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15. Electric Tramways

INTRODUCTION

Definiti

A ion -

in America. a in? Orlglfl of Eht? Name.—A tramway, Or, as it is termed

thorOUghfar; ons\ ;]ee; railway ", is a track of rails laid down in a public

i vhic ;

in a Tf}e]“' Case’s ot goodscars are run for the conveyance of passengers, and,
€ wo [{ » s

the beams (r)? 't“‘m 9rlgma11y meant a beam of wood, and in Scotland

the trams” “’;)‘Od which are employed as the shafts of a cart ar€ called

!aid Hon ir; he word was also used to designate the longitudinal logs

1t} and in the ;road to facx.lxt.ate the movement of wheeled trucks along

i A P esse of coal-mining the word “tram » has been applied to the

The fi
rs : :
engineer tot SUSC of iron fer rails occurred in 1776, when James Outram, an
2 ave the continual wear of the Jongitudinal timbers, fixed down
« Qutram’s

lines became known as

»
.

1ron
\vaySB]a::}? on the top of them. Such
Hi:StOrilzzl led to the adoption of the word “tramway
was built in A——Tl}e ﬁrst tramway or street railway for passenger traffic
2 Toubat m;rlca in 18.3,2, between New York and .Haarlem; and in
rails of whi l; a French engineer, constructed a tramway in New York the
ch were of wrought 1ron and were rolled with a deep groove for

eption of the flanges of the car wheels; the rail itself was fixed down
ent from this form of

RIt b
rajl too lfl?egltudmal timbers. The gradual developm
Way, present type will be dealt with under the heading of Permanent
of l;l;.l;?lrirrllway cars were first dra
mechanicgl ok St,eep gradients 2
°bjection:bltraf:t10n was early introduced.
single uni e in the centre of a town an
dinbur ;lts' Cable tramways were then adopted
Elec%;—' and Blfmingham. .
traction Olc Traction.—Electric
of work nTtramWays, and is now alm
Thomas D he first vehicle to be driven b; :
avidso avenport, of Vermont, U.S.A,, in 1835; f'md in 1838 Robert
n, a Scotsman, constructed 2 locomotive carrying a battery of forty

cells s
» Which supplied power to & form of electric motor.
4

wn by horses, but, owing to the difficulty
nd covering @ sufficient mileage Per day,
Steam cars wWere tried, but were
d also were not economical for
in some towns, a5 in

traction has superseded all other forms of
Imost universally adopted for this class

by electric power was built by
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e e
vented (as it still prevents) the us,esonf?r;%::::)(u] ltght B e P
and the systems finally adopted were those in a\lv;)l"shtohany s mpia,
was generated at a power-station and conducted tlllliout lf :;liﬁ:(;rcxf:::
:}(:eﬂ::::ghri?;;te?"dthe clurrent being led to the motors thr%ugh a collector on
e cabls;; es along a more or less continuous conductor to which
T thare conn'ected. The.re are three main systems, of which
b el b:thm(:;t important, viz.: (1) The overhead-trolley system,
HEB N (2;) ‘the R edo.rdmary track system and the railless-trolley
Thé ity é)_e onduit system; and (3) the surface-contact system.

s ; Taca trolley System.—The most widely adopted sy i
at with a single overhead troll i Pt 4 g e g
¥ s Tine th 4 ey wire above each track, the current pass-
sl troui t!le car motors and returning to the supply-
A A brach rails. Ip some towns, owing to the magnetic
IR 4 cop y the fluctuations ‘of the current in the trolley wires,
o LA currentr-rofSlon, by electrolysis, of the gas and water mains due
o B doub?e :OI?I the. rails, the authorities have insisted on the
7L o e r; (;y line over each track, one for conducting the
B fine bt of c: the other f’or the return circuit. Such a double
1 et ot o’f o urse, be useq in the railless trolley system, which has
i) im'tiale cars not being confined to a fixed track, and also
;i Sl C(:?St’ due to the absence of the rails; the running costs
b ) , due to the extra tractive effort required to move the

Th: ‘6 ong, and to the expenses of tire renewals.

Tl thetilc):el:;:,g::sm; Syzte%m.—“rpe open-conduit system has,.princ.ipally
i T’h ound favour in many large cities, especially m.th_e
s e Sit;]athe. conductors frorp which the current for the cars 1S
A S A }:n a conduit or pipe beneath the surface of the track,
Al i cars, known as a « plough ”, passing down through
i l,amiii es conta§t with the conductors unc!erneat'h. T}.le
R Bp;u ceI at the side, under one of the running rails, as in
o trac’k i ,Lo c?se s,P Bl}dapest, and Bourngmouth; or in the centre of
A5 é ; ndon, Paris, New York, Washington, Nice, and Bordeaux.
onduit system, except in one or two cases, pOSSEsSes the advantage of

the double trolley system, of not utilizing the track rails as the return

conductor.

- The Surface-contact System.
outcome of the high cost of the open-cond
ventors to endeavour to discover a system W
the latter system and yet cost considerably less.
Of the many designs invented, only two or three have attained com-
mercial success, among these being the Lorrain system, as at \Wolver-
hampton, the Dolter system, at Torquay, and the “G.B” system, at

Lincoln.

The subject of electric tramways will be considered under the following
headings: 1, Dynamics of Electric Traction; 2, General Layout of a
Tramway System; 3, The Permanent Way; 4, Rail Bonding and Welding;

—_The surface-contact system was an
uit system, which caused in-

hich had the advantages of
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8 Cables apd Distribution System; 6, Overhead Construction; 7, The
pen-conduit System; 8, Surface-contact and Other Systems; 9, Rolling-

stock’ and Equipments.

CHAPTER 1
DYNAMICS OF ELECTRIC TRACTION

attraGC(:I;gral.—The problem of an.ef’ﬁc.ient means of locomotion has always
ol o a great deal 9f attention in t}}e past, and we may be certain
“ Olrltlpue to do so in the future. It is a problem which is capable of
5 d}" so lltl(?ns, because in each particular case which is set before us the
n mor}s differ to a greater or less extent.
theif-nssilte of the phenomenal d_cvelop.mfznt of motor-car§ and motor-lorries,
ot phere must always remain a limited one. For light loads they are
mirably adapted, but for heavy loads at high speeds the running and
maintenance costs are higher than those of vehicles running on a specially-
}:‘;pared track, i.e. on ra}ils. There is also much smoothc'er running in the
car:ﬁl’_ case. Hence it is that we have heavy cars running on tramways
ying great loads of passengers from one part of a town to another and

away into the surrounding suburbs.
mOSpeed-t?me Curves.—The pro
indYe a vehicle from one place to anqther,
d icated above, this consists in moving the cars alon
own for the purpose. In the case of the railless trolley system, of course,
the cars, or rather buses, move along the ordinary street or road surface.
Now, the motion of any moving body whatever can be represented by

4n equation, or, still better, by a curve, and in the case of tramway cars this
»  The general form of this curve may

curve is called a “speed-time curve

¢ deduced from the fact that all the cars go through a certain cycle
of motions, which are merely repeated, more or less completely, over and
Over again,

Fig. 1 shows one such comp
€lectric motors. The car first of all starts from r
at first quickly and then more slowly, till it reaches a certain maximum
Speed. The maximum speed may or may not be maintained for a df:ﬁnite
length of time, but ultimately the power is cut off anf] the car drifts or
Coasts till the brakes are applied and it is brought rapidly to rest.

In fig. 1, A-B is the period of acceleration,
' ’ maximum speed,

blem of all systems of traction is to
and in the case of tramways, as
g rails specially laid

ions for a car operated by

lete cycle of mot .
est and increases in speed,

"‘C » » 3,
I(32_]) " It coasting or drifting,
DLE® 3 braking,

o fnally, o complete the cycle, we may consider

E-F as the period of rest.

. ti tion of the car
Having determined such 2 time-speed curve, the moti i

Vor. 1v,
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is completely determined; it can only repeat itself, more or less completely,
over and over again. The speed-time curve shown in fig. 1 is drawn for the
car when running on a level track; the effect of gradients, as will be shown
later, is easily allowed for, down-gradients evidently tending to increase
and up-gradients to decrease the speed. The area of the curve gives the
distance run over in the time considered, and it is evident, from a slight

B I
R\bg
L 42000 — 40 —z20}4 --l————<“—~
il p
sed Vi |
I/ by
241500 o« 30—15
S = /
= s
=1 = G |
=] = g
= & 3
5541000 — 2010
S8 e ([N
= § a .
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o [z el 1
2.500 & 1025 = |
O, S o A TRE AR
: QT:T\WCTNE EFFORT
0 0 0} 407777737777, €0, A 7/xro/m, . ZIU()‘E
777 77 77, 897777477/, ) / s/
///// W ///I(/// / ’szcoslpsf AT IR /
TRAIN | RESISTANCE /
L —500 >
o
[
&
[}
=]
L ~1000 = 7
[=+]
('
- —1500

Fig. 1.—Speed-time Curve

consideration of the curve, that an increase in the acceleration V{)llll mcn.:aes::
the area of the curve, or, what comes to the same thing, elr:a eha g;v ;
distance to be run over in a shorter time. For tramways, Whcte the s 05
are frequent, this question of rapid acceleration 15 ofN extrc?trm? ugp:rtinih.e

ial Advantages of Electric Traction.—NOW 1t 13 u :
BPSS i electric traction that this

greater acceleration which can be obtained with
, ha: most other forms.

form of traction has a distinct advantage over : ; i ctive
There are other advantages: we get a smaller weight for a given tr
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]f)O\\'f:r, t!lcre are no fumes or smoke, and there is a suitable source of power
t(:;!;imtmg the cars; b}nt the f)utst'anding ?d\'antagc obfained wi.th. electric

n, as mentioned above, is that of greater acceleration. This is partly
due to the better distribution of power over the axles, since in most cases
all tl‘le wheels are driving wheels, but it is also due to the fact that the
tractive effort, or force driving the car along, can be maintained fairly
constant during the early part of the acceleration curve. This is obtained
by what is known as the series-parallel control of the motors, together with
a rheostatic regulation. N

With most other forms of traction there is no efficient method by
Means of which this can be done, and thus we have then a very rapid
falling off in the initial acceleration.

Tractive Effort required.—As a first step towards determining the
Speed-time curve for any route under any specified conditions we must
be abl.e to calculate the tractive effort necessary to drive the cars along
the rails. The total tractive effort or force necessary for propulsion may
be considered for simplicity as being made up of a number of parts. First,
that required to overcome friction or resistance; second, that required to
overcome gradients; third, that required to overcome curves; and fourth,
that required to produce acceleration.

-F irst, the tractive effort required to overcome friction or track resistance.
This s somewhat difficult to arrive at, as it depends on so many things—
on the speed, the condition of the track and the climatic conditions, viz.
wind, snow, &c. Many empirical formula have been evolved to represent
the resistance. The form of these formule is usually rather complicated,
one of the simplest being evolved as follows:—
_ The causes of resistance may be thrown into three groups. First, those
Independent of the speed, as journal friction, rolling friction, and ordinary
track resistance. Second, those depending directly on the speed, such as
those due to flange action. Third, those which vary as the square of the
speed, as air friction. We may thus write the resistance equation:

R =A+4+BV +CV3

The constants are determined by actual

given as so many pounds per ton, the
g the value of R by the total

:Vhere A, B, and C are constants.
teStS on rolling-stock. R is usually 1
otal resistance being got by multiplyin

tonnage of the car. .
The number of empirical formula which have been evolved to represent

the resistance is very great, and most of them are fairly approximate; the
onstants, however, should usually be obtained from tests made on a tram-
’ hich is to be laid. A good average

‘Vay as Sim. %
ilar le to the one W ;
ol ¢ ton. A closer approxi-

value to ¢ i lbs. pe
) ake for tramway work is 30 IbS. P
Jation can be used afterw;’rds when the power of the motors and the total

Weight of th i have been determined.
e cars and equipment hav : !
Secoﬂd, the tractive effort required to overcome gradients is equal to

€ Product of the weight of the car and the slope of the gre}dient. [t
"epresent the per-cent gradient, and W the weight of the car in tons, then
€ tractive effort required to overcome the gradient is 22.4 Wz,



«

52 ELECTRIC TRAMWAYS

Third, the tractive effort required to take the car round curves is,
evidently, proportional to the curvature, and in practice is found equal

to about

6000
piiis
radius of curve (feet)’ W = 6ooo Wy,

where ¢ is the curvature. This formula must be considered as only
roughly approximate. It has been found impossible in practice to deter-
mine a satisfactory formula to represent curve resistance, since there are
so many disturbing factors.

Fourth, and last, the tractive effort required to produce acceleration may
be subdivided into that required for translational and that for rotational
acceleration, or that required to accelerate the car as a whole along the
track and that required to accelerate the rotating parts. The actual cal-
culation of the forces required to produce acceleration is not difficult, being
simply a problem in pure dynamics, but it is a somewhat lengthy piece of
work. For simplicity the whole of the force required to produce accelera-
tion may be considered as that required to produce translational acceleration
alone, the effect of the rotating parts causing merely an apparent increase

in the total weight accelerated.
The value of the tractive effort for acceleration purposes considered in

this way is

2240 88a wkf
el ALY Cen ) W
g 60( +22240.WD)

In tramway cars the apparent increase of weight, due to the accelera-
tion of the rotating parts, is about 10 per cent. The tractive effort for
acceleration purposes is thus equal to

220———1'IW —@a—
4 N0

112.3 W a (Ibs.),
where « is the acceleration (miles per hour per minute),
g is the acceleration due to gravity (feet per secon
w is the weight of a rotating part (pounds),
% is the radius of gyration of the same rota
350 y ipged of the rotating part
1,13 g Ratio speed of driving wheels X
D is the diameter of driving wheels (inches).

The maximum attainable value of the acceleration depends not so
much on the tractive effort available as on tI}e amount of adhesion
between the driving-wheels and the rails, and this may vary from 15 to
30 per cent of the weight upon the driving-wheels, accqrdmg to the con-
dition of the rails—greasy, wet, gritty, &c. The maximum acceleration
attainable will vary, therefore, from 3 to 6 miles per hour per sc?cond. .In
our calculations we can naturally only take the lower limit, viz. 3 miles
per hour per second, and from this we find the maximum tractive effort

required for acceleration purposes.
The total tractive effort required

d per second),

ting part (inches),

to move the car at any part of the
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speec.i-time curve can now be written down as the summation of all the
tractive efforts already considered. Thus we have the total tractive effort

T = W(R + 23.4x + 6000¢ + 112. 3a)(Ibs.).

Just at starting the friction is static and so cannot be deduced from the
form}xla. It varies from I to 1} times its rolling value. Immediately after
starting its value falls to that given by the formula, being, however, some-
what higher than that calculated at low speeds, say those below 2 miles
per hour.
¥ Horse-power required.—The horse-power required to drive the cars
is determined directly from the tractive effort by combining it with the
speed; thus (noting that a speed of 1 mile per hour is equal to a speed of

88 feet per minute),
88

Horse-power required = H.P. = ——— RV,
33000
= .002667 TV,
where T = total tractive effort required (pounds),

and V = speed in miles per hour.

Evidently, when the maximum speed is attained, the acceleration will
have fallen to zero, and we then get the horse-power required to take a car
of W tons weight up an incline of x per cent at a constant speed of
V miles per hour, provided the track be straight, as follows:—

H.P. = .00267 WV (R + 22.4%)

alculated from

The figures shown in the following table have been ¢ .
king, R being

this formula, and are applicable to ordinary tramway wor
taken as equal to 30 lbs. per ton.

Horse-power pER ToN WEIGHT REQUIRED TO TAKE A CAR UP VARIOUS

GRADIENTS AT VARIOUS SPEEDS

P Miles Per Hour. R
GefCent
g 5. 10. T 20. 25. 30. 35 40. 45 50.
.60 | 4.00
@ 0.40 | 0.80| 1.20| 1.60| 2.00f 2:40 2.80! 3.30." 3
A 0.70 | 1.40| 2.10| 2.79| 349 4.19 | 489 5.53 gzg 633
(3|5 ool s 4g) 5] 0 by | e | et
3 1.30 | 2.59 | 3.89| 51 48107 ’ . 4 )
.76 | 14.35 | 15:95
i .59 | 3.19| 4.78 6.38| 7.97| 9-57 11.16 | 12.7 3 :
: .04 | 18.93
3 1.89 | 3.79 | 5.68| 7:57| 947 11.36 | 13.25 | 1515 | 17 593
el avel 2 a3 | 6is | Vel et LR SR 17.54 | 19:73 [ 2I-9
; 2-43 138 7.27 .96 | 12.45 Ig.94 17.g§ :ng :;?2 ;;g;
! 5 19. ; X ;
2.79 | 5.58 | 8.37 11.16 | 13.95 | 10-74 sail 22 SHlan S
9 .09 | 6.18 26 | 12.35 | 1544 18.53 | 21.02 4.7
i gSg 6.;7 12.?6 13.?5 16.93 | 20.32 | 2371 27.09 | 3048 33.87
L TR Ky Wi

Electric Traction.—The above calculations of tractive effort and horse-
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power required are purely dynamical, and apply, more or less, to all forms
of traction, no matter what the motive power may be. We come now more
particularly to the question of electric traction; and when adopting elec-
tricity as a motive power we must first of all decide what system of supply
it is best to use.

“% There are continuous-current and alternating-current systems, the latter
being sub-divided into polyphase and single-phase systems; and there is
also the question of the supply voltage to be considered, and in the case of
alternating currents the question of the best frequency to adopt. We shall
only consider, however, the continuous-current system of traction, and this
because it is almost the only system used to operate tramways. This does
not, of course, refer to the generation and distribution of the electrical
energy, but merely to the actual energy supplied to the car motors.

The Continuous-current Election-traction Motor.—The first thing
to be considered is the form of electric motor which should be used for
traction purposes. There are two important types of continuous-current
electric motor, viz. the shunt motor, which has the field-magnet windings
connected in “shunt” across the armature windings, and the series motor,
which has the field-magnet windings in “series” with the armature windings.
Now these two types of motor have very different characteristics. When
supplied with current from a constant-current supply the shunt motor runs
at approximately the same speed at all loads.

The series motor, on the other hand, drops rapidly in speed as the load
increases. Again, the torque exerted by the shunt motor is roughly pro-
portional to the current required to drive it, while the torque exerted by
the series motor is nearly proportional to the square of the current which
passes through it (see fig. 2). Now, though in many cases a constant-speed
motor is desirable, if not absolutely necessary, what is wanted for traction
work is a motor which will cause a minimum fluctuation in the current
taken to drive it under the general conditions of service. To do this the
speed going up hills must evidently be less than that on the level. Very
great torque is also desirable, especially when starting on an up gradient
and also when going up a steep incline. A considerable sacrifice of speed
when going up hills is of slight importance compared with the great gain
attained by keeping down the excessively heavy currents which. would
otherwise be required. It will thus be seen that the series motor is much
better adapted to traction work than the shunt motor. The result of the
improved load-factor—or ratio of average to max.imum demand—which is
got by the use of series motors is that somewhat lighter cables and contact-
line conductors will do if the same margin of safety be allowed for. .The
series motor can also be made lighter, as the heating 1s less than with a
shunt motor. P ,

In practice it is found that the shunt windings—owing to the greater
number of turns and the comparatively small wire used—are more liable
rder than series windings, especially when the motors are
working under such conditions as obtain with ord.irlary traction motors.

The series motor is also capable of withstanding for a short period the

full voltage suddenly applied to the terminals, with no external resistance

to get-out of o
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in circuit, a thing which no shunt motor could possibly be subjected to
without being seriously damaged.

Regenerative Control.—One thing in favour of the shunt motor is
that it can be used to supply current back to the line when the car is run-
ning by its own weight down a hill. This generation of electric current
by the motors, besides lessening the power required from the generating
station, has a braking effect on the car, and thus controls the speed within

SERIES MOTOR

----- SHUNT MOTOR

o >
,7 SPERD . ollloe—

- ———

SPEED AND TORQUE

AMPERES urrent Motors

Fig. 2.—Characteristic Curves of Direct-c

rol is known as “ Regenerative

CCertain limits. This system of speed cont
pstol ™ 2 s disa
The objections to this system of control, in ac!dl.tlon to the
tages of the shunt motors enumerated above, are, ‘;ng'n il
First: The motors require to be R lﬁrgt?r the field windings,
Necessary, due to the extra heating, especiaily m
are always in circui A ino in order
Secol}l’fl l nTcl:eCE:)tr.]trol is dependent on the Ovegheadbg?[fobfelt?xise o
ot RpRly moltese Bt bosE i alm t;l aSas the ordinary rheo-
May fail, such a system of braking is not so r€ 1a-t.e QRO
Static brake, which simply consists in short-circuiting
a resistance’ | P
Third: Unless the routes are fairly hilly, such as are

dvan-

1d be otherwise
which

nly in
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exceptional cases, or on mountain railways, the saving in power is not
sufficient to counterbalance the increased cost of installation.
Characteristic Curves of Series Traction Motor.—Fig. 3 shows the
characteristic curves of a standard series tramway motor. The curves are
obtained partly from actual tests made on the motor itself and partly from
calculations based on these tests. From these characteristic curves the

l i i :
SUPPLY VOLTAGE== 500 J

/A

— 2500 — 100 — 25
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70 /
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I

Fig. 3.—Characteristic Curves of jo-Horse-power Series Motor

Car wheel, 30 inches diameter ; gear ratio = 4.86.
performance of the motor under the various conditions of service can be

predetermined.
The motors usually drive the car wheels th

an important matter to determine the tractive €

at the tread of the driving-wheels.
This is determined as follows:—
NVIy

The horse-power given out by the motors ===
number of motors on the car,

rough spur-gearing, and it is
ffort produced by the motors

where N =
V = volts applied to motor terminals,
| = current through motor (amperes),

y = efficiency of motor.
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If now » = speed of motor (revolutions per minute).
; : speed of motor
r = gear ratio of motor = = )
speed of driving-wheels
and D = diameter of driving-wheels (inches),
mDn :
then speed of car = - (feet per minute),
and as the horse-power = tractive effort (Ibs.) speed (feet per mmute)’
33000
therefore . o .l,v__"f__l_).’,’-‘
33000. 127
N VI 5

and from above, this = —
We get, finally, that the tractive effort produced by the motors at the tread
of the driving-wheels
_ 33000.127 NV Loy 44 NVIigr
at 127 2V 00l 1687

78 wDn 746
Considering each motor independently, it is evident that the tr.active-
d from the above equation for

effort curve for each motor can be calculate
each value of the current, the supply voltage, the efficiency, speed, and
particulars of the gear being known (fig. 3). .
Completion of Speed-time Curve Calculations.—The sgeed-tnme
curves can now be drawn as well as the current taken at every 1pstant.
Note that at starting the motors generate no back-electromotwe.fc‘>rce,
and hence the starting current is simply equal to the supply voltage dxvxc'led
by the resistance of the motor circuits. From this current the starting
tt?rquc exerted on the car can be found by reference to the torque curve
given in fig. 3. Equating this value of the torque SO f.ound to the vzglzue
of the torque required, as already calculated from friction, gradfent, c
We are able to determine the initial value of @ or the acceleration. "
Consider now this acceleration as constant for, say, one .secc.md, or les;]sa;l
we desire a closer approximation, then at the end of this tnlnetw;an ztive
ave a certain known speed, and this speed produ.ces a back-electro o
force. The effect of this back-electromotive force is to reduc? the curr;: tl;e
If the only resistance in circuit were the intemal'resxsta}ncilofrom
Motors, the reduced value of the current could be obtained direc ytl 8
the speed curve shown in fig. 3 at least if it were prolonged sufficien tymal
to the right. To keep the starting current down, h(?l‘“ﬁver’ :igta(:::ee Re
resistance is always inserted in the motor circuits. his ;e]d R
only reduces the initial current but also the initial torqute,S Gl S
acceleration, Proceeding as before however, we can get Sp

second with this resistance in circuit.
Now the increase of back-electromotive
Current and the increase of SPeed’ and not on t
nd value of current after one second, therefore,
of speed after one second to speed of motor, on €
o the initial value of the current. The value O

force depends only on the

he abselute speed. We can
s follows: Add increase
urve, which corresponds
f the current on curve
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opposite this increased value of the speed is equal to the new value of the
current required.

Having got the value of the current after one second of time we get
the corfésponding torque, and hence a new value for the acceleration during,
and the velocity after, the second second. Proceeding in this way the
speed-time curve during acceleration can be drawn for any given value of
external resistance in the circuit (fig. 1).

As the car gains speed the acceleration falls to zero, and we then get
the value of the torque required to maintain the maximum speed. From
this torque we get value of current required to maintain the maximum
speed and the maximum value of the speed itself, by means of the curves
shown in fig. 3.

To maintain the acceleration and the current fairly constant during the
earlier part of the acceleration curve the motors are usually connected first
of all in series with a fairly high resistance, say 10 or 12 ohms, in circuit.
As the car gets up speed this resistance is gradually cut out. The
motors are then thrown in parallel with most of the resistance again
inserted, this resistance being finally cut out. This is known as “series-
parallel control”.

It should be noted that, as a rule, there are two motors on a tramway
car. Each motor will, therefore, exert only one-half of the total torque
required.

The drifting or coasting line of the curve is got by equating the total
required torque to zero, and reversing the sign of the track-resistance and
curve-resistance components.

The braking part of the curve, if caused by simply short-circuiting the
motors through a resistance, can be determined in a somewhat similar way
to the acceleration curve. A curve of retarding force instead of torque
must be drawn first for the motor, since the losses in the motor lessen the
torque but increase the value of the retarding force. Note also that the
track resistance helps to retard the car.

If electromagnetic track braking or pneumatic braking be used,
evidently the retarding curve will take a slope depending on the total
frictional force exerted, and could approximately be determined therefrom.
It is better, however, to assume a certain retardation, say 2 feet per second
per second, and endeavour to attain it by a suitable form of brake.

From the speed-time and current-time curves, when constructed for
various conditions of track, rolling-stock, system of supply, and Se“ViFC,
the cost of power and the average speed per run, &c, can be readily
determined.

In addition to the consideration of t

mine the speed-time and current-time cu :
lems occur in connection with traction work, as, for instance, the effect of

centrifugal force at curves. These problems will be considered later under
the headings of the General Layout of a Tramway System and the

Permanent Way.

he calculations required to deter-
rves, many other dynamical prob-
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CHAPTER I
GENERAL LAYOUT OF A TRAMWAY SYSTEM

General.—The tramway routes will almost entirely be determined by
the position of the existing streets and the traffic along them; still, even
then, great care must be taken in the choice of the routes, so that there will
not be any greater congestion than is necessary on any of the streets in the
centre of the system, while at the same time the requirements of the travel-
ling public are, as far as possible, catered for. There is a certain latitude of
choice, however, in the routes for the extensions, since the traffic will ulti-
mately become diverted and increased along them.

System of Electric Distribution.—The electric current for driving the
car motors is supplied at a pressure of from 500 to 600 volts. The curreqt
Is either generated direct at this pressure, or, in the case of large systems, it
1s generated as three-phase alternating current at a high pressure, usually
6600 volts, and issued to sub-stations situated at various parts of the tram-
way system. At the sub-stations the three-phase high-pressure current 18
converted to continuous current at a pressure, as already stated, of from

500 to 600 volts.

It is not advisable to have current supplied to the car A
sure less than 400 volts; hence, once the distribution of the cars on t ei
system (under the heaviest service conditions) is given, and -the ;“"Lent
required by them is known, it is @ simple matter to de.termlr.leht e CSit
method of laying out the feeder-cable system, and also ln.Wl'flC .cases.th
will be more economical to have a high-tension system of distribution Wi

sub-stations rather than to generate direct at the lower Vg!tang g:;j:
matters will be found more fully dealt with under the heading 3

and Distribution System.
_ Size of Gauge.—The quest
importance for a tramway than

between th i ils. and is measure
e two running rails, and 1 2 There are
“head” or “tread” of one rail to the inside edge of the other.

inci i ice— tandard railway gauge
e o inches and e i Pfacm;es ft;::: Séa;nches. The broader

of 4 feet 81 inches and the narrow gauge O ) 1 abilit
gauge is beé;ter for large heavy cars, since it 15 corlmdm;;;/tc v:geﬁr;?;ecar 2 ]}S',
and also allows room for heavier motors a'nd gearm% bty permanent i
For small light cars the narrow gauge 15 well suited,

Costing somewhat less in the latter case.

4 The Choice of the l?qgties . AIEEL L SbHe
€ 1 ) e 1S
requgtr':rr::;iat}slso? r:hgotr:f:i: The broader 'the st;ﬁe:n tol:jee:?]otrg ;:;f":) 5 the;
Naturally, for the reception of BALEIIN 11{le'l thoroughfares consist of fine
Newer parts of older towns, where the principa b AT
broad streets, we have the most favourable €O $ the busiest

towns, where S
i ilclicsen s butan i centie e o Olﬁ::i to pu,t the lines, not 1
Streets are us’ually narrow, one is often compe

motors at a pres-

ion of the size of gauge to be used is of less

i . The “gauge » is the distance
gk d from the inside edge of the:

reets along which
influenced by the
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the principal streets themselves, but in those at a small distance from and
parallel to them. It is sometimes even necessary, to avoid the obstruction
to the traffic which a double line would cause, that one line be laid in one
street and the other in the next street parallel to it, the ends of the two
lines being joined together by a loop. The cars in each street will then
travel"Always and only in the one direction.

Arrangement of the Track Network.—It is one of the duties of a
tramway to form a quick means of transit between the suburbs and the
centre of a town. The lines are laid, therefore, in the majority of cases,
radially or diagonally. These radial lines are then sometimes joined by
oL circular routes, as shown

I in fig. 4. As far as
possible the lines in the
centre of the town
should pass along dif-
ferent streets, so as to
avoid too great a con-
~ gestion of traffic in any
/ one of them. In newer
towns, where the streets
run more or less either
parallel or at right angles
to one another, as in
most of the large Ame-
rican cities, it is usually
impossible  to  have
radial and ring lines;
the tramway lines are
then laid parallel or at
right angles to one an-
other, the distance apart
of the individual lines

being determined by the density of the traffic (fig. 5).

Position of the Rails in the Street.—

1. Single-track Lines—The portion of the street breadth required for
the cars or the operation thereof, i.e. which includes the necessary free play,
cannot be taken less than 8 feet. The smallest breqa’t/z of roadway, b
(fig. 6), in which a single line of tramway can be laid down, therefore,
amounts to 16 feet. Since the distance, @, from the centre of the track to
the pavement kerb, on the grounds of safety, is not allowed by the Board
of Trade to be less than 4 feet 10 inches (for a 4-feet-8%-inch gauge), and
where possible should equal 5 feet, we thus see that the le.ast value of &
required is 17 feet. For the reasons given above it is evident that the
actual size of gauge used does not influence this result to any great extent.
In order that there may be sidings in such narrow streets the rails at these

ces would come very close to the kerb. :
i3 Ii' the street is brrg’ad enough to allow of traffic on both sides of the
tramway line, ie. if the breadth of the street be 24 feet or over, the tram-

Fig. 4.—Diagonal and Radial Arrangement of Routes
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e of the street. This has the
ss over the roadway
hich dwellers in the

way track should always lie in the centr
disadvantage to passengers of requiring them to cro
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—Rectangular Arrangement of Routes

Fig. 5.

i tandin
street on one side would have of being unable to hal;,e' an); hv:rl:.de As furthegr
in front of their houses, due to the tramway .ralls ef]?l%e et it is much
advantage is that by laying the line in the ml.ddle 0 S difcult to
easier to have both rails at the same level, which wou

_Single-line Track in Narrow Street

Fig. 6.
e time such an arrange-

sam !
ai divides it into the two

one Side) an 3 A
ffic, since 1t

do i i id at
if the rails were lai late the tra

ment of line tends to regy
s a roadway at least

directions (fig. 7). k line require i)
2. Double-track Lines—H g&uggétsr?lcot occur, and also if the two e

32 feet wide. If such a bred
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cannot be laid so as to pass along parallel streets, then it is unavoidable
to have the lines laid near the side of the street. With a street having
buildings along one side only, such an arrangement has no special dis-
advantages; and in other cases the difficulty is partially overcome in
various ways, e.g. by the laying of deviation sidings which, in cases of
necessitgyrallow of the cars passing from one line to the other. In very
narrow streets it is sometimes arranged that the cars, during definite
hours, only utilize the line on one or the other side of the street. In this

2 s A A

zZ TP e

Fig. 7.—Single-line Track in Broad Street

case there is not really a double-line traffic at all, but only a single line,
at one side or the other, with its accompanying disadvantages.

With an ordinary double track the distance apart of the two tracks
should be at least 8 feet 6 inches, measured from the centre of one track
to the centre of the other. At curves this distance must be considerably
increased so as to prevent two cars touching when passing one another
on the curve (see fig. 28). The usual distance between the tracks is
8 feet 8} inches; this, as all other dimensions given above, refers, of
course, to the standard gauge of 4 feet 8% inches.

1 3 !
P 16 ft. 5 8 ft.— s 8 ft.—p—8 ft.—

' : . : :
A ‘ 1 ' )
¢ |RANS AIHINS L AR BATIEr (| :

i< 40 ft. —

Fig. 8.—Suitable Arrangement of Lines for a 4o-foot Street

Tramway Lines along Country Roads.—In laying the tramway
along a country road the line may be placed at the side of the road,
since in this case the disadvantages which occur in a built-up street are
not present.

Layout of Broad Streets.—For streets with a roadway of more than
32 feet, in order to utilize this breadth in the mo§t fa.vc.)urabl'e manner the
lines are so arranged that the whole roadway 1S divided into strips of
about 8 feet in breadth each. With a breadth, for examplf:, of 40 feet t}'1e
lines are most suitale placed somewhat towards .the one side, as shown in
fig. 8. In a broad street divided into two portions=by a promenade or
bridle path the tramway lines are laid close along the promenade (fig. .9).
In a few particular cases a special arrangement of street can be carried
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out as shown in fig. 10, where the tramway lines are situated in the centre,
then on each side comes a grass plot or strip of ground laid out with
flowers or shrubs, &c., then comes the ordinary roadway, and finally the
pavement. It is important to note that the more the ordinary traffic of
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the street can be remo
can the speed of the cars be allc
track depends, apart from the li
upon the density of the traffic.
Minutes a double track is necessary:

i iocher, naturally,

tramway lines, the hlg ?
i frorr:)vtgz t:)abe. }',I’he use of a single or double
mits imposed by the width of .the streets,
With a closer service than eight or ten
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Sidings.—In order to allow of traffic in both directions on a single-
track route, sidings must be inserted at certain points along it. The
distance apart of these sidings depends upon the average speed of the
cars and the “service”, ie. the interval of time at which the cars follow
one amather. If we indicate the service, or the time between the cars, by
¢ minutes, and the average speed in miles per minute by z, then since
there can only be either one car or the other in the opposite dir:action,

A

\\YE\\ \‘Q\\\ *\ \"\\ \‘ ::

N

\\Q\\\\\\\\\\\\\\\\\\\\\\\\\
N

Fig. 14.—Busy Crossings showing *‘ Islands

alternatively, on the stretch between two sidings at one and the same time

we have the distance apart of the sidings:
s l. 7/’

2

or, if V is the velocity in miles per hour, then V. = 6o . v, and

S . h
d/(miles) = ¢ (mmutes).VIgr:lles per hour)

Thus with a velocity of 10 miles per hour and an 8-minute service the

distance apart of the sidings is
8.10 _ 2(mile) = 3520 (feet).
120 3

d =

hould be between 80 and 160 feet, and they
lace where the width of the street allows it.
12,and 13. In figs. I1 and 12
h in fig. 12 the points can
hows a siding where fixed

The length of the sidings s
will naturally be situated at a p
Three forms of sidings are shown in figs. 11,
the points are usually moved by hand, thoug

be held in one position by a spring. Fig. I3 S
tongues can be used.

e R R
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| Stopping-places.—In the case of single-track routes the stopping-
gaces always occur at the sidings. And in the case of both single- and
double-track routes the stopping-places occur at street crossings and at
important centres of traffic. If two or more tramway lines cross one

another at any point, then
stopping-places are always
situated just before the
crossin less, d 3 g ; 3
g, unless, due to

some exceptional reason,
this cannot be done.

In broad streets, and
especially in busy thorough-
fares, “islands” are placed
at the stopping-places for
the protection of the pas-
sengers who are waiting for
or alighting from the cars ki =
(see fig. 14). At busy | & :
Fhoroughfares also a shelter e 2 2 g
is sometimes erected for = = . &
the convenience of waiting g g S %
passengers. / & 3 § :

Termini.—Ifonly single ’ i 5 g E
cars without trailers are & 8 & &
lJ.Sed, and the traffic on the g é £ 2
line is not heavy, then the & § i 2
termini of the lines are X g 3 E
simple. For a single-track 8 2 2 -
line it is sufficient if a short be i i 9 o
parallel piece of track is / :: e
connected to the main track & "‘
by a turn-out (see fig. 15). 1 1
If a siding be constructed i
at a short distance from !
the end of the track, then
this second line can be
omitted. With a double-
track line both tracks are
carried to the end of the
terminus, and a cross-over
Is placed at a distance of

from 1 50 to 200 feet from
the terminus (see fig. 16).

If trailers are used, the -
adopted. For a single-track line a st
and for a double-track line three turn-outs or p D5
inserted, as shown in fig. 17. In most cases a cross-over 15 ad: eﬁ nea;;r
the terminus, the rails being both carried to the end, as shown In seg. e
Vo. IV.

n such a simple arrangement can no longer be
ding is required, as above mentioned,
oints will require to be
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These arrangements are made so as to allow of the trailer being shifted
to the back of the car for the return journey.

Allkinds of shunting can be avoided if a loop can be constructed at
the terminus (see fig. 19). This arrangement is much used in America.

These loops are formed where an exceptional width of the street occurs,
or in a square, and

often encircle a block
: i of houses, as shown
' = i in fig. 20.

:  Points and Cross-

7 S ings. — The cross-

F\\Qh\“\\ \f\\\f\’\\\‘\\'\ \\\\_ \\\\\'\‘\\\\\* g \\\\:; “"\\:’\\A\\i\“‘f R
'
3

F\'§fi S ings of lines, branch-
N ings, and junctions
N 9ccurveryfrequently

N in a tramway net-

work. These require

\ special construc-

N tional work which

T AN will be considered

under The Perman-
ent Way. Where
the traffic is exceptionally heavy, as, for example, in New York, it has
been decided to carry the tramway down underneath these parts. The
cost of such an arrangement would only be warranted in a few such

exceptional cases.
Gradients.—The maximum gradients with horse traction were about

I in 20, or with trace horses I in I5. With electric traction, however, the
limit depends, not on the

% /4 % 7 tractive effort required, but
% M M/ ’/z on the limiting value of the

adhesion between the rails
/ 7

Fig. 19.—Loop Terminus

wheels are apt to slip, this
adhesion is increased some-
what by sprinkling sand on
the rails. For cars without
trailers inclines of 1 in 12 are
often dealt with, and in some
cases gradients of I in 8, or
even I in 7, for short distances,
rs, however, that inclines such

N NN

7 7 and the car wheels. In foggy
/ damp weather, when the
i

~<

) o i)

Fig. z0.—Terminus Loop carried round Block of Houses
are to be found. It is only with cable ca
as 1 in § cafr be overcome.

Radius of Curves.—The necessity of passing from a narrow street into

another at right angles to it often compc?ls the tramway lines tg havgnvf}?;
sharp curves. The least permissible radius of curvature depends up

gauge, the diameter of the car wheels, the depth of the wheel ﬂlangesl,:f:r:
to a \’/ery great extent upon the distance apart of the car axles.
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purely theoretical principles the
from the above data on the ass
this would only give
an approximate fig-
ure, since in prac-
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least permissible radius could be calculated
umption of a perfectly rigid structure, but

N

7
tice a certain amount i EV/ //4///////////4‘

of free motion is

always allowed. As !
a rule, 45 feet radius

for the narrow gauge,

and from 50 to 55

feet radius for the
standard gauge, may
be considered as the
smallest that should
be taken. In one or
two isolated cases,
however, even with
the standard gauge,
Curves of 40 feet
radius are to be met
with,

In order to prevent such extremely sharp curves, suc
ment as shown in fig. 21 is sometimes made use of, where,

VA,

UL

-
-
(o™

P o L | 7

Fig. ar.—Insertion of a Double Curve

h an arrange-
as is seen,

the line is made to take a double curvature.

Fig. 22.

Transition Curves.—In ord

as they enter sharp curves, as well as t

—Special Spiral of Loraine Steel Com

he sudden shock to the cars
the wear on the rails at the

pany

er to prevent t
o reduce
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entrance points, a transition portion is usually formed of such a shape as to
gradually increase the curvature from zero to the maximum required. The
force on the rails which causes the cars to take the curves will thus increase
gradeally from zero to a corresponding maximum.

Spiralized Easement Curve.—There is, first of all, the spiralized form
of easement curve shown in fig. 22. This particular form has been chosen
by the Loraine Steel Company so as to give a gradual increase of curva-
ture with the shortest desirable length of spiral. In order that the same
“ points” may be used for all curves, the rate of change of curvature is in
most cases made the same for all, the spiral being carried farther round
for the sharper curves. The details of the most frequently used of these
spirals are given in the following table. Note that the figures refer to the

inner rail.

No. Radius. ﬁ:glped ;\r:;?cl T\‘:t:l Offset. PIr.(stE:iho.n
Feet. Feet. Feet. Inches. Feet. Inches.

1 | 429.7184 | ©° 20’ | ©° 20" | 2.5000 | 0.0074 o5 2.5000 | 6

2 | 214.8592 | 0° 40’ [ 1° 00" | 5.0000 0.0363 | oys | 49998 | ©

3 | 143.2394 | 1° 00 2° 0o’ | 7.5000 | 0.1018 | Igy 7.4990 | 6

4 | 107.4296 | 1° 20" [ 3° 20’ | 10.0000 | 0.2180 | 2§ 9.9962 | 1133

5 85.9437 | 1° 40’ | §° 0o’ | 12.5000 | ©.3999 413 | 12.4895 | 5%

6 71.6197 | 2° 0o’ | 7° 00" | 15.0000 | 0.6610 | 715 | 14.9756 | 1115

7 61.3883 | 2° 20’ | 9° 20" | 17.5000 | 1.0160 ods | 17.4501 | sé

8 53.7148 | 2° 40’ | 12° 00" | 20.0000 | 1.4794 | 5% 19.9063 | 10§

9 47.7464 | 3° 0o’ | 15° 0o’ | z2.5000 | 2.0629 o} 22.3373 | 41s
10 42.9718 | 3° 20" | 18° 20’ | 25.0000 | 2.7799 9% 24.7319 | 81%
11 39.0653 | 3° 40’ | 22° 00’ | 27.5000 | 3.6416 | 715 | 270783 o1g

!
b d g Parabolic Curve.
~ vy — Another method of
p laying out a curve is
~~~~~ shown in fig. 23. The

lines AC and BC are
those to be connected
by a curve passing
i through D, a point as
near the kerb as is
permissible. Pegs are
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