ELECTRIC TRAMWAYS

CHAPTER IX
ROLLING-STOCK AND EQUIPMENTS

Car practice had to be made 5 suitable for electric
traction. The underframing i

y had to be strengthened to
meet the severe conditions of a self-

propelled vehicle, with higher speeds
and more rapid acceleration.

Accommodation also had to be provided for
the car-truck to which the motors are attached.

The double-deck car recommends itself as affording seating accommo-
dation both under cover and in the open, and having with a given over-all

dimension the greatest seating
capacity obtainable,

Figs. 208-10 show the ex-
terior and interior of a standard,
top-covered, double-decked car,
as used in the Glasgow Cor-
poration Tramway System. It
is to be noted that the ends

I

\

5'0" Betwp

b
Nz have a vestibule which protects
§ ' E4 the motor-man and the con-
b v S ductor from the effects of the
6°5" Over Sills weather.,
Fig. 21y,

A, ; ~ The main underframing of
—‘Combmmoné’:,%ﬂ‘:fﬁf’ Section and Teak for the cars should be preferably

of teak.or oak. In the case
to reinforce the timber of the
urpose bulb section, as shown

o'f long bogie cars jt is generally advisable
side-sills with stee] section, and for this p

upon which depend

| ] great extent the life of the car.
Selec'tlon of Timber,__ he various kinds of timber suitable for car
construction are offered to build

; ers in the general market in
namely, in the log and in the plank, and different builders
selection from either or both a circumstances require,

Selection from log stock to be cut into planks for car work requires
the greatest skill, and none byt those who have had large experience in
this particular direction succeed ;

n securing satisfactory results,
s form are: the lon

two forms,
make their

The main
g lengths, wide widths,
Its disadvantages are: the

, and the long
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cutting to the various sizes
[ts disadvan-

hs and wide widths; but, as
antages, selection from

of each pl

‘ ank; e

quUircdpin :ch‘ a minimum amount of waste in

tagCS are: thc(' I‘:\nrk. :lnd an ad\oanccd Séage Of seas ~

advanced ord difficulty of securing long lengt jiriys
ers cz

plank stock is : T be placed to cover these disadv
s considered the most satisfactory

The ki
inds of tir
nbe . b
her most used in car construction are as follows:—

Main Framing
e Al 08 Outside Finishing. Inside Finishing.
I'eak
()ﬂk 'r(_'(lk 'I‘cak
Pitch Pine @& Mahogany Mahogany
Ak | anary W hitewood Quartered Oak
' Ash
IR ARES e

J

rough the mill, where it is cut to the

A .
fter the timber has passcd th
nds of the body-makers, and on com-

desi & i
taken pOSSessiO;a;?lg‘%r’ Pa"e”_ing. roofing, and fixing of the platforms it is
for the general y the painters and inside finishers, who are responsible
iRhe oas boZPpiarance of the car as the public see it.
y has to be securely trussed to prevent it getting hog-

backed a
nd th bilay
e platforms sinking. The trusses should be arranged so that
up, to counteract any tendency to

the y
Sag)g,i;ngaya:;omhtlme to time be pulled
up to assist t‘;‘]’eeguﬁullmg up the trusses the platforms should be jack
The 2
from thepl;c)cess of painting ta e deduced
2 40e following short S5l
the p"Oducg and Varnishing.—This is o0
the general ion of a completely finished car,
perishabl appearance of the work as a whole,
Th e parts as well.
stated zsvfzﬁous steps involve
second rubb'ows: Priming, filling, ing down, second P
These vario ing down, decorating; and varnishing,
following scl}lls steps, with the number of coa
standard pra:trl-r:;'__“:hich approximates as nea
Priming.— g
FirSSt coat lead.
S topping all nail-holes an
e;ond coat lead.
eCOnd st 2 1 . t
S g opping of nail-holes and imperfec
Four coats flling (sometime
ne coat stain (sometimes €

Rubbi
block ofmg D own.—This step consists ©
pumice-stone and water, and wit

kes considerable time, as may b

tion of the operation:—
e of the most jmportant steps in
for on it not only depends

put the durability of all

this department may be
riming, colouring,

he order named.

rly as may

d various other imperfections.

ions.

ough stuff)-

s called r
guide coat).

alled the
f going ©
h long SW

car with @ large

ver the
okes rubbing

eeping Str
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through the guide coat mentioned above. When the guide coat is entirely
removed in this manner, if the work has been carefully done, the result will
be a hard smooth surface, furnishing a good foundation for the succeeding
step, viz. second priming.

Two. coats of lead constitute this step, which, together with further
stopping, if found necessary, prepares the car for colouring.

Cdlouring—From two to four coats of colour are r
circumstances. If the colour used is light or semi-transparent, four coats
are necessary to produce a “solid appearance. In all cases the last coat
should have a proportion of hard-drying varnish, which, when rubbed down
with powdered pumice-stone and water, gives a hard bright surface on
which to decorate, line, letter, and number,

© coats of hard-drying body
'dered pumice-stone and water.
Pletes the work. It s essential
temperature as possible should
be observed, 60° F, being considered essential to secure the best results,
the car underframing, allowance
I'S opening up over the motors;
inspection and attention. These
k handles for lifting by. The
t type, should be provided with
ual purpose of saving wear to the floor
gers’ feet dry. [p putting in these strips,
manner as to interfere a5 little as possible

The platforms

equired, according to

on wrought-iron posts,

the buffer irons, attached to th

either of channel-, angle-, or

between dies with a special machine j
The windows of the cars should pe i

about } inch thick, set in with rubber, R HElate ghtss by Y
The doors at the end of the

» and is less likely to give trouble and
is easier to clean than the veneer, and when dirty ;

in any style required. Above the ceiling is a |
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‘orpors

ear
) Doublc-d“’L
ol

X .)Omli
1 w Cotl
Glasgo

5 >ck \ 324
ior of J.ower Degh Toface IV
ar
210. —Inte

Fig-

(40)



ROLLING-STOCK AND EQUIPMENTS 225
e hoop-sticks. On this is
a coat of white-lead paint.
h the roof. The upper-
nd grooved. The

;?l?:;(;;a}; ]t’()l'lf:‘[llcd and grooved, nailed to ¥,
This pr(c\-(;l,:tt.r (l)f cotton d'uck, applied wet in
T :1 l.‘C}[)CI‘C()lilllun of any water throug
Bt thioly e then put on, these too being tongued a
- :llC ness of these boards is § inch.
rcv’ers]i(t;lgcll‘fr?l Pl’a-cticc for the top-deck seats is to employ.the.ordinary
and spaccg'm:fn }t'\ " screwed down to the deck.- The seating 15 of lath
a number ’()} p lt i do not readily hold the rain. There are, however,
Thanle cmitis w}('? ’?mﬁ employed too m'nne.rous to mention. For the
may be Py t ];C? o gencrull.\-.of the longitudinal typeé @ variety of forms
el e \voIo lC( the most proml.ncnt being the. lath and space of altergzltte
SN i ds; these are sometimes covered with removable carpet. ;o
uPhOlsterede perforated veneer, the upholstercd or cushioned seat; the
The a )or woven-cane sprmg-buc‘k seat, &c. i s
R Pllnearar.lce of a n.m(lcrn car is greatly qugment.ed- y(tl e i
trate in fio ?,Uldmgs, carving, and o.ther decorative devices and we
by the }:lz,’ét“.lz tll.c interior of a Liverpool stan
illuStrati;n Tc Ra‘l“'a)’. and Tramwa) ‘
makers int shows the u-nprovcd r.oof construction oo e greater
air Ca.)acito car body design, the chief advantages gaine eing the gred
Thi dI i of the car interior and the better fact
is design has now been adopted as a standard by nearly al
builders. I :
mucl\lfor:l%:—z.;The design of a modern seri
small space t}:mc-u“ pr_oblem than is genera
(evén w;th 0 avaxl.ablc under a car, the
i c0mba: 4-feet'-8é-m0h gauge)’ .+ 0 in which 1815 placed.
SurPri;in thlned \\-lth. the expPSed pompon 1fn 1w .
has und g, therefore, since the introduction ot €
A eirgo{ie many important changes, e.ac'l TG
“m'eliabi perience had proved : xisting
impervioe. Each change has been 11N
I us to water, dust, vibration an
dimel;s(i);izrwti(;hget the requ.ire'd outptll]tgg::n
obtained in possible limits, & com*
. It has been universally accepted B i ;
g difeesd st solution to the

» Carriage

es-wound

:llitempfd on to the car axle itself, an t

ctly attached to the armature shaft, offers th€ befo the teet

problem. Fig. 213 illustrates the modern gear-wheel thc i-e e

Y cut and after. The same illustration shows he t‘" £y mersed o
which enables the gear and pinion wheel e run P Y ble cast £
%"}?ase_ The most suitable material for the g‘eal‘—c«’irslf3 15 4o of cast stee
e gear-wheel should be manufactured from g e 7 alves, an
shou ub bore

with a view to strength and long life. :
accurately machin &

1d be broug

RIR keyway

:';ti;‘l the faces of the halves ar¢ hou
and e proper size for the car axle, the halvea She soli met
o th.e: teeth cut by special machines If

cut in the bore for the axle key-



226 ELECTRIC TRAMWAYS

The pinion-wheel should be of softer materi
steel, the teeth being cut from the solid as in the

We illustrate in fig. 214 a No. 254 motor, b
Limited, of Preston, Lancashire.

The motor frame consists of' two bowl-sh
which are cast bearing-boxes for the armaty

al, usually being of forged
case of the gear-wheel.
uilt by Dick, Kerr, & Co,,

aped steel castings, on to
re and car axles,

As this

Fig. 213.—Axle Gear and Gear-case

g fulfils the part of m
frame of the machine, t

motor casin
mechanical
reluctance,

agnet yoke, as

well as being the
he steel should

be of low magnetic

To the frame are bolted the
the motor case, which is divided
These pole-piec

pole-pieces, arranged
horizonta]]y in line wi

€s are built up of lam

two in each half of
th the centre of the
inated steel punch-

armature shaft,

y ﬁrmly to preven
chafing the insulation. The coj 1

the pole-pieces by a gun-meta] frame,
The field coils should be heavyjs
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hich they are bound

ROLLING-STOCK
and with a vie STOCK AND EQUI
to be Subjccl (.\l‘. also of '.‘.'ith:t:u]din" the iib .
} The arnnc:u. 5 vibration to W
yeing bui atures are almos Y
by 1: t}}))l.“]t i Hiin S}]([:]l(t)::t:(ljrl)l\ cr>all?' of the slotted-core type, the core
Cxccssivlcn layer of japan, or~ othcrl;::f:lmtgsy ¥ §epar§ted from)thelgk
cndca\'ourc-c‘)rc losses. The punchin‘s i e order o FESEERS
and low s made to give the gs are carct:ully anneal.ed, and every
. w hysteresis. Th ﬂ(mnttxrc core a high magnetic conductivity
i ature shaft, and fi e punchings provide a hole in the centre for the

gs are also provi or the key which is fitted into the shaft. The punch-
metrical rcht-[ ‘{dCd with holes stamped i - these. h
they all CO;nlonsmp to the keyway, S0 that W i
necessary \,Cnf,]of?bhsnc one anotl{er. This provi
at intervals 11 ation, which, together with the special
cooling. , allows a sufficiently fre passag i
The ¢
armature Ogmimutatm: ‘iS built up on a hub, which is
forged, ea'cE nb(“c' The copper employed is usud
and from tl ar being insulated i
number of :)c frame by a mica com
motor, var ’j“‘ employed depends, of cours
Tramway ,i,mg considerably with different ma ers,
but the mot(;) t?rs are prcsumed to be worke
torily with a rs to be of any practical service M
way motor mlo-pcr-cent variation {ro
cent overlo: ust run sparklessly in ei
Bk toiiny )’d(] without the position of t
success. \'\ra y motors of to-day
wear and he. CO_'nmutator bars S
reduction ipe”?dICal turning up ne€
The br:ldlameter at least shoul
a sufficient shes should be held on to the comT
pressure to ensure the brushes not jump % ¢ sprin
: e sprt

thevs

omm
be arran Udtato,- over bad rail-joints,
The ii to take up the wear o

mature coils should all pe woun

inte‘rchangeabe ith t-he other. W
d wire, which, after it 15 wound o the ormer,
dried alternately n specia
1, should when

ure mica strip,

pound moulded t0 suitable shape- The
e, entirely O the design of the
i s

sizes, an s
00 volts,

ensuri
el that each one i
is dried v;’rllth cotton-covere
insulating ém oven. After this it is dippP€ an e varti
P arnish till sufficient] ;mpregnatee: e varnis? =
y be elastic, and have 1o tendznc pto crack B t: ¥ Cf : thebse;gg E’)]f? iﬁi
H orce into
fore bein8 "4 py mica, P ess-board:
; ter all

on the

armatu::[::ature core. ‘The coils t

and i ore, are further insulate an protecte =

the cl(igen, th.en taped, and again dipped in varnis ar;g d;ée? Vi

in the ioare in position the Connections hYe caref lly 50 el mustratlon
mmutator b 5 . hat o ' i

R tor pefor€ assembly, and 1 h i

e embled, put with the 0

; the otors b

fig. 2
hg. 21
ﬂlustrasti‘c’)ve show all the parts © a
half let dn’ fig. 216, we show the sameé motor &5 . tha
own for inspection: It is very ,’mportan
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arranged so as to be capable of being opened up while mounted on ic
car axle, with the armatures either suspended to the top half or resting
in the lower half, as may be found most convenient for the particular form
of inspection required.
The rating of tramway motors is, of course, quite
generators and stationary motors, the conditions o
service requiring that they shall only dev
for short periods at a time. A stand
been accepted by American manufact
ratly-accepted in this country
follows: “ After one hour's con
perature of any part of the

different from that
f their operation in
elop their full-load horse-power
ard rating has, by common consent,
urers, and this rating has been gene-
as well, the specification of which runs as
tinuous run at the full rated load the tem-
motor windings, taken either externally or

T T T T T T T T T T T T T
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4 Tuan ARMATURE. TEST THROUGH GEAR,
90 36 36 -'inn’ 1 1 | ,///
-
80| 32| 32 ;‘m EFFICIENCY (INCLUDING G““ﬁl /
« /, /
70] 28] 28lG1s P /
> -3 - / ® @
> |o ‘i‘ < *‘V
260] 5241 524{E 1200 \ 85 <
g |¥ 1y IR \\ o | &2
£50] #20f £20fu 100 ,/ ¥
w272 N o7
= 5 N A
407167 16{Z a0o o
i \>< 4
@
301 12| 1212 600 // %
@ \QEED
20 sL 815 400 ,/ / S
At A"
10 4 4] % —
-
0 10 20 30 40 50 60 70 80
AMPERES
Fig. 219

Preston, Lancashire, We
No. 49 motor (fig. 218).
formance of
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_ The method of drawing these curves is described in Chapter I, Dyna-
mics of Electric Traction”.

Later Types of Tramway Motors.— I'he most recent types of tram-

way motors, due to the increased size and weight of the cars, are, naturally,

much heavier than the earlier forms, and the introduction of inter-poles has

& [T T
" — WESTINGHOUSE 4
— No. 49 Railway Motor. it
: __4 500 Volts A
3 3 Gear Ratlo, 14 to 8.
g =|__| Continuous Capacity, with 75° C rise by thermometer, 30 amperes | —
X at 300 volts, 28 ampercs at 400 volts. o
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deteriora-

consequent
nsists in slotting out

\

Cconsiderably reduced the sparking at Fhe brushes :n‘(:io
t;}oﬂ of the commutators. A0 smen

& mica between the commutator segmen ments
this prevents the occurrence of “high m'icas ’: v I:Zt:v};rf C;E}:[;f;’ Lo
wearing down more rapidly than the mica pieces :

also tends to ki To
prevent spar ing.
copper dust in these slots it i advisable to prush them
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night when the cars are in the de[})]ots; it is not found in practice, however,

rises from such a cause. :
thagl::rh;)ﬁ?rgl—e\?\le will not enter into a hist9ry of the many devnlc.:cs
which preceded the modern controller. Suffice It to say that the ear 18;
attempts were based generally upon a rhc.aostatlc control only, and onl
controller situated under the car with its resistances was worked from both
platforms by mcchanical. means.

The inefficiency of controlling two or

in which no external resistance is in circuit—(z) both m
(6) both motors in parallel. These two positions are

It gives two speeds
otors in series, and

called the running
REBISTANCE Boxes MoTtor No.1, Motor No.?.
R4 Ra. R.2. AA. F.F.1L F.1 F2, F.F.2
Al AAL A2 AA2, e
&
:
Al AL
-
¥ F.F.1 F..
R4, R.3. R.2 R
7 A2 GROUND
Fa. F.F.2,
Fig. 219,

—Series-paralle] Controller Connections on Running Notches
notches; the speeds
accelerating notches,

in whic
are onl
ning notches,

h resistances are e

mployed, being termed the
Y to be used to s

peed the car up to the run-

asily accessible for cleaning
must be perfectly fire-proof, Owing to its exposed
Position on the car, the con i

field induced by

fingers. A third method is b
taneously, We illustrate two T€presentative ¢t

; In the case of the Magnetic blow-out the magnet is energized
dun{)g the whole time that the controller is Passing current, and the dis-
ruptlve; effect is limited by the Permeability of the iron in t};e core. The
solenoid coils are ¢y OPeration on the two running notches, only

YPes of controllers in figs.

t out of

Toface 117, 2y

WESTINGHOUSE

se Controller No. go

Westinghou

Fig. 22r1.

Electric Controllers

B ——
| P S ot

> C
Fig. 220.—Dick, Kerr, & Co. (D. B. 1, form C)
Fig. .

(43)
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This 1s rendered

is being broken.
igh the

current passes throt
current flowing round

being in operation when the current
possible by the instant creation of a ficld when
coils, the field being pre jportional in strenuth to the
the coils at the moment of breaking circuit.

\We reproduce the wiring diagrams, and ¢
from which can be traced the

jevelopment of two well-known
actual connections made
on cach position or notch, in fig. 222, D.B. 1, form C; fig. 223, No. 90.

[t 1s ;:vncml nowadayvs to construct all controllers with a braking
arrangement, which we will deal with under the heading of brakes.

The mechanism of the contre ler should provide that the driving-handle
is locked, and cannot be used unless the reversing-handle is at the *ahead”
or “reverse’ position, and that the reversing - handle cannot be moved
_handle is at the “off " position. In addition to this, it
that neither handle can be removed from

woff " position.
iir of handles for eac
\Il handles for the same type

types of contre llers,

unless the driving
to arrange

the controller unless it is at the

There should be only oné ps
be changed from end to end. ¢
should be ‘nterchangeable.

Every controller should be so

f npcr;lti()n, and the
disconnecting the m

ature connection.

15 a great advantage
h car, and these must
of controller

ither of the motors may
aining motor, and
controller on the
When cutting it out on one
to cut it out on the other at the
troller is put into

arranged that €
car worked on the rem

be cut out o
otor in the

this should be done by
positive side of the arm
controller it is best, though not necessary,
same time, in €asc this is forgotten when the other con

it must be remembered that the

use.
with one motor
cuit, and due

[n starting the car

full voltage is being put d the resistance in cir

care in driving must be observed.
Resistances.—-lntimatcly connected with th

and controllers are the resistances, or rheostats.

ally made up for the sake of convenience into
facilita sition of them in the rather limited space

te the dispos
They are placed under the car framing or platforms,
fire-proof lined boxes,

across it an
e operation of the motors
A set of car resistances
two or more boxes,

is gener
or frames, to

usually procumblc. .
and occasionally under the car seats, 1n propcrly .
be carefully ventilated. The resistances must be able to with-

for surface leakage must be

which must .
and opportunity

stand vibration, wet, heat,

reduced to a minimum. The design should be such
quickly dissipated. The material of the.conductors should preferab]y not
vary to any great extent in resistance with change of temperature, other-
wise a hot resistance will mean an unpleasant and jerky acceleration of the

car. Oxidation of the material should not occur under the conditions of

service.

Trolleys.f\\’e will next turn to the trolley
dopted depends on the style of car.
le to be said, and the trolley may
f this type, which may

that the heat is

or collecting arrangement.
The type @ For single-deck cars there
‘5 very litt be of simplest constructi(?n.
Fig. 224 shows a trolley o be taken as representatlve
of its class.
With either

vor IV,

portant that the

sizle- or double-deck  trolleys it is im
‘ 68
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movement of the arm is free both up and down, and around the ('(?-Htll']l(].
Pivot, so that the variations of the line-work may be followed })'\. t T
trolley-head. Also that the pressure of the head on the ]l.ll(: at the vary I::T
heights may be nearly constant. The tcnsuu.l (:mpln_\:ul !'u: t("I)II.L-llllilil t:
wires may be from 15 to 20 lbs., and for side-running wires from 22 '
26 lbs,, lT;C&lSlll"C(] at the trolley-head at a maximum height of the trH”C.‘]
wire. In order to protect the wire and the guard wires all trollevs shoule
be provided with adjustable stops preventing the head
a predetermined limit.

Considerations concerning the design of the
somewhat complex. The body and pole of the st:
insulated from the live conducto
as a further precaution the standard itself should be
connected electrically to ground, preferably through
a device which will indicate if there is any leakave
going on.  This condition of insulation renders it im-
perative that no rain should find its way into the pole
or standard, and also that there js no possibility of the
insulated cable running down the pole and standard
becoming chafed, or otherwise mechanically injured.

from rising above

double-deck trolley arce
indard must be caretully
r, for the protection of the passengers;

and

Ball-race and Kupruu] w be made
te prevent escape o Balls

Fig. 224 —Single deck Trolley 1

Jase. Dick, Kerr, & Co., Ltd.

To prevent the cable being twisted
of the pole to nearly one revolutjon,

To be successful the mech
at for repairs and adjustment
sions. At the present day t}

a stop is provided, limiting the swing

anism of the standard must be casily got
it must be simple, and of reasonable dimen-
1€re are quite a number of different types,
most of which may be counted as satisfactory, and we illustrate in fig. 225
(@) BT.H., form B 25 (6) Estler; (¢) Dick, Kerr, & Co., type T.S.; (o)
Blackwell, type S., a selection of four kinds.  Of trolley-he

a very large variety, and it would be impossible to note in the space avajl-

able here one-quarter of them, each possessing some distinctive features of
its own. We will therefore confine ourselves to illustrating (fig. 226) an
example of the straight-running type of simple design.

be of moderate diameter,
suit the size of wire and type of frogs, crossings, &c,
with removable bushings filled with graphite, which
times during the life of the wheel.
taken to prevent the ri

ads there are

and grooved to
They can be fitted
may be replaced several

Precaution in designing is sometimes
m falling off when the wheel is badly worn, Radiat-

R()l.l,l\(;-.\l'()(‘l\'

)25

Various

Fig. 226.

Types of Enclosed Sprin
y

—-Tmlley»he:\d—Ftr:\ight-r

A\ND l-".Ql'll’.\Il{.\"l’.\'

Is
g Trolley Standarc

unning

o

n
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ing webs from tl
1e boss to tl
effectually : the flange are cas
lly prevent the flange from 7_1]“1‘:?’ cast on the wheels, and thesc
g. :

Accessori
ries.—I<ach .
¥ L equipm S
e Tor b . quipment should ;
reaking : ild be furnished  wi
g the current in case of emcr'rulhhtd l“lth tvo man
gency, anc for the
) ¢ veneral
o

Fig- 22

7.—Dick, Kerr
& Co.’s Ci
» & Co.'s Circuit-breaker Type A. 6
) . 6o, from D

gr??i??:ﬁ of the shed staff w
ese should
the mot be placed
in acti(znorma“- It is advisable tzt each end of the car with;
1, S0 as to cut o at one of t} car within easy r
Both switches sh luc’lc at any predeter _les§ switches shall b y reach of
ould be mined load € automatic

and they g} . prefe
y should certainly be abl;azl,ybﬁttid with an ar
‘ reak without d
a

c-breaking device
mage an rent
Yy current

R()Ll.l.\'(}-S'l’()Cl\' AND liQUll’.\lli.\"l’S 237
likely to be ',»;mw:d through them. \Ve illustrate an automatic circuit-
breaker with :m,-mllic-shicld solenoid blow-out in fig. 227.

[t is not a necessity, where an automatic circuit-breaker is employed,
to have a main fuse in circuit, but it 1s certainly an additional safeguard,
The fuse inserted should be of sufficient capacity,

and 1s rccmnmcndcd.
hance got

so that it will not blow unless the circuit-breaker has by any ¢
out of order.

The car cabling, connecting the motors, resistances, and controllers
together, <hould be made up in onc Of more bundles, having taps made
At the most convenient positions for connection to the motors, &c. The
joints must be carefully made, and well insulated. The cabling, if not
made up in multi-core cable, as is the practice of Dick, Kerr, & Co., Ltd,,
of Preston, should be enclosed in stout hosing, and should be bound up

at the exit of the taps and ends with stout tape, and treated with water-
In fixing the cables in the cars they should be run

resisting cnmpnund. .
r the longitudinul seats, held against the car sides by

when p(-s\'il)lc unde

v <HROUGH CENTRE OF T L
o v € he usE , heonu.over THREADS
. o3
e [ -
— G
B IS r TAPER
H Ny, OAMAT DEGINNING O
u
~TOR PLAN OF PLUG
COoNNECTOF cLOSED " U0 w0 o8 87 -
fo /114 TURNS FOR 8C rew of 20 TMREADS TO INCH
r—/”——" B LR RL I — T,
I SRS | l.-———-.———-—--'” by - — .;:.A@."
" —=t Koam

—

Fig. ~28.—Patent Screw-cone Connector

t be placcd on the car floor, as this interferes
and collects the dirt and dust. At the

leather slings: they should no
ugh the flooring and travel along

with the sweeping out of the clar, 1
4 ass thro g

end of the car body they should pass -

the end-sills till opposite the bottom of the controller, and then be run

along @ phtform-bearer to the hole provided for leading them into the
o g c

controller. ) . . ) Les ;
S Joineers favour the idea of using Junctlon-bo.\ea for the con
bl

nections between the cabling taps and the motor taps. The ordinary four-
sgl'e\\' éonnector answers the purpos€ quite well when carefully insulated

- icti e.

with rubber and friction, tap ) }
hi OV or ractical value 15

An ingenious connector ¥ hich has PlOVCd of great p

illustrated in fig ,,8. and 1S known as the screw-cone connect;)r. It
. S o M - ol g
ensures good electrical contact, is €3Sy to fasten and unfastelfli L 1ms 1;1(1
metal screws projecting, which sometimes cause trouble by chafing throug

the insulation. . B :
Licrhtninq-arresters should be prov1ded on all trolley-cars; but in the
gf conduits or surface-contacts and storage systems they are un-

cessary They should be capable of dealing with 1‘epeated discharges
neces . _

i g t.
i attention O readjustmen . i |
" Ml;)lm choking coils, which resist the passage of all oscillatory discharges,
1 1zlebe mou;ted in series wi trolley-conductor, and the arrester
shou

T

JR—
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should be connected on the trolley side of the coil,
being electrically connected to the rail or earth connection.

Brakes and Braking.—The question of brakes is certainly a most
important one, and should be regarded by engineers as o
moment to the means of propulsion.

It—should be the aim of all engineers to have the brakes simple in
design, positive and certain in action, and capable of rapid application.
Each brake on a car should as far as possible be a Separate unit, depending
in no way upon any other of the brakes, so that if
it in no way affects the operation of the others,

The Hand - brake.—The ordinary hand - brake,

platform by a ratchet handle or hand-wheel, is
car constructed. The mann

the other terminal

f quite equal

one becomes inoperative

worked from either
applied to nearly every
er of applying the shoes to the wheels varies

» and reference should be made to the

struction.  Provision must be made
for easily adjusting the wear to the shoes (duri

and for the automatic equalization
shoes should be capable of being removed and
a minimum of trouble,

A ratchet handle js preferable to 4 hand-w

on the platform, and enabling the brakes to be applied more quickly. If
the handle comes to an awkward position it may be pulled back, the spindle
b.eing held by the foot-dog provided for that purpose, till it is in 4 posi-
tion of greatest convenience for the motorman.  The brake spindle which

projects down. through the Platform floor js attached to the tryclk levers by
a rod and chain; it is advisable that this chaj

» which winds s spindle
should be supplementeq with a nds on the spindle,
chain breaks. = There should al

heel, as taking up less room

can effect a tota] Pressure on the whoele of the ba e bl o oy ppength
of the weight of the car unloaded,

Slipper Brake.—Inp addition to the hand
arilothfar means of retardation, |y cases wh
negotiated, and none of them Severe, it is g
emergency brake hereafter described. Un
hand-brake should be sufficient tq contro]
may be considered mere]

-brake it is imperative to have
ere there are few hills to be
ufficient to Provide an electricy]
der ordinary circumstances the
the car, and the auxiliary brake
Y. Where there g

steep or long gradients, It
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‘ LING-STOCK AND EQUIPME |
o and release; (&) cu‘sh.xon-
‘ abour and fatigue
umber of work-

. jcation

: antancous ‘ll’pl .

fh} IMStaniat (¢) saving of 1
(¢) small n

Hiralee re: .
worked brake a . - slippers;
' Tect of the air upon the H. action;
g e Jositive and sure ac )
DOS -

to the driver; @} i

T (ot 3
ing parts. The shoes ‘
arc pressed on to the

rails by direct air pres-
sure, the release being
made by means of
springs, which lift t?)};
shoes from the rai

when the air pressure
is reduced.

The Electromag-
netic Slipper Bral‘cgz
—\We illustrate 1S
brake in fig. 230, as 1-ni
volving quite a xl?\re
feature in brake dehl_‘?lil.
The facility with whl'ctl
this brake may bed dd ,/_-. ——
tached to any stan arn /p;g. ——~
truck will be clear frof

i 1 ac-
ustration. I
the illustra o '+ from
tion it derives 1ts po};\cthe O e i Oft-tw
’ sratil
rotate DY e operating
are made to «citing the magn%t . lbmking
obtained for e.me {hrce sorfick
There
shoes.

Slipper Brake

nerators, whlc11
he energy thu::
he wheels
he

-ar motors acting as g¢
i he car, using t
the track and t R
involved, namely:

. Track
] r Traction Trac
b ;< Brake attached to Brill Maximum ! shoes

*lectromagnetic bT? 1 brace =
Fig. 230.— Electron ssure Of the '
-ail; () the pre ; the load o

rail; ( - axles by
{ the slippers to t(;]-ea eﬁ;ect on the car axl
sjon O he retarding
adhes (¢) th

on the wheels;

‘ y k
€ T

g 1 )

e L7
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implies, i

is i'ery,st\,:?;y adapted for use in cases of e

into operatio oll)] the car, equipment

small l‘e\'::rsi:g hya 5(;1]Uttlng off the

trol}eti;Qver, takinc:1 cfreo?l to the emergency notch, m: ke g

position. That is, if t‘h o the handle always )'1:.\.(“ ed on the con-
y € car 1s moving Ys passes through the “off”

to its utmos fhitocse
ost extent t orwards the h:

4 owards : ¢ handle .

ards the motorman, and if th le m;x.\t be pulled

C car be trav ]]
avelling

backwa n d
rds the ha
nd] 5
S i - € must .be pushed away fro i
baoCkwar Sitnion orfl_s lof this brake diagramm'ltl' ltlhc The
. g atically
it d{ th0 o everse handle ¢ ording "0
P e € (acc
the ind r) merely crosses oy ‘ mrdln,, e e
. uced current in th n ernthe S ! Ey
the induced o ent in Z a.n fore ay flow s connections, so that
d n to the residual magnetis a the
agnetism of the poles
e ]

mergency :

. ,-1..r,bmc'\’ t’hic stop produced

s H»Lngcrs. I'he brake is put
olling handle, and pulling  the

[Fio. 221
S Bl o _.)
I'be forward or

field windings
and thus build

2 MOTOR NO. 1
| up the E.MLF. of the
motors, T
i " tlor.s.‘ I'he product
1e EM.F. and the

.resn]tant current flow-
;)ng round the circuits
f:n]g practically the
: Batt.? absorbed in
lrakmg the car. By
— éle very nature of the
) erc;ucc the braking
o ect upon the wheels
y ‘s Proportional to the
speed of the car and
MOTGR NO. 2 ]f gy rch
‘ greasy track
i the wl id the
g e leels skid, the
2 lgh]y Ny h brake at once releases
tlrought into action (’)winwt a resumption of rotat e moment,
e i : g to the . ‘otation th - . ,oa
- ‘ ton. O, ) there beno - e brake is
the m e g € no external res;j B
, g. The brak S the s

rest, as there j AR 4 il e
oty HS e rele i -

g . provision S oy un

e e S for bl(t))wmg out the t:{]l_ the car
rake should potied

AA1

15 again
ance in circuit
peed they are
dhas come to
by break;j

. . by breaking
¢ applied with the \\’l\le(:]
v the and-brake should
e o rgen.cy brake then

Y evident that this

O]le}‘- \% . IJ() adKe llCh
V
W

el
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_and continuing the
four or more brake
amount of external resistance for

aking device is provided, so

swinging the driving-handle to the “off” pnsilitm

motion on to the brake notches.
notches, each representing certain
regulating the effect as desired; an arc-bre
that the brake may be taken off or adjusted from hoteh to notch without
damage to the contacts. Should a car be standing on an up-grade and the
hand-brake fail, the electric brake may be employed to stop the back\\'.?rd
motion by bringing the driving -handle to the “off” position and pulling
: '\q-il:m(llc, as if driving the car backwards, and then operat-
. ake notches. Pulling over the reversing-
tions to the armature leads rendered
armature rotation.

There are usually

over the reversit
ing the driving-handle on the br
change of connec
of the direction of the

handle makes the
nccessary by the reversal
Air Brakes.—
Air  brakes for
tramway purposcs
arc  nearly all
worked upon the
“straight " air sys-
tem, as distinctive
from the *auto-
matic” air  Sys-
tems employing
a triple valve as
used on the rail- )
ways, where the L
length of the train
and necessity forin-
stantaneous appli- \"
cation upon all the M
coaches atonce ren-
ders the straight air

N

estinghouse Brake Company’s Geared Compressor

232. —\W

system unsatisfac- Fig
s he Str'mght .ate one or two trailer cars quite successfully. The
ill oper” 1 the same blocks as the hand-brake,

brake, the brake

air system W
brakes are geners
and in order to Prov
cylinder is sO designe
moved along the cylindcr;
abut into a cup—shaped cavl
attached. The cylinder is sn

de to act upot

for the free oper
ing the han

aged by making the pist
hich it is not actually

ity i i to w
ity 1n the piston, : L
Jole-ended, and the piston 1S 1etun:)eid to .the
y -essed ai itable spring.
i S 1e compressed atr by a sul ing
head o ek v re]eabe(;)f tloen traglway-cars may be divided into
vy ik emp(log’e ll;pdriven COMPressors; (&) motor-driven
. ; X i
- adings, as follows: a) a n . ;
three 1 ot (¢) storage A short description of the leading featuéets of
65501;' of intcrm:’ (a) The compressors are either of the g;ea{e ype
3 . H ~ .. - 7 l.
X or are eccentric—driven; in each case they del'lve tlenfdpgxxfzr
2 ¢ . . " s
% le, and deliver the air into suitable reservoirs provi fe i
S ‘\' . ‘o ’ 1
1 ATlla compressors are specially designed to allow o
Al ¢

ation of the hand- .
d-brake the piston 1S not
on-rod end

ly ma
ide
d that when us
this is man

compr
each may
(see fig. 23
from the cd
the purposeé
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Couming

Fi .
Cl Air-brake Equi

being

g attached

betwe to the axle i

en the m axle i the space le

hub. The co‘;:iOr axle bearing and tl}’]‘(‘:ci-'lld;

with automatic pressors should be fur ‘\~]LL

owtes. control, so that the urnished
X ’ 1 . ) 4 'l 3

mined maximl;lto, operation at an .) il ent

resbrvvid The]: and minimum P"Cigup' cflctc,--
> eservo: ssur

;hdret)'-\'alx-e of sJﬁﬁr‘.‘"rs should be ﬁtti(;n tlt]lc
1€ air sho cient capacij Wit
ul l)(lc]t 4 . .
act. [t Shou](i] ﬂ;e compressor c)utt“ deal with
als : -ou a1

to draw off the Dt). be fitted with a d;t-'l'ﬂul to

atmosphere. T vater condensed aincock

passed s . he air fro sed from the

11 straight to the b m the
€ operating or servi '

service

reservoi 15
ake . inr 1S
\.al:ylmder through
d of e,l one of these
througt ino the car, the ex-
gh a muffler. O g sometimes pass

pressors the e 'h' n certain types passed
xhaust air s m"xd)e[ (Eh (1)f b

‘ o lift the

> y n SO f()
h 5
St (G4 ar

g up reliey
QUty, Whatevert?‘e the motors fr

1t must be quite d ype of compresso .Ol‘n extra

and absolutely 3 ust-proof and selfrlls adopted

utomatic in actjon —-:b“cmi”g,

» 1ts position

on the ca
I necessi .
and the latter belit?tmg the first two cond
ng onditic
g ons

0] ori c

traffic ( S :

. (&) F car in safi
or Satet

large cars, and i;i’ through the

cases wher

the car ases where

s used C'le‘lh axle, a motor-

€ 500-volt € motors are, of

tramway circ;it

the m itch
otor co COntl'OlS
fmpressor, so thz:?etgpemtio" of

€ reservoir

Pressure m
. ay b R
switch should bee kept nearly co
capable of being nstant;  this
operated b
)7

hand if
required. 1
Crlg' 233 shows t}
hristense e general

no
driv room o
. rse, built for ¢h
automatic sy

best advan-
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avy cars they undoubtedly
neral use they offer

ROLLING-STOCK

and brake, and for he

In cases where trailers are in ge
ple attachment of a hose-

king by hand, as by the sim
e cars and trailers, and the addition of
brakes of the whole train of two or
front platform. When trailers are
apacity must be provided, and in
application it must be taken
from the service valve to the
are exhausted

air, and
Pressures of over 50 lbs.

are generally obtained

quickly than does the h
are of great benefit.
n(‘l\';ml:lgcs over bra
pipe and coupling at each end of th
a brake cylinder to each trailer, the
be controlled from the
used additional reservoir and compressor €
?;ll(:lll:ltillg the amount of air used for each
into consideration that the pipe connections
C}ilin(lcrs are for each application filled with live
with the cylinders on the brakes being released.

) are unusual, but when met with

more cars may

per square incl

Fulcrum {

» hand braic staff

=
ing for equalizing Brakes on Bogie Cars

Fig. 234.—Rigs
) stages, and compound compressors are built for

yed by the

by compressing in twe
uring the

this purpose. (A
ake rigging emplo

Fig. 234 shows a very efficient style of br
Westinghouse Brake Company for use on double-truck cars, ens
equalization of wer on both trucks. .
Sanding Arrangeé With self—propelled vehicles tl'me
sanding the rails assumes @ far more important aspect than 1n the case of
hhorse cars, where a box of wet sand is hung on the Fiash to be strewn on the
It has been recognized that dry sand fulfils
ing to its

track by hand when required. ' .
its purpose petter than wet, as 1t tends not only to give & grip owing
ossible to scatter

gritty nature, but also dries It would be imp
1d way, as it d therefore proper

the braking PO '
ments.— question of

the track.
would be blown away, an

the delivery-pipes leading right

dry sand in the o £

sand-hoppers are fitted to the cars with |
down to the rail head. The sand used should be sharp and gritty, an

e car hoppers should be thoroughly dried, for

in the car depot. When the

aced in th
are generally constructed

which spect nst _
‘ved from the seashore 1t 15 sometim
baking, in damp weather it
We instance two well-known typ
ino an inter e: and the

representing mittent-flow type:
us-flow type: The hoppers ar€ worked from the

pefore being pl

jal ovens
es necessary to

will absorb moisture an

even after

the Ham,
the continuo

wash out

es of sanding-gear:
Common -Sense,
platform by
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the motorman’s right foot pressing on
type, as long as the plunger is depressed
advantage of giving an even distribution
always the danger of the v

in the way of it closing, and
the motorman.

alve becoming stuck by
allowing the s ]
In the case of the interm
and releases the plunger alternately ;
with fairly even distribution.
four hoppers on e
usual-practice w

It is now becoming
ach car, and so sand both rails.
as only to sand the off-side rail, le

Lo,
FonCaere Leass |

1

"
48 STO.TRACK GAUGE - = oo - .o

” s
| fa% s
Cottan Boner - '
TO SUIT AxLe — . | N
) — "~
!
IMINJ IMAXJ

l"ig. 235 ADJUSTABLE AxLe CoLLar

the necessary electrical contact,

employed, for the off-side and 11e2r-§idaed\gcs>izlse’tlc)f £0Ur hﬁplzlers e to be
pe'tfihal}s;,. placedfnear- enough together gq that thé mot:rr‘r‘:::q{ianbg sep?;)rat}(;
::nd islssgrl;Zti(r)'f?éslie?-écessary' Of] large cars where ajr brakesov-e I 'O tcl
S served to the raj] by means of an air blac.. are used,
is, however, exceptional. alr blast; the practice

Car Trucks.—The c;

\ F trucks for electr: .
designed not only to carry the cqr 1 g Ctric-traction Purposes must be

- : . 24y and to giye ; idi
motion, but must also proylde for the Suspension gf thet ril:)teasy' ndmig
su . ors in such
Minimum of vibration, The tractive

. xles to the axle-
he side frame €
m of Springs, g, those

nd it is through these
car body, whicl, in the case of single-

a plunger. With the continuous
the sand will flow: thus it has the
of sand along the rail: but there is
a small pebble getting
and to slowly escape unknown to
ittent type the motorman presses
this pumps the sand on to the rail
quite general to place
The older and morc
aving the other clean for
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truck cars is bolted to the truck top bar. It will
the springs must not only ensure the easy

withstand the horizontal strains of rapid
out undue pitching.

The most usual method of suspending
a large percentage of the weight of the
through the motor axle-bearings, the back end of the mo
with a bracket or other means of attachment to
on the truck side frames entirely on springs,

fig. 235, and is known as the © Nose”

Trucks may be divided primarily into two distinctive classes
the rigid four-wheel truck and the bogie or swivelling truck.

class may be again subdivided into maximum-traction
types.

Rigid Four-wheel Trucks

be seen, therefore, that
riding of the body, but must
acceleration and retardation with-

the motors is by carrying
motor direct on the car axle
tor being provided
a cross-bar supported
This method is shown in
suspension,

, namely,
The latter
and equal-traction

~—This type, owing to the popularity of the

short double-deck car, is consider-
ably in the majority, and is suitable
for carrying such car bodies up to
about 20 feet or more with easy
riding, though the majority of
trucks are carrying cars of 15 feet
6 inches to 16 feet 6 inches over
the corner Posts, in which case the
wheel base, or distance between
the axle centres. is not necessarily
more than 6 feet, Wheel bases
Most commonly met with are 3 feet
6 m'ches and 6 feet, and in some
Special cases s feet, 6 feet 6 inches,
to keep the wheel base as long as
ITVes to be rounded. It is evident
e difﬁculty in rounding
ase will round with comfort
cl)n sharper curves than this
e Ule can be laid down. as a
he section of the rajl employed and the [,)roﬁle

braced in such a m

Fig. 237.—Section of Brill Axle-box

or 7 feet are adopted.
can be comfortably worked with the ¢
that the longer the wheel base the grea
curves. It may be taken that a 6
a curve of 35 feet radius, a
if it is found necessary,
great deal depends upon t
of the car wheels,

The trucks should be Cross-

curves or taking points they are aple to withsta
without racking the car underfrarning. ‘

We illustrate in fig. 236 a standar i
. . B v
It w1ll' be noticed that the side frames aigl 01;0(;n

make, and the man

It is advisable

anner that w

hen rounding
nd the cong

€quent strains

single truck.
€ piece, thijs being
ufacturers clajm for
the incessant strains
ithstood by the bolts
together, Extension rods are pro-
Xtra long car bodies, We reproduce an

1 axle-box ;- this box may

vided with this truck fo

. r use with e
illustration (fig.

237) of the Bri] in section
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ROLLING-: B
or for oil with equal laclllllt).llirc
Il be self-lubricating, :131(1 shfl ‘rcqtion
refilling and occasional inspection.

ide, and

Jjovable from the outside, o
; v be removec

t means of

be used either for grease .tll}nu] ition
g . N nals shd

is necessary that the journal .'] fical re
. -m«-ntit;l\ other than the perioc ( ‘l\i]\- -

M ) : ) " ‘er e -
- . is provided with a cove L. » brass ma
[he box is provide t collar, and the saddle b eight by
or thrust coliar, ant © 7~ of the car weight ] ¢le-box
y ination by relieving the pressiis The outside of the axic > l
o (.'\‘m-“nlll ‘hserted under the truck h':unc.l ide of the base on which
. acle se . A S e
a small jack ‘ded with two wings on each | springs. The axle-boxes

ide ;piral springs. R
e ol Prl' . mes rest supported on hl{)“l l\\itl:plent)’ ofileaialig

-uck side trames rest s .ide frame W
the truck side Ir lates of the side frat lates
: . 3 ates O : » horn plates.

. the horn pla . . ywn the ! i
should fit into ‘hould be free to ride up and d «cen the side frames @ 1
and the boxes should the Brill 21 E truck e d two semi-elliptica

- .ction in o A orings al

[he cannestes le by four spiral springs i being placed at the
the top plates are made b. he elliptical springs DEINS

Al " the action
e truck, tthcil' function being to steady

WIS 1 (8] g Lt u p
\.i S€ \\'Ou!(l ;1“0\\- the ca t >
er .

the check plate,

and

Sl)l'illqﬁ' each side of l!l s
extremities of thc_ Sl)rlnf‘fl ic(h ‘(,th
of the spiral springs, % 1-Cill'ltor\' motion. le of t
thmic pitching or O5€TF0E 5 0 o6 an example of the struction
a rhythmic pitc Flr-\\'hcclcd truck is a eciation. The construct
The Peckham 1ot ¢ with considerable appreck
. > \' -
| has me

«arv that the
: . i necessary tha
» this out it 15 1
: 1o and to follow
nclp]c‘ an

. axle-boxes,
fit tightly in under the a.\!eor Y
illing pieces made to it is necessary to spring Of q
v« have fAlling ) o ‘it f ssar) >y
horn plates have se for rewheeling the ¢ ruck the weight of the car o
and to remove these [n the Peckham tr s Shingbiataente:
lates slightly. of the axle-boxes, springs L
the horn plates 555% 1 en on the top ‘e will first deal with
ames is taken ie Trucks.—We wil 11 ol X
, ' Bogi -acti uck. : Na:
m-traction th% ma.\'imum—tl‘lctlon trl mi\t sl of ngld
cnown as . Sl :
of bogie truck ]\no\; l;re circumstances will nf]); !u‘e required on each Cla'l.
: . > OLene se, this
. for use W .re two motors . Y ) ey 1
designed S where ith - their shor i
fourhwhcel truclxh‘lantduc]'s in general Hith ‘lthcroundinﬂr of curves which
= (&, ' Dy . ]t tes the g l bases.
. .c of doub eatly facilitates e
['he use , 4 feet, greatl} . ucks and long : 1
. only 4 : el sinole trucks g g v
being usll:’l”); ly Iie ne;’otlated \\lth].nr‘ o ingheshor 3Jd,' chesy
t sale€ S ivino - wheels @ 4 ; ] &5 i A |
could no ;ino the driving |s are 20 inche: R
-ally speaking . trailing wheels : +ch of Whith
Generally ‘le the pony or trailing ot AdkBels et O
2 or while the | ounted upon eig eoar of the wheels
CIBMESR at if a car m p driven on fo of
I e equal th' e of its weight, Onlybt ined will only be half
taking an equal share cioht for traction obtd
g D). the weig
: 7 '1,\'105)‘
(ie. two <

he built-up side-

frame class, anc -
is on the cantilever |

truck side fr
Maximu

o e course
ruck; this is of
-wheel truck; s
mounted on 2 fouf U of the weight ofl th met(zl r
hat had the car been M ion of that Polrtlon Consequently it 15 Pe! etcori
that Hes ; cons vino - axles. Vv i our motors,
eliminating ?ln)].c ¢ on the driving - € . p,.owded with fi
direc bogie car, )

ich comes 1 bO§

which

-actiol
- equal-tré irable.
clear that O e, is not desira
1 Al il

- cent
s of 75 per
< allows
aximul
the ms
nent of

11-t1-;1cti011 t1~uC1 heelS, to \\'hiCh

.1 'nO’-\V
one on cacl e driving that only

ing on to tl

; : ors, SO
The ar,-:mge!f the car weight co}nthe weight of thelmoﬁar ,and i
ent O . nortion © ioht of the ’ .| « This
8o per € -eater PO e welg A 1poSeEs.
to i l added a gres or cent of th ¢ for traction PurPesE to keep
must be cent to 25 Pl motors, i los nv-wheels
er the H
from 20 P t of

| the po

: ) o compe

weight OF *0=  csary t . tu

portion of thte-.; th:t which is nece able improvemen p
ll] ]' (e [s

small amotu

. .
tl](: I s \ ce 1S a C
« .

on equal-tractice
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trucks, but it must never be expected that
will mount steep grades, and descend with the same amount of s:xtL:l)' and
€ase as a four-wheel truck which employs every ounce of its weight as
useful traction. Where large cars are to be worked, and steep grades
are met with, there is no doubt a four-motor car is advisable.

As only a small portion of the tota] weight comes on the pony-wheels
of a maximum-traction truck, it is necessary that the wheel-brake pressure
is divided in the same pProportion, or else the pony-wheels would skid
before the full braking effect was reached on the dri\'ing-\\'hccls. We
illustrate in fig. 238 a Bri]] « Eureka” maximum-traction truck, and it wil]
be seen to gain this end the pressure on the pony-wheel shoes js transmitted
threugh adjustable springs,

Bogie trucks generally, unlike the four-whee
to the car body in any way, but the body rest
cach side of the truck. [p the case of the Brill
rub-plates are supported from th
and spring posts, and fit into cor
attached to the car body, and ]
of the truck, which is located ab
driving axle in the direction o
the car body is taken on
projects through a suitable motjop, block r
in the illustration, The truck js also fur;
consisting of a plunger supported by 5 L

¢ plunger, pr
plate affixed to the car und

least when the car is on the
that the percentage of yyej
a considerable extent by a
this compression device sep

The brake-rods, in the case of try

gauge, are placed outside the Wheels, this also being the case with single-

truck cars, and in Special instanceg on the standard 4-foot-8.’;-inch-gauge
trucks where rendered Necessary fo, clear o

% ance required for air-brake
compressors or other auxiliary gear.

The brakes on the two trucks are coy
to the underframing of the car, to th
the pull-rods and chains Connected tq
By means of short chain
braking pull on each truck

a maximum-traction truck car

I rigid truck, are no
S on two rub-pl
maximmum-tract
€ truck side frame by two s
responding

t bolted
ates, one on
ion type the
iral Springs
angle plates of the same radius
I these are concentric to the

out 6 inches from the centr
f the pPony axle, The
a king-pin attached to t

pivotal poing
al point of the
thrust of the truck on
1€ car framing, which
unning in a radjal slide,

as shown
lished with

a compression devijce
€avy spiral spring, which latter is
essing upwards, bears on a metal
erframing, shaped so that the compression is
Straight tracl. [t is by this compression device
gllt upon the Pony-wheels may be varied to

djustment, The illustration we produce shows

cks for 3. foot -6 -inch ang 4-foot

nected to a crog
€ extremities of w
the brake spindles

s-beam attached
hich are attached
on the platforms,

In order to
, the connection betyween the
is made by radia] yokes, and the
ction-wheels funning in the yokes,
agged on when the car rounds any

< 0N curyeg
cross-bar and each truck brake rigging

pull-rod ends are provided with small fy
This ensures that the brakes are not dy.

curves, which otherwise would he the Case; this g clearly shown in the
llustration, As seen from the same illustration the motop is to be locate(
Dt xles, tl hei

tween the two axles, the arr being  almos;

- : . ; angement of Suspension
identical with four-wheel single truckg:
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avoid the ringing sound, these are
ed into the disc. The steel
ly held by set-screws.
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the case of disc centres, in order to

cars, where the b
conditions of :
service dema avy, |
nd the ext 72 OD8
xtra horse - , <
rse - power lt)rol\cn up by several holes being introduc
yres are shrunk upon the centres and are additional

obtained from f
. our motors
maximum-tractio y or where th i
n trucks. Th ; e gradients A1
to J . e : roh
wei(;\{letry “éhee] being a drivingt\l;’ahc:(l)n patc maximu?n Obltb'll't t:;;: i
, and therefore -wheel and beari ainable, owin The ¢ : 3 %
i can be classi : aring an : g entres and tyres are rovided with shoulder and recess to ensure
Zl:dgli c:ruck. The use of four :ﬁistf;d- in this respect “3?};] atl} e ojthe ﬂ.]c" taking up a proper rSIutionship to one another, and also with a
poor wgse?ue“tl)’.the average speed ‘rLch’e'ases the accelerati;e four-wheel view of withstanding the side-thrusts to which they are subjected. A
Whec:;s ?nhjsxn' » besides decreasing thenl(?s,fsthcfcars mileage of 20,000 to 50,000 miles, according to hardness and size, may be
xles.—Axles for electri ety expected from tyres which from time to time require turning up in 3
T s lathe. An ultimate reduction in diameter usually specified is about 1}
to 2 inches. With chilled cast-iron wheels we may expect 2 life of about

. . . -‘O)c::
'] - - n ave ag m"

eold=drawn, or h
’ ammered : the il
¢ er process is
be 25,000 to 30,000.
Car Fenders and Life-guards.—For the protection of the public,
tion has been paid to the provision of

in recent years considerable atten
sons falling or being knocked down in front of
lly-propelled tram-car may be protected from

;r]e.usual]y steel, but in
1s usually cold-rolled

jou
Journals of 3 to 3} inches diameter

ke
yway out before the wheels are '
o mill the gear

d int s
O position, W
. here
end- o
thrust some device whereby per
an electric or mechanica

$ inch approxi
> lmate]y for th
¢ recep- serious harm
of some of the best-known fenders which

th
e axle-box, and takes up both th
5
We will only include mention ;
Il, met with the Board of Trade approval during

weight of the car i
car 1s X forwa
taken entirely on rd and lateral thrusts
. The have, so far as we can te

shaped brass fi
- orms th . the .
int6 the axle.-bos e bearing surface, ] axle journals, and
n a malleable-i - In orde d a saddle-
=y the outside boss of e-iron dust-col] €r to prevent dust 7 recent years.
casting is generally PI: (tjhe wheel, and betar is shrunk on to thgettmg Life-guards may be divided into three classes:—
practice is to '~ placed a fibre ri ween this e axle
m rin ] 1 an . ; 4

machined over :1-::: 1?:: thelm all over, gut {orl.drlving ax?esthtieaXIe-box EZ; E‘:OSC Whhl'ChhprOJCCtlbey((J) i tcl; i c:}: e Jatform, but which are
otlatia urnals and railing or j general ose which are placed uncer e car platform,

pressure of between 20 anv;hgel seats. The 1\?,:,6 ?Xles are only without automatic action. :

O tons €els are ( Th laced ler the car latform and which are automatic
pressed ¢) Those place unde p ]
in action.

ovidence fender, and in
hed to the front of the
rds till a few inches

gauge-
ge-point of each wheel equidistant f
ro

e. The ,
a) Of these guards the best k

obse
rved to ensure that they have not , suffici
no B Al P s
y being
America it has become very popular.

practical limi mor
should va mit allowable i e than .
ry from th € 1n pressi 1‘10' inch variati
the necessa e track gau SIng whee] ariation, thi
: ry cle ge by fro els. Th » this :
33 inches, wieelsag?‘ngzs'. 'Il;he usual di;?nfteto Ts inch ineo‘:cl;eelt gauge car, and pro;gci_s from there for.wardhs. ;ndb;itc::;\i\;aﬁ gl 555
et Inches di I of gosace to, gi , forming a SC00 in which o t up.
chlllet(liyal They are usually ?;a((iilameter being the wheels is from 28g “t,g (I)rf;{ ct>lr]§e§ rtoougvoid rinjuligy to per§ons caught up, @ spring buffer is provxded,
have set r(})]und the flange to a d e of cast iron anzln oSt popular in th upon which they are received. The fender is constructed mostly of metal
process -t ey are removed from tehpth ofiito § inch n the casting a:S strips and rods attached to metal castings; the end of the guard is provide
in order to prevent uney ¢ mould, and subje:ct After the CaSti‘n 2 with rollers, sO that when coming in contact with the roadway it does not
€n contraction ed to an anneal; §g buckle, but rides easily over it. The guard can be folded up when not
e U d to the above is the Dover Jife-guard. This is
cheaper to manufac-

A much similar guar
d consequently

nd projects to a less

be touched -
even b

by means y a file, so th o h

! of e : { at an : ard th

from chipped rgery grinders, Cast-xror}: irregularity muyst l:t th.ey (OREISE 1 :

e anges, more especi chilled wheels ¢ trimmed u somewhat lighter 1n construction, an !

, structions get pecially where are liable P ture. In operation it is found to be very efficient, @

nails, & Into the rail the tr to suffer : : 3 f detachment enable

om ,1 ¢. The use of steel all groove, such ackwork is bad degree than the Providence. Its lightness and ease of aetac h

grgi ar. The wheels are Cor‘]t}.ged wheels is ge as large-headed f, o8 the use of only one per car, put if two are used the oné not in use may be€

er car mil siderabl nerally b rost-

a degree frOml fc:}a:lge ti’llan cast iron, }An;?l'e expenSlvé’ b::Ommg more fOIdebd Y}I?ﬁflytl;,%e is represented by the Peckham life-guard, which till

tyres are generall pped flanges, and tak% 0, they.do not sUf;V L elvolle te recently was almost universally adopted. The Board of Trade
y mounted on wrouglt a better bite of th Fhtonsuch oy tors have now more or 1ess unanimously condemned this type: It

e Sl Alibe lgse[zz;:ore suffices to say that it consisted of a horizontal framework led
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in with wire-netting formin
attached to the truck sid

springs attached to the truck tail-board o

Car Platform \ Q. X *,

WAYS

g a kind of tray, the sides of the frames being
e frames and the fender being supported on

the car platform-bearers, A

Platform. Joist ‘ “\‘.‘r

PP i

Pt

Fig. a3q, —Tideswell Life-guard

rovided to qur J
board. P Prevent injury from contact with the tail-

(¢) The best-

known fenders of this class
the Tideswell, and Hudson Bowring. Speaking generally, they operat
of guards placeq ETRetarns i

similar principles, and consist

are the Wilson & Bennett,

under the platforms which

Oxxx e o)
AALSSB
100 &

O15 110 | 014 16¢.2.105 voLr LAmpg

o]
3

130 | O12 160

90
8 > g 05
O O
TROLLEY
>A( 1 2 3 4 5
O o o O—O0—_| A.comsingp BWITCH & Fyage
Q A 2 s s A B.Two way 8WITCH
W 2.3.7.8. INSIOE BODY LjanTg
5 3 5 I o 15 4.5,9.10, ROUTE INDICATOR LIGHTS
x_0~0_—0—o-':2:8 13.14. RooF LianTs
TS Q 11.12. canopy LIGHTS
15.16. pasy LUaHTS

1.6. siGNAL LIGHTS
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: : / aths and wroug
thorouch efficiency. The Tideswell is bu.lltﬁof \:Ogd laths
d C’;t iron. The fender is illustrated in Ag. ‘2ﬁ;l diaginaiot e
an C ‘ i hting Circuits.—In fig. 240 we gIve a'usulated b vulcanized
deck a(f'xr gwiring. The wire used should be l:lsass The size may be
ubbcr( heavily braided, of the 2500-mcgohm Sty s usu:al for
) 22 5' W.G., which is amply large cnf)ugh f?‘; % .inch brass thread nipples
3/r“wo;k ;h;t all fittings shall be prowded thligm Sractice where screy vj
?gr the JampRe S which, contrary £0 AT}: l;ayonet-socket type, thus
socket holders are in general use, are of j

B.PO —il— r:.@é"‘"
8.P.© B..

SHES,
Lt N.B. FOR SINGLE DECK CAR,LEAVE OUT RooF Pu

4.
No.,OF BELL PUSHES IN Car Booy e
' ATES THE BELLAT THE OP!

©R.P.
cR

ity EacH PLaTFoAM Brtt PUsH (p.P.) Op
EnD OF THE CAR TO THE PUSH.

@P.P-

B.P.O®

B.P.@

DIAGRAM OF CONNECTIONS

S. 3 POINT SwITCH

P.P. PLATFORM PUSHES

R.P. RooF PUSHES APPROXIMATE
B.P. BooY PUSHES el
B.1. BATTERY

B.2. BELLS

Connections

: jagram of '
+c-bell Wiring—Did
Fig. 241.—Electnic be lected for

d be specially €
i d cut-out,
+ od switch and €t
be controlled by 2 small combine of withstanding 2
Each circuit can be

ble
|d be capa
or by two separate devices. These shou

d of bell

jrcuit they ular method 1f-

dead ‘carth._anywHCHo g thg :::tl:r a diagram of 5 pVOVF; believe, qqlte ts‘;e
Bell Wil’ing.——we produ The diagram 15, HeloF the graVltY YP&

1
: vever, shou
utilizing standard lamps, which, hos

series running.

) e
wiring for a double-deck cagvour single-st','Okemt();e convenient for €
explanatory (fig. b21412:- ;}Z: out of order and particulaf
as being less liable to

signalling.

g 11 in
Official Publications.—For f:l in part shou licable to the system
system the following in whole © s and Orders app

1. The various Statutory Rule New L1ncs and
question. (B.O.T.) )
2. “ Memorandum Regardi
Equipment.” (B.O.T.)
3. “Regulations made by

trical power ... &c” (Station

ion of
Details of Constructlo
ng
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4- Mem < } .

5. “Guard Wi
dum. (B.O.T.) ires on Electric Tramways

6. w6 GUard .
andum. (B.O ’¥V)|res on Railless Trolley R
. ' ollt(:s ”»

7. “Post Office Circular, E. | 7.

. % ” :
&c.”, Explanatory Memoran-

» Explanatory Memor-

S ——— —
- sl

INDEX TO VOLUME IV

A

Accessories for tramways, iv 236

Ac
cumulator system of electric trac-

tion, iv 221.
2“ br:ll_(c, Christensen, iv 242.
Anc.honng of support wires, iv 12
rresters, lightning, iv 152

B

Barns and bridges, car, iv 173.

Bentley-Knight conduit system, iv 177.

g:c‘:lpo?l'lf:onduit, iv 179.

ard of Trade requi v
Bota, Chicgs i"'qq\"rc:mcnm, iv go.
— Columbia, iv 97

— Crown, iv 95.

— Neptune, iv 96.

—,plastic, iv 97.

Bonding rails, iv go.

— .— conditions to be fulfilled, iv 92.
Booster, positive, iv 110.

Boosting points, iv 112.

Brake, electrical emergency, iv 239.
— electro-magnetic, iv 239

— pneumatic slinper, iv 238.
Brakes and braking, iv 238.
Bulb-blowing, iv 9.

Bunsen photometer, iv 29-

C

Cable areas, iv 109
— construction, points in, iv 124
— steel for trolley-wire support,
Cables, direct-laid, iv 114

— negative, iv 125

— rail-return, iv 91

— solid-laid, iv 115.

— telephone, iv 125.
iv 103-

Cables and distribution system,

Candle-power, mean horizontal, iv 33:

__ mean spherical, iv 32.

Candle-power of lamps,
measurement, iv 32.

Capping, iv 35

Carbon-filament ptcpamtion, iv 12

Carbonizing of filaments, iv 13-

Chicago railbond, iV 92

Circuit breakers, iv 237-

Circuits, car-lighting, iv 253

Clamps, terminal, iV 1 8

Clearance below con

Climbing points and
iv 89.

iv 128.

methods of

48.
ductor rails, iv194.

| Colouring lamp, iv 36.

Colour-matching, iv 34
| Columbia bond, iv ¢7.
Compound filling, iv 115,
Concrete, iv 162
Conductors, iv 195
— rigid versus flexible, iv 183.
Conduit system, adva

advantages, iv 180
— system, open, iv 177
Conduits, Bentley-
| 1377-

— construction of, iv 191,

— deep and shallow, iv 177

— design of, iv 188.
| — drainage of, iv 108.

— Love system, iv 178,
= Waller-Manville system,
| — width of, v 194
| Controllers, iv 239
Crossings, iV 88, 153, 173
Crown railbonds, iv 94.
Cubical parabol:n. iv 69.
Curve, parabolic, iv 68.

— spiralized casement, iv 68
Curves, radius of, iv 67.

D

Deflecting devices, iv 84.
Diamond picces oF frogs, iv 85

Distribution system

iv 200,

iv 59.
Dolter system, surface contact, iv 207
Drainage of tramway track, iv 83-
Draw-in wires, iv 121
Drawing-in, iv 121,
Dresden, iv 170.
Ducts, fibre, iv 118,
_ metal, iv 117
- stoneware, iv 118.
Dynamics of electric traction, iV 49-

E

Lars, iv 139

__ feeder, iv 141
__ soldering on, iV 168.

— splicing, iv 141.

Earth returns with mixed systems,
iv 205.
Efficiencies,

lamps, iV 45:
Elcctrolylic dangers,
Etching lamp, iv 35
Excavation, iv 161.

economic operating, of

iv 110.

emergency track,

Exhausting © lamp bulbs, iv 24.
255

ntages and dis-

7
Knight system, iv

for tramways,

1

Falk cast weld, iv 100.
Fault testing, iv 137:

Feeders, trolley-wire, iv 123
Feeding, limits of direct - current,

iv 110,
Feeding arrangements, positive, iv 107.
— points, determination of, iv 105

— systems, miscellaneous, iv 125
Fenders an

4 life-guards, iv 251
Filament mounlin_g. i

iv 20,
Finishing, lamp, ¥ 35
Fish-plate joints, iv 79-
Flashing process, iv 14
Flicker photometer, iv 31
Foundations and paving, iv 81.
Frog, Dawes’ cleclro-mngnclic, iv 152.
Frogs, setting of, iv 171
Frogs and crossings, iV 149-
Frosting, lamp, iv 3s.

G

Gaede mercury pumps iv 26.
— molecular pump, iv 27.
Gas-filled lamps, iv 36.
— — photometry 0% iv 36.
Gauge, shortening at cury
__ size of tramway, iv 59
Geissler pump, iv 25.
Gradients, tramway,
Griffiths-Bedell system
Guard wires, iv 175

es, 1V 73

iv 67
iv 220.

H

Hangers, anchor, iv 148.
Hangers and insulators, iv 141
Hewitt & Rhodes brake, iv 238.
Horse-power, calculation of, iv 53¢

I

Insulation, conduit, iv 184, 197
Insulator, Bell, iv 148.
Insulators, design of conduit, iv 196
— fixing of conduit, iv 196.

— mechanical strength of, iv 197-

__ section of, iV 197

__ strain and globe, iv 145.
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Jointing, iv 124.
Joints, anchor, v 8o
— welded, iv 80, gg.

L

Lamgp characteristics and life tests,
iv 39.

Lamps, gas-filled, iv 36. :

— incandescent, historical survey, iv 1.

- fz ;nx pr ) iv 7

— useful life, iv 43.

Layout of broad streets, iv 62.

Light sources, intrinsic brilliancy of,

w—iv 6.

Lightning arresters, iv 1 53

— — Ajax, iv 154.

— — Garton, iv 154.

— — Shaw, iv 154.

— — Wurtz, iv 153, )

Lorain electric welding process, iv
101

— surface-contact system, iv 208.

Love conduit system, iv 173,

'Luminous efficiency, iv s,

Lummer-Brodhun photometer, iv 29.

M

Manholes, iv 120,

Mixed systems of tramways, iv 204,

Motor, continuous-cum:nt, traction,
iv 54.

Motors, iv 223,

— rating of| iv 228,

— tramway, later types, iv 229,

Mounts, tantalum, iy 2y,

N

Negative circuit, iv 1yy,
Neptune bond, iy 96.

Nernst lamp, iy o,

thworks, complicated, iy 108,

O

Open-conduit system, iv 48,

Osmium lamp, iy 5.

Overhead construction, choice of Sys-
tem, iy 129,

— feeders, iy 113,

— trolley system, iv 48,

I

Painting anq varnishing of cars, iv 223,
Parabola, cubical, iv 6g,
Paving, type of, iy 182,
€rmanent way, iy 75.
— — cost of, iv go,
Photomc!er, Bunsen, iv 29.
— Flicker, iy 3.
- Lummer-Brodhun, iv 2g,

Photometric standards, iv 32,
Photometry, iv 29.
Plans, preparation of, iv 8.
Plastic bonds, iv 97.

Plough-raising gear, iv 20y,
Points, arrangement of, iv 85,
Points and crossings, iv 67,
Poles, iv 133.

— erection of, iv 163,

tion, iv 105, 106: ;
Publications, official, iv 253.

Rail bonding, iv gz.
Rail joints, iy 79

Railbonds, Crown, iv g4.

Rails, chemical composition of, iv 76.
— Cross-section of, iv 74.

— physical tests, iv 77.

— section at curves, iv 77.

— standard sections of, iv 73,

— Supporting and fixing of, iv 78,

— weights and sizes of, iv 74.

= conductor-, height of, iy 194.

= conductor-, in conduits, weight of,
iv 186,

— slot, iv 192,
— street, position of, iv 6o,
Regenerative control, iv g5,

ments, iv 4o,

iv 233,

Roadwork, jv 198.

Rolling-stock and equipment, iy 224,
Osettes, iv 149,

Rotary oil-pump, iv 27.

Sag :}ﬂd temperature relation, iv 167.
Sanding arrangements, jy 243,
Section pillars, iv 125,

Series motor for traction purposes,

Setting-out work, iv 159,

Sidings, iv 64.

Slot, centre versus side, iv 18q.

Speed on curves, iv 70.

— -time curves, iv 49.

Sprengel pump, iv 24.

Stem-making, iv g,

Stoneware ducts, iv 118.
Stopping-places, iv 65.

Stresses at centre of span, iv 166.

— in poles, iv 161. "
Superclevation, table of v:{lu::s, iv 72,
Superelevation of outer rall‘, iv7r.
Surface-contact systems, iv 48, 206,
207.

Suspension gear, iy 203.

T

Tantalum filaments, iv 14.
£ — lamp, iv 2,
h, iv 201, pedd s
Plough, Testing, iv 120, 126,
Thomson-Houston system, diagram of

Connections, iv 219,

— — surface contact, iv 217,
Tie bars, iv 8;.
SO ;. | Timber, selecti
determi oo = 4
Power-house, determ nation of posi Tools, 1v e

on of, for cars, iv 222,

Track network, arrangement of, iv 6o,

raction, electric, jv 47.

— — advantages of, iv so.
R — — dynamics of, iv 49.
Tractive effort, ca)

culation of, jv s1.
ramway aAccessories, iv 236,

—car 1€8, iv 222,

¢ . . = Bauges, iv ¢q.

Railbond, Chicago, iv 93 1l l!ncf, d'oubi?xrack, e

Railless overhead electric traction, £ :;:;;f:’;ﬁ::ﬁ:ﬁ) ‘;’ :);' bo.
1V 220, ~ routes, choice of, iv gq,

— System, general layout of, iv gg,

— termini, iv 65,

— track, drainage of, iv 198,

Tramways, electric, iv 47.

Trimmings and brackets, pole, iv 135.

Trolley wire, iv 138.

— — erection of, iv 16,

— — tension on, iv 165.

Trolleys, iv 233.

Trucks, car, iv 244.

— cqual traction bogie, iy 250,

— maximum traction bogie, iv 247.

Resistance characteristics of lamp fila. Tugfllgti?;,ri‘:}:d' o

. . ungsten filaments, iv y¢,

Rgﬂs!znces for motor equipment, I n—gsb::al‘;iln'gnstrtc;s, ivszo.

— — drawn wire, iv 18,

" =" preparation of, iv 16,

— lamp, iv 2,

iv 113,

\Y%

S Voltage drop, permissible on tramway

system, iv 110,

\WY%

Weld arc light, iv 103.
Y% 54' . . .
— parallel control, iy 230. \Vcldmg., electric, iv 1o1.
— traction motor, characteristic curves, | — falk, AL 00
iv 56, — thermit, iv 101,

Westinghouse brake, iv 243.

— surface-contact system, iv 255,
Wheels and axles, iv 250.

Wires, ﬁlament-supponing, iv 11,
— leading-in, preparation of, iv q,
Wiring, bell, iv 253,

— car, iv 215.

Y
Yokes, conduit, iy 193,
7

Zinc chloride process, iv 13.







