch Class Class  Total Ft.  Length
SOUthPOTt.cvvervrrre Ea%Z M+2T 13 12 200 240 113
b)2M + 2T 218 66 284 240 118
IM+2T7 180 150 1.20
VLT — Im+ 17 4 46 10 120 0.92
North Eastern.......... 2M +1T- 116 70 186 m 1.09

87 The Cost of the Energ%/ Consumed at the Train. We have now
deduced fairly definite values for the weights and costs of the rolling
stock. The component of the total cost répresented by the electricity
consumed_by the train is also fairly definite for a given service. The
consumption at the train is_for a“given service dbout the same per
ton-mile_whether the electrical eglipment be continugus or single-
phase. The values in Table 11 afford a reasonable basis for estintat-
mf(]; the consumption at the train_per ton-mile of actual performance,
when the train Is handled b){ a fairly experienced driver and when it is
running strictly to its time table, and over a well uilt, fairly straight
and level permanent way, Although quite practicable, variations'in
the acceleration and braking may easily occasion variations of 10 Per
cent or more In the energy consumption at the train, nevertheless the
values in Table 11 are representative of the customary results Obtained
under the conditions stated, In the author’s opinion the energy
consumption per ton-mile s, for frequently-stopping trains, very
much less dependent upon the weight and [ength of the train than
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is generally believed. It would be too irrelevant fo the rr])resentdls-
cussion to”enter upon the consideration of this Pomt further than to
state that the energy-consymption values in Table 11are consistent for
test runs with trains coming within the range of lengths and weights
considered in this paper. - _

_ In the case of passenger trains it is preferable for uniform-
ity’s sake to estimate the ton-mileage on the hasis of the weight of
the empty train. The unrecorded ton-mllea_(I;e corresponding {0 the
weight of the passengers carried, together with that corresponding to
shunting operations and other non-remunerative running, as Well
as the increased consumption on occasions when the time table is
disarranged, will usually bring up the total consumption at_thetrain
to a value some 30 per Cent rffrea er than the valyes given in Table 11
This increase Is onI?/ in small part due to the weight of the passengers
since with average loads, the weight of the passengers rarely increases
the weight of the train b?/ moré than some 510 GP_er cent. Inthe
following estimates the author willtakethe consumption of electricity
at the trajn as 1.30 times the values in Table 11 To simplify the
Investigation he will not go into the question of whether the railway
provides its own generating plant or purchases the electricity from
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supBIy_ compan){; but he will merely assume that the electricity
IS obtained at a‘total cost of 0.65d. per kw-hr. as delivered to the suf-
stations’.  Owing to the greater loss in transformation at the sub-
stations and the ?reater cost of the sub-stations, inthe continuous, as
contrasted with the sm?Ie-phase system, he will take the cost of the
electricity as delivered from the sub-stations at 0.70d. per kw-hr. for
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the smgle-ﬁhase system, and at 0.87d per kw-hr. for the continuous
system.” These amounts cover all outla%s, both capital and operating,
Up to the outgoing cables from the sup-stations, The losses in the
transmission system from the sub-stations to the trains are of but
small amount in either sP(stem. To allow for them he will take the
cost of the electricity defivered at the trains as 0.12d. per kw-hr. for
the sm1qle-phase system, and 0.90d. per kw-r. for the continyous sys-
tem. These last increases in the cost simply allow for the electricity
wasted in the process of beln% conve_Yed from the sub-stations to the
trains, and do not allow for the capital and maintenance charges for
the cables and the conductor-rails or overhead strugtures by méans of
which the electricity is conveyed from the sub-stations to the trains.
The two figures of 0.72d. and 0.90al. per kw-hr. respectively are
thoroughly representative as regards their relative values, thoughitheir
actual valdes, while representa Ive, will vary considerably according
to many local circumstances. _ .
89 ° Furthermore these values are only applicable_for the conditions
of a suburban service of passenger trains where the traing in each direc-
tion run, as an average, at intervals of some twelve to fifteen minutes
during some sixteen"to twenty hours, per daY. For a less intense-
service, the price for continuous electricity will exceed that for single
phase electricity by a greater p,ercenta%e, since the cost of the sib-
stations will constitute a larger item, and the all-day efficiency of the
sub-stations will be less. If; on the contrary, the trains run &t inter-
vals of only some three to six minutes, then also the relative figures
0f 0.72d. arid 0.90d. at the trains are not applicable; 0.69d. for the single-
phase system, and 083 for the contintous system, would " thenbe
more appropriate, the latter in this case exceeding the former by only
20 per cent as against 25 per cent in the case of the twelve to fifteen
minutes’ service. This IS because, while the cost of the electricity, as
delivered at the trains,'m the cases of both systems, decreases with the
mtensn?/ of traffic, the decrease Is a greater amount for the continu-
ous system, owing to the better load-factor at the sub-stations and
the consequent considerable reduction in the capital charges and oper-
ating expenses of the sub-stations. For his further Tomparisons,
however, the author will take thefigures of 0.72d for the smgile-p_hase
system and 0,90d for the continuous system for the cost of electricity
per kw-hr. delivered at the trains, _ _
_ With these data, we may now estimate the cost of the electri-
city consumed by 180-ft. trains operatln&to the Southport service (as
an‘instance of a’severe service) and to the S.L.E. service (as an In-
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stance of a much more moderate service). The price actually paid
for the eIe,ctnm% for the S.L.E. trains_is, at present, decidedly higher
than the figures here taken, but the fairly high price.in that instance
IS probably, fo some extent, incidental fo the experimental nature of
the undertaking at this stage. [t 1s well known that in most districts
there would, under the conditions already indicated, be reasonable
Rroflt in supplying railways with electricity at the prices stated, and
ence it is only on the basis of such prices that the comparisons will
lead to useful results. _
To fix ideas, it can be taken that the author’s figures relate to
a hypothetical road so situated that his Prlces for electricity are appli-
cable, and have been quoted, and that the engineers of this road are
engaged in determining _ ,
a Whether to (se the continuousor the single-phase system.
b The schedule speed to be provided on various sections of
ling with various distances between stations.

TABLE 12 DATA FOR COMPARATIVE RESULTS OF FOUR TYPICAL CASES

Average
Designatin Length of Distance Schedule
Nimber Tralgn, Ft, Between . Speed, Mi. perHr,  SYSEM
Stations, Mi.
180 13 0 continuous
180 132 Kl single-phase
180 0.88 2 continuous
180 0.88 2 single-phase

92 Prigr to making some detailed estimates, the enqmeers of this

rallwa{wnl first arrive at some general comparafive results, as follows
93 Let the comparison relaté to four cases, I, 11, I1l and IV. The

generalopartlculars of these cases are set forth In Table 12.

94 Qut of the 8760 hours in the year, it is rarely practicable, on
other than tube railways or railways Pr,owdlng the™ class of service
associated with tube rallwa%s, to”attain (for suburban passenger
trains) to much more than 2000 hours of actual service on the line.
Usual )ﬁthe figure is decidedly less than 2000 hours. ,

* 95 For asthedule speed of 30 mi. per hr. the grofltable mlleage_Per
train per annum, on the basis of 2000 hiours, works out at 60,000 Miles,
and for a schedule speed of 22 mi. per hr. 1t works out at 44,000 miles.
Under the conditions of actual service, there will not be so much
difference as this, between the annual average mileage Per train,
for these two schedules. The more the service Conforms to the condi-
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tions of a tramway service, the more uniform and continyous will be
the sequence of trains; consequently, for the 22 mj. per hr. case the
author will take the annual average mileage per train at 48,000 miles
Instead of the above 44,000 miles, and_for the 30 mi. per hr. case he
\év(lJIIOthoke t_i|1e annual average mileage at 54,000 milesinstead of the above
miles.
% T%e total cost of electricity per annum per train is obtained as
shown in Table 13,

TABLE 13 TOTAL COST OF ELECTRICITY PER ANNUM PER TRAIN

Sohedulespeed,Mi.Pernr . ..wwsersersrrsensensnn 0 2
Distancehetweenstops.m L. . vcrerrrersersene 132 088
DeSigNAtNg NUM DRI ..vovvvevrrssersvssresensesssnessnns I Al " v
SYSIEM s continuous Sﬂﬂgls% continuous sdﬂgéee
Weightoftrain (from Table 9), tONS......covmmrrrcrne 18 m 103 138
Netconsum_imonofelectncn at train in watt-hr.

perton-mile (from Table 11)........c...., s % % - I 7
Net consumption of eleotrlcity at train in kw-hr.

DETEEAIN-MIIE.c.vovovivsvrrsrsssssrn 8.2

Milespertrain perannum 50000 54000 48000 48000
Net consumption per train perannum (kw-hrl.éﬁ... 610000 886000 394000 523,000

Grossconsump_tlonf()ertram per annum (= 130X

netconsum,pnory W-NT e e 793000 1150000 512000 680,000
Costofelectricity delivered attrain perkw-hr.d_~ 090 0.72 040 0.12
Totalannualcostppr trainforelectricity, £ ... 2970 3450 190 2040
Totalannual cost per train-mile forelectricity, d...... 132 153 . 9.6 102

97 Questions relating to the depreciation, maintenance and renew-
als of trains are of so wide-reaching a nature that it would be inappro-
priate to deal with them in this brief Paper. For comparative pur-
ROSGS, however, the author dogs not believe that the Instructiveness of

is results will be impaired, if he takes at the rough figure of 15 per
cent of the cost of the rolling stock, the annual chargés for interest
depreciation, repairs and refewals. He will term these the annual
charges for capital, depreciation, repairs and renewals per train, and as
a check to indicate their general reasonableness, he will, in Table 14,
also work out the corresponding values per train-mile,

98 In Table 15, are brought'together the results of Tables 13 and

14,

99 Amongst the many and large remaining cgsts, there are none in
which the adoption of the contintious S){stem will entail greater costs
per train than are incurred with the single-phase system.

100 It is well known that the gross receipts for three coach
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TABLE 14 VALUES PER TRAIN MILE

Schedule speed, ml. per AT Kl 2
Averagedistance between stops, ml. 132 088
Designatingnumber.. Al [ v
SYSEM continuous SN9IE continuous  SINGIE;

) Rhase phase

Totalcostoftrain, from Table 9, £ .o o TS 5655 7515 113%
Percentage taken for obtaining annual capital

charqes,percent.........., ................... 5 5 15 15
Annug] charges per train for capital depreciation

repairsandrenewals, £ . ..ocovrnsons R 1420 2350 130 1700
Annual charges per train-mile for capital depre-

dation, repairsand renewals, duv..veeeeeevsreressens 931 10.43 5.65 8.55

trains on services of this character, are usually of the order of from 40d.
to 602 per train-mile. Let us fix our atterition on a case where the
gqross receipts are 50d. Fer train-mile. It is evident from the results in

e lowest horizontal line_of Table 15 that in such a case, whatever
be the net profits, they will be less if the single-phase system is used
than if the continuous system is used. Thé percentage of the gross
receipts which could be“set aside as profits, would for the 30" mi.

TABLE 15 RESULTS OF TABLES 13 AND U

Schedules_peed,mI.Perh [ vvovesssespessssssssssssssssssss ! Kl 2
Average distance between Stops, M l.vcvevcvecersnn 132 A 088
Designating NUMBET .cvevscvsvvsvsnresesvesersersessnnnn i ) III " _ I\/I
; single- e single-

TR C11 T — — continuous pbgse icontinuous ph%se
Totalannualcost pertrain, forelectricity, £ .......... 2970 3450 1920 2040
Annual charqes or capital, depreciation, repairs,

and renewals, pertrain, £ ... R 1420 2350 1130 1700
Sum of aboye two annual outia s,é)ertram,E ......... 4390 5800 3050 3740
Cost pertrain-mile, forelectricity, d........owppensin . 15.3 9.6 10.2
Annualchargesforrolling-stock, pertrain-mile,d ..~ 631 1043 565 8.55
Sum ofabovetwo outlays pertrain-mile, d ........... 1951 573 ] 1525 1875

Amount by which the single-phasg train costs mare,
[)er_ train-mile than the continuoua-electricity
FAIN, ererensmnnsnnssmsnssnsssssssessesssssssesnsen 6.22 1 35

per hr., one-stop per 1.32 mile service, be ——----=12.45 per cent

queater with the continuous than with the single-phase system. . For
e 22 mi. per hr., one stop per 0.88-mile service, they viould still be

greater by — XIXK) _ gy pQrcent. It is common knowledge that
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suburban traffic is at present very unremunerative, although this is
not always obvious from balance Sheets where the profits shown are
usually very largely from main-ling and goods traffic, - Confining our
attention to the“suburban traffic, it appears that while there may'be a
few services in which the margim in favor of electrification isgreat
enough to stand the higher cost of the single-phase system, there are
many in which the ?reat difference which™ the authdr has shown as
existing between the two systems would make all the difference between
commercial success and commercial failure. _
. 101, The subject is a large one with many important aspects. This
investigation, however, cléarly shows that the selection of the elec-
trical system and also the determination of the service to he provided
as regards schedule speed, distance between stations and intensjty of
traffic, are all matters demanding the most careful attention and that
they are interdependent. It is Bvident from the nature of the case,
as illustrated by the problems the author has worked out, that the
more severe the”service and the more intense the traffic, the greater is
the superigrity of the continuous system. But jtis also demonstrated
that even for systems for such moderate severity as 22 mi, ?er hr. and
one stop per 0.88 mile, and even when the intensity of traffic is only
one train every 12 to 15 minutes in each direction, the superiority
of the continuous s?/ste,m is still very substantial. [t is, however, pré-
cisely for intense fraffic and for sévere services, that is, for services
excetding the limits amenable to steam-locomotive methods, that
eIectnmtX IS preeminently ai)pl,lcable. , _
point of considgrable interest, disclosed by a comparison of
the values in the penultimate horizontal line in Table 15, is that,
with the continuous system, the components of the total cost per
train-mile, which he has considered, are 28 per cent greater (since

= ].28) for the 30 mi. per hr., one stop per 1.32 mile service,

than for the 22 mi. Per hr., one stop per 0.88. mile service, while with
the smgle-ghase system, the cost per train-mile is 37 per cent greater

(since %;—5 = 1.37) for the former than for the latter service. This

is another point of view from which the greater appropriateness of the
continuous, system for severe services IS’ apparent.

3 With the object of basing his comparisons on thoroughly, au-
thenticated cases, the author has'taken for the continuous-electricity
services, roads employing pressures of some 600 volts at the trains,
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There are, however, now a considerable number of roads employm%
a pressure of 1200 voIts with conspicuous success mdeed In somig 0
these Instances, smg ghase equ rTements have b eenreBace X1200
volt continuous-electriCity equipments.  As early as 1904 the authorl
urged the advantages of oubllng the customary pressure for continu-
ous-glectricity traction systems, and base his comparisons on the
precise lines which are now belng 50 successful P/adoPted Upwards of
a dozen roads have now adopted the 1200-volt continuous- eIectnclty
system of traction. This system effects distinct economies over the

0-volt system and very appreciably accentuates the contrast be-
tween the “continuous-electricity system and the single-phase system.

1Electrical Review, vol. 54, pp. 693-765.



