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CHAPTER LXXIII
ELECTRIC RAILWAYS

Any system of electric car propulsion includes besides the
back and rolling stock suitable apparatus: 1, to produce the
current, and 2, to transmit and distribute it to the electric
motors on the cars where it is transformed into mechanical
energy to give motion to the car.

The extensive development of the electric railway has given
rise to numerous systems. which may be classified in several

ways, as
1. With respect to the current, as

a. Direct;
b. Alternating;

2. With respect to the method of current generation, as

. steam;
a. Mechanical { hydraulic;
gas engine.

b. Chemical" { stcm;ge battery.

.. 8. With respect to the power system, as

i a. Direct current transmission and distribution; -
b. Alternating current transmission, direct current dlstnbutxon
¢. Alternating current transmission and distribution.

[ — s
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4. With respect to the current collecting devices, as

a. Trolley;"

b. Surface Contact;
¢. Third rail;

d. Conduit.

5. With respect to the location of the electrical source, as
a. External { power station.

b. On the car {mmﬁt

6. With respect to the distribution pressure, as

. pressures
a. Low tension { up to
600 volts.

. . pressures
3 bov
b. High tension {a Ve

7. With respect to the service, as

" . elevated;
a. City lines { surface;
subway.

b. Interurban or suburban;
¢. Long distance lines;
d. Industrial short lines.

Power Systems.—There are three types of motor in use for
electric railways; the direct current motor, the single phase
commutator motor, and the three phase induction motor.

The various transmission and distribution systems which
may be successfully employed are here described and illustrated
in the accompanying diagrams.



ELECTRIC RAILWAYS 2,535

Direct Current Transmission
and Distribution.—This system
is especially well adapted for
densely populated sections as in
large cities. It is not well adapted
to the operation of roads cover-
ing large areas and is becoming
obsolete, owing to the great amount
of feeder copper required to trans-
mit large amounts of energy at 600
volts, which is the standard pres-
sure used.

Ques. Why is the wuse of
boosters objectionable on these
lines?

Ans. They add largely to the
fuel expense.

end of o long Toier o eometimes
more expensive to install and oper-

ate than some of the other systems
later described.

Ques. What are the stan-
dard voltages?

Ans. 600, 1,200, 1,500 and
2,400.

Ques. How are the motors
operated at these various pres-
sures?

Ans. The motors for the 600
volt system are designed ‘for full
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trolley voltage. For the:
1,200 volt system, both
1,200 volt and 600 volt
motorsare used,’in the
. latter case, the motors:
are series connected in
pairs. For the 2,400
volt system 1,200 volt
motors are used, being.
series connected in
pairs.

Alternating Current
Transmission, Direct
Current Distribution.
—This system is in gen- -
eral use for suburban
roads and the larger
city systems. The ad-
vantages accruing from
the use of both alter-
nating and direct cur-
rent must be evident, .
thus, a large amount of .
power can be transmit-
ted by alternating cur-
. rent at high voltage
| reducing the cost of:
| copper to a minimum,
, and by means of, ro-.
| tary converters, con-:
verted “into “direct:

P1G. 3.487.—Direct current iransmission and distribuler with boosur.' 650 volts at the dynamo, radius 7 to 15 miles from the power
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current of suitable working
voltage for the motors at the
distribution points.

New York City is fed en-
tirely from rotary converters
which receive their power from
alternators and alternating cur-

rent transmission lines at 6,600
and 11,000 volts.

Alternating Current
Transmission and Distri-
bution. — The first practical
application .of the alternating
current for both transmission
and distribution involved the
use of the induction motor.
This system required the use
of two trolley wires with the
ground as the third wire of a
three phase distributing sys-
tem. The motors were usually
wound for the trolley voltage -
and for operating at half speed
or slower, the current induced
in the secondary of one motor
was fed into the primary of a
second motor, and resistance
was placed in the secondary
circuit of the latter for re-
ducing the speed still. further.

Owing to: the complicated
overhead - construction, due to
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t current distribution. Sub-stations for 1.200 volt direct current trolley using two

ms-.—..—..-.&hf;—..

theuse of two
trolley wires,
combined
with the fact
that the per-
formance of
the induction
motor does
not give the
best resultsin
tractionwork,
the practical

.applicationof

this system is
confined to a
comparative-
ly few special
cases ‘among
the European
electric rail--

' ways.

Amorésuc-

* cessful alter-

5t

nating cur-.
rent system is
shown by fig.
3,493. As
practically
applied at the

. present time

e

on all instal-

lations in this.

country the
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. Where t!

Aally from. that of installations haying,
-single phiase generators, < .7 ¢ Yoy

usual trolley voltages atre
6,600 and 11,000 volts.*

Ques. What kind of
motor is used on the
single phase system?

Ans. The series single
phase motor.

In construction it is very
similar to the ordinary direct
current motor, except that
the entire field is made of
laminated steel and an g.ug—-
1ha.ry or compensating wind-
ing 1s placed in the slots be-
tween the poles to secure
good commutation with al-
ternating currents. The
motors are usually wound
for 240 volts to which value
thetrolley voltageis reduced

an auto transformer
placed on the car.

As in the case of the
direct current motor, the
speed of the single phase
motor varies with the vol-
tage at its terminals,
therefore, by simply

*NOTE.—For a single Phue system
the alternators are usually wound for
the trolley voltage and feed directly
into the fine without transformation,
thus suipl ing the whole of the road.

e length of the road exceeds 35

or 40 miles, it is equipped with step

" down transformers to lower the trans-

mission voltage to that of the trolley..
In cases where it is desirable to furnish
polyphase current for stationary power
service, and for the operation of rotary
converters, three phase alternators hav-~
ing one phase the full capacity required,.
and utilizing only one of the three
phases for raglwag work. The cost of
guch installation does not differ materi~

e P
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. connecting the motor to different taps on the auto-transformets, for
operating at.slower speeds, or any voltages higher than the normal
in an emergency requiring a higher speed. -

's Live, tn
ittt N, Y., . H, & B. B. B (Steam)
- ———1200 VOLT—~ - " Ivoryton

‘THE CONNECTICUT RAII.V'I“AV oo } : e
LECTRO l(- ~6C0 VOLF

F16. 3,404—Map of the Shore Line Electric Railway. This line follows the Connecticut

shore of Long Island Sound connecting New Haven with the towns situated along the
lower end of the Connecticut river and passm% through the numerous summer resorts
which line the coast between Stony creek and old Saybrook. The energy for operat(i’sg
the system is generated at Saybrook by three phase Curtis turbines wound for 11,
volts, 25 cycles, and is transmitted at the same voltage to two sub-stations, one at the
car barn about a mile distant from the power house and the other at Guilford which
supply 1,200 volts direct current to the entire 52 miles of line. The power house is
built on the banks of the Connecticut River about a mile distant from the town of Say-
brook. The prime movers are Curtis steam turbines of the vertical type. At present,
two of these units are installed, each of 1,500 kw. capacity. They are designed to operate
at a gauge pressure of 160 1b., and with a vacuum of approximately 2824 inches.
station is designed for an ultimate equipment of four of these turbines. There are two
exciter sets, one a Curtis turbine set and the other a motor generator set. The former,
consisting of a type CC two pole, 35 kw, 125 volt dynamo, coupled to a Curtis steam
turbine unit, runs at 3,600 r.p.m. This exciter set operates non-condensing. The other
set. 8 composed of a CLB six pole, 35 kw., 125 volt compound wound dynamo direct
connected to a four pole, 50 h.p., 440 volt Form K induction motor. The speed of this
set is 750 r.p.m. Current at 440 volts is supplied to the motor generator sets through
the medium of three type H 20 kv-a., 11.008_ 400 volt, 25 cycle, o1l cooled transformers,
The switchboard for the power house consists of one three phase induction motor and

ormer panel, two three phase turbine generator pane’s, two blank panels for future

generators, two three é’hm outgoing line panels, a swinging bracket provided with syn-
chronous indicator and voltmeter for the exciter sets, and one two circuit exciter panel.
Lightning arresters of the electrolytic type are provided to protect the ap; tus in the
power house. The boilers are of the water tube type. There are three 625 h.p. boilera
at present and provision is made for a fourth.

Comparison of the Various Systems.—For ordinary street
railway service the 600 volt direct current system is almost
universally employed, but for interurban and trunk line service
there is a great difference of opinion as to which of the various
systems is the most economical when all the factors are taken
into account. The factors which must be considered in com-
paring the three systems in any particular case are the following:

¢ 1. For a given weight and length of trolley or third rail the per cent.
"power loss for a given amount of power transmitted varies inversely
as the square of the trolley or third rail voltage. - '
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Pi1Gs. 3,495 and 3,496.—Map showmf route of the Indianapolis and Louisville electric railway
and connections, and diagram of feeder layout. The lines of this road extend from Seymour
to Sellersburg, a little over 41 miles. The company also opera rs between Louisville
and Indianapolis, a distance of 110 miles. The general scbeme of electnﬁcahon is of special
interest, owing to its simplicity. The power hpuse islocated between Seymour and Sellers-
burg; it feeds the 41 mile line without sub-g% The t of the feeders i u
own in fig. 3,496, and is symmetrical in each direction, so that it is only necessary to

consider a half .ecnon. ortheﬁutﬁvemxlea fmmthepowerbouae e eeduh.ua'ogcl
500,000 cir. mils.:_ for the next ten miles, 300,000 cir. mils., and after that,211,000 cir.
mils. for two miles. The feeder and trolley are joined every 1.000 feet.

.&B-
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2. The higher the trolley or third rail voltage the fewer are the
number of sub-station required for the same efficiency of distribution
and weight of conductor.

8. The higher the trolley or third rail voltage the more costly is
the insulation and supporting structure, and also the greater is the cost
of maintenance of the distribution system.

6. 8,497 —Interior of power station at Scottsburg (Indianapolis & Louisville line), showi
two stage units. The two dynamos as shown are mounted on the extend
shaft of each engine (there being two sets), and the armatures are connected in series to
give 1,200 volts. The fields are connected in series on the ground sides. The switchboard
consists of two dynamo panels, two feeder panels, and two exciter panels. The switches
are all of the knife pattern. ’i‘hq control is of the automatic Sprague-General Electric
parallclugtetdtgpe. e commutating switch used on these equipments is located on the car
platform e the master controller for convenience in ?geratwn. The operating mechan-
1sm of the contactors' is similar to those used on standard 600 volt equipments, the only
difference being that additional insulation is used. The protective devices are similar
to those on standard 600 volt equipment with the exception of additional blowout cagncxty
in the main fuse bores. As is usual on 1,200 volt equipments, a dynamotor is provided to
supply 600 volts for the auxiliary circuits, including the secondary control, lighting and
compressor circuits.

4. Both the first cost and annual expense of the sub-stations are
less for the alternating current systems than for the direct current
systems, since for the former static transformers only are required
whereas for the latter rotary converters must be used.



2,544

HAWKINS ELECTRICITY

b 3 2]
doB .2
ggn“a;gg
gg.gégn.
St e
gEET83
Soy No
Q9 g—w‘.’
KEYEL
°=§E'E‘w
§58024
ppent 1
...'uggoﬁ-
TR @B 4y
BRREES
T
EERE
gxz.ﬂég&
¥ I
MEEEER
g

Ry

5, The relatively
low power factor of
alternating _current
motors (80 to 90 per
cent.) as well as the
relatively low power
factor of the line
(due to the reac-
tance of the trolley
wire and track re-
turn) gives rise to a
greater power loss in
the alternating cur-
rent distribution sys-
tem for the same
power delivered than
in the case of the
direct . current sys-
tem, and this great
loss and lower power
factor make neces-
sary the employment
of generating appar-
atus of greater kva.
capacity,

6, The 600 volt
direct current,motor,
for the same horse
power rating and
speed, costs less,
weighs less, and oc-
cupies less space than
either type of alter-
nating current motor.
The high voltage
direct curtent
motors cost more,
weigh more, and oc-
cupy more space
than the 600 volt
type.

7. With the alter-
nating current
motors, transformers
are required on the
locomotives, which
add to the cdst and
weight of the loco-
motive'equipment.
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8. The 600 volt direct current motor costs less to maintain and is
liable to fewer operating troubles than any of the other motors. ~

9. With the commutating type of alternating current motor the power
lost in the control equipment is practically negligible, since the pres-
sure type of control can be used. For both the direct current motor
and the induction motor a resistance control is' necessary, with conse-
quent loss in power.

10. The induction motor is inherently a constant speed machine,
and consequently the power input varies directly as the opposing
resistance. The direct current motor and the alternating current
commutator motor are inherently variable speed machines, and the

F1Gs, 3,499 and 3,500.—Overhead construction on the Indianapolis & Louisville 1,200 volt line,

<

e line throughout is of the single bracket construction on tangents, as shown in fig. 3,499
and of the span type at curves, as in fig. 3,500. The poles are spaced 90 ft. apart on tangents
and 60 ft. on curves., A single No. 0000 trolley wire of grooved section is used, and is held
in alignment by 8 in. four screw clamps reinforced with soldered strain guys every half
mile. Lightning arresters are installed every 1,000 ft., and are tapped alternately to the
trolley and feeder. Telephones have been installed throughout the system, and jack boxes
are attached to the poles at all sidings and at half-mile intervals.

power input varies approximately as the square root of the opposing
resistance, the speed at the same time falling off.

11. The three phase induction motor, when kept connected elec-
trically to the source of power, automatically operates as an alternator
when the train is going down grade at a speed greater than the syn-
chronous speed of the motor, the motor thus returning power to the
line and at the same time acting as a brake preventing’any considerable
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:geed Regeneration, as this action is called, can also be
obta.med with the other types of motor, but only at increased expense
for the additional control equipment required.

Current Collecting Devices.—The various electric traction
systems in successful use as distinguished by the mechanical
means provided and special methods adopted for supplying

I

w

Fics. 8,501 and 8.502—Tm(ley wheel and harp. The word tmlleyslgmﬁesthewheelwhwhxs
the top of Lhe trolley pole, m!:g which makes rolling contact with the overhead
luctor. Aa shown, the trolley consists of a light wheel W, usually of bronze, sup
in a frame or harp H, and revolving freely on a spindle, the latter not shown in the
Tbsgroovediormngentothewhee not only serves the purpose of secunng additional
. but prevents the trolley sli off the wire. The
mmst the nde of the tmllzy maintains electncal contact betwee wh ﬁ
insulated wire which own_through the trolley pole to the car.
the wheel prmctpally used on the large cxty systems runs to fairl
B i T 0t s oo 134 T odbis ot langely o0 1yedmpm"
and we; mgrom S. 5 n. ings ate eyempo
roads. For interurban service trolleys from 4 %4 to 84 in, outside dlam u:z
Rnﬁmml the larger the diameter the greater the rmleage Mr. Chas, Ingle. Electrio
way ournal 1914. states as follows “For the past year the Rockford & Interurban
g 11s., has been able to average a Fprommately IOOOOmueaonltstto
wheels g ?e ms'imf e maximum possible wear out ol Weuse a 6 in., 4 1b. wheel wi
a % in. o low for which we pay $1.05. The new wheels are installed in interurban
service, and as they ‘Wear down are transferred to city car until worn out. We had much
trouble at first because the hub would become badly worn before the rim. Now when this
occurs we bore out the hub 134 inch scant and press in a 74 in. inside diameter, 1 q.l.
outside diameter. ph hor bronze bushing, which is swaged at both ends with a ta;
(Ye in. taper to fit). makes the bushing tight in the wheel and allows it to run freely
on the 73 in. axle. At a cost of 7 cents for labor and material we frequently o irog
.000 t0 4,000 miles additional life from a wheel, and in all cases we obtain the limit

Other companies report wear from 2,800 ‘miles in interurban servicc, to 25,000
30.000 miles in city service.
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current to the motors are, as already mentioned, divided into
four classes:

1. Overhead trolley system;

2. Surface contact system;

3. Third rail system;

4. Underground rail or conduit system.

P1Gs. 8,603and 3,504. —Sectwnthmuﬁhtroﬂeyshomnglubncatmgbtuhmg ,and view of bushi;
removed from trolley. Since trolleys revolve at a very high s some unusual means o
lutmestton must be provided, as shown in fig. 3,503. The trolley hub is fitted with a brass
bushing, vm%la spiral groove into which is pressed graphite which acts to fill the pores
of the metal, thus giving a smooth surface which reduces the friction. Roller bearing
wheels have been used to a limited extent with considerable success. On some lines a
very long journal is used instead of the usual short brass graphite bushing.

PiG. 3,505.—Trolley base. As shown, the pole P terminates in a fork F, attached to a pair of
sector S, S, forming a frame, capable of revolving about a vertical axis V, so as to accom-
modate the pole and trolley to turns or curves in the track and trolley wire. The spiral
mgs G maintain a tension upon these sectors binding to force the pole P upward

tension has screw adjustment behind the springs. In order to use the trolley when
the direction of the car is reversed, the pole is pulled down by a rope attached near the
trolley, and then swung around the vertical pivot V, when it is allowed to re-engage with
the wire in the opposite direction.
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“The Overhead Trolley System.—In this arrangement’
which is largely used in towns and cities, the current for the
motors is taken from an overhead wire by means of a ‘“‘trolley”
with grooved wheels, which is held up against the wire by a
flexible pole. The wires from the contact wheels pass down the
pole to the car controller and thence to the motor, the return
circuit usually being through the rails.

Frc. a,mg.—fdantogmlzhm;roltlex; l:n'ew of motor car showmg'" tmlle{eéaised. Forhuse ol? hli!gh
speed roads opera; a h pressures a pneumatically operated pantograph trolley has
been devised which can rel;lgxly be raised or lowered by the motorman without leaving his
cab. In trains of several motor cars, moreover, the trolleys on the entire train may
simultaneously controlled from any one point. This trolley is normally held against the
wire by means of a spring, but is lowered and automatically locked down by the application
of compressed air. Application of the air to another point will then unlock the trolley
and allow it to rise,

The Surface Contact System.—This systefn may be ad-
vantageously used in some industrial works where an overhead
trolley is objectionable, and a third rail is not permissible. The
Westinghouse surface contact system requires no poles or over-
head wires and leaves yards and buildings free of all obstructions.
The current is supplied to the motors through, contact cbuttons
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which are connected to a feeder cable laid along the track,
through electromagnetic switches; the buttons are “dead” except
those directly under the motor cars or locomotives.

The Third Rail System.—In this system a rail called the
“third rail” is laid outside the track rails. The current i§ taken

1K)

FiGs, 3,507 and 3,508.—Construction details of third rail and contact shoe as used on the
Manhattan Elevated Railway, New York City. As shown, the shoe isattached to the coil
spring seat of the truck, and the shoe proper, which is suspended by two from the
"yoke, which is in turn bolted to castings on the shoe beam. This type of shoe has a
tendency to ride on its nose when the speed is high, and does not permit of adequate pro-

* tection of the rail from the weather.

by means of a suitable contact shoe which slides along the rail,
and the car is controlled by the motorman as in the case of a
tjplley car. This system is extensively used on elevated railways,
subway systems, and on those roads which have a private right
of way, as in the case of electrified steam roads, which operate
heavy trains at high speed.
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By means of the third rail it is possible to successfully deliver
to the cars much heavier currents, and to operate the cars
safely at higher speeds than is possible with the ordinary type of
overhead or underground trolley construction, two important
features which serve to greatly expand the field of application
of the 500 volt direct current motor.
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!t&. 3,509 to 3,512.—Construction deta:]s [ —ua vouual Railroad inverted third rail,
the rail is supported from above every eleven feet by iron brackets, wlnch hold
the msulatxon blocks by special clamps. These blocks, which are in two pieces, are 8 X 3{ in.
and are interchangeable. Between Supj ing brackets the upper part of the rail is cov
by wooden sheathing, which is applied in three parts and nailed together. At the joints
{tene e third rail 1s bonded, and at the feeder taps, the wooden sheathing is mortised.
This rml is glven a httle Play in the insulators for expansion, except at certain points, where
it is anchored. is of special section and composition and has a conductivity of
about 14 that of copper The under, or contact surface is placed 23{ inches aboyve the top
the service rail, and its center is 4 ft. 914 ins. from the center line of the service track,
or 2 ft. 5 ins. from the gauge line of the near rail.

*NOTE.—The location of the third rail with reference to the track rails has been different
with each road using it. The Pennsylvania, Long Island, New York Central and Interborough
Rapid Tms:t railroads have agreed upon a location whlcl} will not mterfere with the ?m&ge
of an’ their rolling stock. either passenger or freight, viz: ‘‘The third rai llbe
outmfe of and parallel to the track rails so that its center line Ahnll be 27 mchu
gauge line and its upper face 3 1§ inches above the top of the track rail.”
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The Underground Trolley or Conduit System.—Previous
to 1893 many patents were granted on conduit or other sub-
surface systems of carrying the conductors for electric railroads,
but it was not until after that year that capitalists began to
expend enough money to make a really successfully operating
road. In the conduit system the conductor carrying the current
is supported in conduits and the current is taken from it by
means of a trolley which extends from the motor car into the
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F1G. 3,613.—Sectiona] view showing construction detuls of conduit system of the Third Ave.
Street Railway, New York City. A4 mch layer of concrete forms a surface on which
to align the iron work, all of which is assembled before the msm body of concret.e isinstalled.
The track rails and slot rails are supported on iron yokes 3 feet a rt and made u;

pieces, which is a new feature in such work. e three mem are a steel

beam A and two cast iron side pieces B, weighing about 125 Eounds each. The okes rest
on the 4 inch concrete bottom, and the space between the yokes, the center of w sme
is the conduit proper, is filled with concrete that must be put in after the iron is in %
because the throat of the yoke dictates the general shape of the concrete part o
conduit. In order to shape the walls between the yokes, iron linings are used to support
concrete until it has set. These linings are made so that they can be freely drawn through
the slot either way, and they are forced into position by means of a folding form operated
by a lever. The track rails are 9 inch grooved girders 107 pounds to the yard in 60 foot
lengths, laid on pine stm:gers ‘This stringer construction 1s in accordance with the idea
heldhby many engineers that a rigid support for the rails does not afford an easy riding

conduit through a central slot and makes a sliding contact with
the conductor.

This system is used in the streets of large cities where the
use of overhead trolley wires are objectionable, but the cost of
construction is very great.
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Ques. How does the conduit system differ from the
overhead system electrically?

Ans. The conduit system has a metallic circuit (two insulated
conductors) while the overhead trolley has a ground return,
that is to say, the track rails which are not insulated from the
ground are used as the return. ' e

F16. 8,614.—-Direct current railway motor, casing closed- as shown, the armature shaft A, projects
through its bearing B, lubricated by the grease box C, and is connected with the car axle
by gear wheels enclosed in the gear cover D. The gears serve to reduce the of the
car, and also to increase the effective pull of the motor. The car axle passes through the
bearing E, lubricated by the grease box F. The motor is supported on the truck by the
lugs G G. The commutator door H gives access to the brushes, while a more complete
inspection of the working parts may be obtained by throwing back the upper haif of the
casing K upon the hinges L L, after unscrewing two bolts, one of which is shown at M.

* "The insulated cables shown at N, pass through the casing and supply current to the motor.

-

[
- Ques. What are the requirements of a conduit system?

Ans. Perfect drainage; conductor inaccessible from surface
to anything except the contact shoes; good insulation of the
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conductors; provisions for expansion and contraction; acces-
sibility for repairs. ' :

Motors.—The severe operating conditions of railway service
demand a motor differing in many respects from the ordinary
machine. The principal requirements are: 1, that it shall be
dust and water proof because of its exposed location beneath

P16. 3,615.—Direct current railway motor, casing open; as shown, the essentia] working parts
of the motor.consists of an armature A, with a commutator at B; the brushes C C, which
serve to carry the current from the trolley line into and out of the armature; and the four
poles between which the armature rotates. One of the poles is shown in the upper half of
the casing at D, surrounded by the upper field coil E. The pinion F secured to oneé end
of the armature shaft engages with a gear wheel on the car axle, which passes through the
bearings G G, corresponding to the bearings designated E in fig. 3,514. )

the car; 2, it must be capable of very heavy overloads to secura
quick acceleration at starting; 3, it must be compact because
of the limited space available; 4, large bearings with efficient
self-oiling devices must be provided to secure-long operating
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F1G. 8,616.—Direct current split frame motor which allows the lower part to be swung down
into a pit for the inspection or renewal of the working parts. e main exciting pole
pieces two of which are shown at AA, are bolted to the frame at an an%le of 45 d to
the horizontal. The commutating ﬁole pieces one of which is shown at B, are bolted to the
frame at points midway between the main excltl.ng(};oles. Commutator doors DD, fitted
with malleable iron covers and gaskets are provided at both ends of the motor to permit
of the inspection or ventilation of the working parts under service conditions. They are
inclined at any u:ﬁl:‘:: as to allow of the brush holders being readily reached either from
under the car, or h a trap door in the floor of the car. The covers for these openings
are held in place by a readily adjustable cone locking device. Supporting ts EE for
the armature shaft, and brackets F P for the axle bearings are located on the outside top
magnet frame. The linings are held rigidly in the supporting brackets by means of caps
bolted tightly against them. The armature shaft linings consist of bronze sleeves soldered
in f)hqe. The layer of babbit metal is so thin that the armature will not rub against the
pole pieces in case it is melted out by overheating. All i m.demglgﬁos for oil and
waste lubrication in a manner similar to the standard box journal bearing. oil wellsare
reached through large hand holes protected by strong springs, as shown. Waste oil from
the armature shaft bearings is prevented entering the inside of motor casing or frame
by deflectors which divert the oil into grooves which conduct it away. The main field
coils and the commutating coils are of the type and are wound with either copper wire or
strip as may be necessary. The strip is insulated between turns with asbestos and the
sections are separated from each other by an insulating partition of oiled asbestos and mica.
All coils, whether of wire or strip are first provided with a wrapping of cotton tape and
are thoroughly filled with an insulating compound by the vacuum process. = They are then
thoroughly insulated with several wrappings of 1ally prepared tape, and finally given a
wrapping of heavy cotton webbing thoroughly filled with japan to protect them against
mechanical injury. The coils are securely clamped to the frame when the pole pieces are
bolted in. The armature core is built up of laminations of soft iron interspaced with venti-

lating ducts. The armature coils are of the formed type, and the windings at both ends are

covered with a strong canvas dressing securely bound in place. The commutator segments
are made of hard drawn copper insulated throughout with mica. The cone micas are built
up and pressed hard and compact in steam moulds. The mica between the se&mzntl is
made of softer quality, so that it will wear evenly with the copper. The shells an casl are

of cast steel or malleable iron in strong sections which serve to prevent breakage m

serve the proper shape of the commutator. The brush holders, two in number, are e of

cast bronze and hold from two to four carbon brushes each, according to the size of the
motcs. The brushes slide in finished ways, and are p t the tator by
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periods without attention. The first requirement- calls for
enclosed construction, thus instead of a frame as in the ordinary
motor, this number takes the form of a case or the ‘‘iron clad”
construction. ' ‘

To permit the heavy overloads necessary at starting as well
as the heavy duty running conditions, the proportion of parts
comprising the electrical circuits, as inductors, field coils,

-

F1G. 8,517.—General Electric standard box frame motor. In this type the magnet frame is
one piece of cast steel, and, as shown, is n?pmxnmatel%joctagonal in shape. The frame is
vided with bored openings at each end, through which the armgture,g:qle pieces, and
1d coils can be inserted or removed through the pinion end opening. Bails are cast on
the frame at convenient points to facilitate handling. The opening through the frame over
the commutator is lalﬁe and inclined at an angle to allow easy access to the commutator
and brush holders. Hand hole openings are located at points most convenient for the
inspection of the interior of the motor. Drain holes are drilled in the lower side of the
motor frame. The axle caps (which are inclined at an angle of approximately 60 degrees

to the horizontal) are tongued and bolted to machined surfaces on magnet frame,

P1G. 3,616.—Description continued,
inds ent fingers, which exert a_uniform pressure throughout the worki of the
brushes. A “pig tail” or shunt is inserted between the fingers and the b: holder bod:
to prevent current ﬁassmg through the ‘?rmg which actuates the fingers, or th:
the pivoting pins. e brush holders are adjustable in position to allow for wear of tl
commutator, and can be readily removed through the commutator door. The three point
suspension is a salient feature in the Qeaelgm!;g of these motors, In the box fm
the front of the frame or casing is provided with a lug which rests on a bracket to
-the truck transom. The motor is kept from rising by means of a forged strap bolted over
the top of the lug. When the truck is out from under the body of the car, the motors can be
mounted on or taken of the truck from above, no pit being required. /In the split frame
motors, lugs are cast on the upper half of the frame to which a suspension bar is'bolted.
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commutation segments, brushes, must be increased to proper size
for the heavy current. A similar increase of dimension of the
bearings, shaft, pinion, etc., must be made to secure proper work-
ing stresses. These requirements together with the fact that
the construction must be compact, result in a design of motor
considerably different in appearance from the ordinary motor
for stationary service.

Fic. 3.5i_8.—.Method'of forced ventilation with internal air. In this arrangement there are no
Z:ntllatlon openings to the outside air, the air being circulated internally in the motor, as
own.

Ques. Name an important provision that should be
made in railway motor design.

Ans. Some means of ventilation should be provided espe-
cially for motors to be operated in warm climates.

Ques. Name two methods of ventilation.
Ans. Natural, and forced.

Natural Ventilation.—This may be secured either by
“wiernal circulation or circulation of outside air. - Inlthe first
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mentioned method, the heat is distributed by keeping the
warm air stirred up through the ducts. .

The method of circulating the external air through the in-
terior of the casing may be used in warm weather but with
caution when there is much dust in the air.

Forced Circulation.—This may be secured by a fan located
either within or outside the motor. The fan is usually

F16. 3,619.—Method of forced ventilation with external air. In_construction, the fan is cast

integral with the pinion end armature head, which draws air in th; h a screened inlet.

In operation, the air passes around field coils, over and through the commutator and

mture coil, carrying the heat from the interior, and thus increasing the service capacity
motor.

mounted on the armature shaft at the pinion end and inside
the casing. This fan drives air out of the motor through open-
ings in the pinion end of the motor which is replaced by
external air entering through a screened opening over the
armature and field coils, under and through the commutator
and then through longitudinal ducts in the armature core.



2,658 HAWKINS ELECTRICITY

Motor Classification.—There .are several types of motor
used for railway service, and these may be classified

1. With respect to the kind of current used, as
a. Direct;
b. Alternating {ﬁ;;&f”
2. With respect to the pressure of the current, as

50 volts
a. Low pressure to .
- 220 volts;
o 250 volts
b:: Medium pressure { to
P 550" volts;

. ' 600 volts
c High pressure { %anwm.
3. With respect to winding and operating principle, as
a. Series direct current;

b Series single phase;
C e Inducnon, three phase.

4. With respect to the'method of ventilation, as
a. Natural ventilation {“““""‘l llmlﬁm,
b. Forced ventilation {wfI -contained fan;

5. With respect to the transmission, as

a. Direct drive;
b. Geared drive.

The various “of motor and their fprmapl&s have already been
treated at such Jength (see Guide No. 2 for direct current motors, and
Guide No. 6 for alternating current motors) that it is not necessary to
add anything here, save to treat of the peculiarity. of oonstruchon,

behavior, methods of placement, etc .




ELECTRIC RAILWAYS . 2,659

Motor Suspension.—An important point in railway motor
design is the method. of suspending the motor and usually much
care is devoted to the selection of the best arrangement.

Usually the motor is constructed with a set of bearing on one
side of the frame, in which bearings the axle of the car wheels
rotate. Mounted updn this axle is a large gear which meshes
with the pinion gear on the end of the armature shaft, the gears
being protected from dust, etc., by a casing. - The side of the
motor opposite to that containing the car axle is. usually fastened

F1:8s. 8,820 to 3,523.—Frame heads for General Electric box type motor.

to a bar, which in turn is mounted upon- springs connecting it
to the car truck.

There are numerous forms of suspension, and, these may_\b_e
classed as

1. Cradle suspension;

2. Nose suspension;

8. Yoke suspension;
4. Parallel bar or side suspension;

5. Twin motor suspension.
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Ques. Describe the cradle suspension.

Ans. It consists of a U shaped bar fastened to the truck at
the middle of the U, as shown in fig. 3,525.

chs.3524t03626—Vanous suspensions. 3,524, suspension;’ . 8,528,
eud.lempenmn ,Mpmmlbumpeum Soneee, lcfie
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The cradle suspension is intended to relieve the bearings of the weight
of the motor. The total weight of the motor is hung by lugs on either
side from a longitudinal horizontal bar which at the back end is spring
supported from lugs on the arm which carries the axle bearing and at
the front end by a cross and beam truck frame. This type of suspension
is now semi-obsolete. .

Ques. Describe the nbse suspension.

Ans. This method consists of casting a projection or “nose”
on the motor frame, and fastening it to the motor truck by means

of a heavy link.
1

FrGs. 8,627 and 3,528.—Frame heads for General Electric split frame motor. These heads are
of the solid type and special provision is made to secure good lubrication.

The object of nose suspension is to distribute the weight of the
motor between the car axle and the truck. This is the most used
method. In operation the springs in the nose suspension lessen shocks
during starting or sudden changes of torque, about 60 per cent. of the
weight of the motor being carried directly on the axles without spring
support. . ’

Ques. Describe yoke suspension.

Ans. In this method a cross bar is rigidly bolted on to seats
cast on the motor casing, and the ends of these bars are spring
supported on the truck frame.

Ques. Describe parallel bar or side suspeflsion.

Ans. This consists of two parallel bars fastened to the car
truck supporting the motor on springs at its center of gravity.
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Ques. Describe twin motor suspension.

Ans. In this arrangement two motors of equal capacity are
mounted above each axle. Each motor is provided with a pini

and the two pinions of the pair of motor mesh with a single gear
which is mounted on a quill surrounding the driving axle.

By this method, two ;small motors, each having twice the rotative
. speed of one large mo'aor, may be used. Smoe each little motor is about

- t

mamwaw—m eonmuchonolGenmlElectncvenuhMmtw.ymom
‘The core is built up of laminations mounted upon and keyed to the armature shaft. The
armature is so constructed that the shaft can be removed wnhout disturbing the wmdingc
or connections to the commutator. The} tions are and bled with the
holes in abgnment 50 as to provide longitudinal holes through the core structure. The
thrust collar has two oil throws, and the commutator end thrust collar, three, so

med as to prevent oil reaching the interior of the motor,

1]

8 to 8,640.—Rail and case. Fig. 85381argegear wlnchugtmhed
m .538 car wheel axtli;,“ﬁz.ssaom which meshes with the gear, and which is
attachodtooneendo!themotornhaft. 8

,640 gear case to protect gear and pinion
from dust,
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half the diameter of one motor of capacity equivalent to that of the
pair, the pair may be mounted on a lighter frame and the weight of
the end housings may be reduced. The width of the gear required on
each axle is but half that required with one large motor of equivalent
capacity. Hence the wei?ht of the gear is reduced and a larger and
more economical design of motor is made possible.

-

P1G. 3,641.—General Electric split frame motor. The frame is split horizontally with the
suspensio half, i

sion on the The bottom half is arranged to drop to permit inspection
of the interior of the motor from a pit. The armdture bearing frame heads are of the
solid head type gi the same qualities of oil lubrication as are obtained in the stan
box frame motors. upper and lower halves of the frame are held together by four
bolts and two hinge bolts, and each frame head is firmly secured to the upper frame by
bolts which are easily accessible from a pit. By removing these bolts (e: ting the
hi?e bolts) and the lower half of the gear case, the armature can be removed. e upper
and lower magnet frames are provided with machined surfaces fitting closely around the
bearing heads, which act as keys in securing the alignment of the upper and lower halves
of the motor frame. The axle bearing caps are bolted to planed surfaces on the top half
of the frame and all the bolts are accessible from a pit. e armature is so constructed
that the shaft can be removed without disturbing the windings or connections.

e

PiGs. 3,542 to 3,547.—Various construction details of General Electric commuta

ing pole

i tor, fig. 3,542, exciting field coil and supports; figs. 3,543 to 3,545 detail;‘ﬁeom-
Eﬂaﬁ'&lﬁ ggﬂ and mem fig. 3,646, bnug holders; fig. 3,647, malleable iron gear
case.
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F16. 3,548,—Ordinary rheostatic controller, de:}gned to control one or more motors by means
of resistance only. As shown, it consists of 4 switch cylinder A, carrying nine insulating
supports upon which are mounted nine metallic conducting segments B, B, B. These
segments differ in length and position, and when the cylinder is turned by means of the
handle C, they come in contact at different times with the nine fixed contact springs
D, D, D, which effect the changes in the connection by which more or less resistance 1s
brought into or out of the motor circuit, thereby producing a change in the of the car.
It is evident that after contact has been made between the motor and the trolley, an electric
arc, very destructive to the breaking contact within the controller would be established

less some means were provided for breakin% the arc at the instant of its formation.
This is accomplished by means of a magnetic blow out device consisting of the magnet E

and its Bole piece, carrying the polar ridges G, G, G, which rest close to the contact
springs D, D, D, when the pole pieces are placed in normal position. In operation, the
current passing through the motor passes through the coils of the magnet E, and converts

its core into an electromagnet which produces a powerful magnetic flux around the contact
surfaces of the sgnngs D, D, D, At the instant the circuit is broken either in changing
connections or when the current is entirely shut off, the irresistable influence of this power-

ful magnetic flux prevents the severe sparking which would naturally occur otherwise by
blowing out the arcs as soon as they are formed. The reversing cylinder H, carries four
conducting segments K, and a corresponding number of contact spring L. By moving the

handle M through an arc of about 60 degrees, the segments in contact with the springs L,

can be changed and the direction of the current through the armature of the motor reversed,

thereby causing it to rotate in the opposite direction and back the car. As the neversuﬁ
operation cannot be safely accomphsﬁed while the motor is runnin%, the handles C and

are made interlocking so that the latter cannot be moved unless the former be in the “off
position.” In other words the current must first be shut off before the direction of the car
can be reversed ts any arcing on the tacts of the reversing cylinder. The

proper- operation of a controller requires that all the successive contacts be made and
none omitted. This is insured by the action of the star whee] located at N. Rheostatic
controllers may be used for single motor railway equipments, single or double motor mining
equipments, and for crane, etc. It is important to have a full knowledge of all the require-
ments of any particular service before selecting the controller. For service requiring fre-
quent motor reversals, a controller with a single handle, with the motor circuits so arranged
as to perform the function of the reverser, is found more convenient thana controller with a
separate reversing handle. Controllers with single handles are usually employed to operate
travelling cranes, turn tables, stationary and portable hoists, etc., while those baving two
handles are generally used with street railway and mining equipments-
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Motor Control Systems.—In the case of nearly all railway
motors of both the direct current and alternating current types,
the speed of the motor varies with.the voltage impressed upon
its terminals. In other words, by increasing or decreasing the

Frcs. 3.“9121113.550 —Geneml Electric series parallel eontrolla' In this type of whichthmm
several forms, the power t:m:mtsax'venc.vtn::;a during transition from series to parallel
connections. series parallel controller, as is well known, is used to control two motars,
or two pairs of motor, mdmmoonnecttheumotommmorm 1 relation,
By means of these eonnecnom car may be run economically atamedmmtpeed as
as at full speed, and can be uegelzmted to full lpeed more efficiently than upouible mth‘l:i

simple rheostatlc controller. 1 adoption of the series paral

controller in railway oeﬂnoe ‘The older ?orms od( controller were d for

on anormal line o{pg;-‘h , 500 volts. With the advent of the eommuhtm
er

polemlwaymotor the use 600to 660qu ‘became possible
and is on practice, ugedm:x interurban i eeeufully operate on
thua h:ghet voltages, individual blow outs and other features were introduced.
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voltage applied to the terminals of a motor its speed may be
correspondingly increased or decreased.

It is evident that one of the principal requirements in the
operation of electric cars is that they should not only be capable
of being started, run up to full speed, slowed down and stopped
gradually, but should also be capable of being stopped suddenly
and their direction of motion reversed in emergency.

These various speed requirements give rise to several control
systems, and the apparatus employed to effect the proper
sequence of connection corresponding to the system of control
adopted is known as a controllers’ A comprehensive classie
fication would divide the various systems

1. With respect to the method of operation, as

a. Hand control; . .
b. Automatic oontrol o *
¢. Master control.

2. With respect to the current, as | ’.‘

a. Direct; . 1
b. Alternating. ‘ ot
8. With respect to character and sequence of connections, as
B
a. Direct current il .
. ’ mﬂmit (J}a'uhreontml).
il {rheomticéo‘_
e ) induction mguhtot;
b. Alternating current hangesbiy pole;
le;
three phase mde :algﬁel .
iz

4. With respect to the method of transition, as

a. With power off;
b. With series remhnce.
A:T"'»'«c. Bm
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The various systems in general use are illustrated in the
accompanying cuts.

Ques. Define hand control.

Ans. In this system the motorman, by moving the con-

troller handle, can vary the current value without. any time
limit device. . 1

Fi1G. 8,551.—Detail of General Electric type K magnetic blow out showi finger and
i wire clamps. The figure shows the construction of blow outs used in ionm K-34, K-35,
K-3B and K-44 controller. Each finger is supplied with a separate magnenc b low out.
consisting of a ,, blow out coils and arc deflecting ch In
thntllustratmn one of tl\e iron plates formmg part of the magnetic circuit is
throu:}])”ihebl ant% ?' o cgﬂthc‘l‘he mlt‘;:n t‘\t e chmpctrongu}-neﬁe
low out coi! ent, genera
ﬁeldmthespwebetween e arc d hta,wthatwhe:lggecnmutubmkm
the arc is blown 1n an outward direction, away the cylinder. In order to extend the
pole pieces to a point where arcing occurs, between the finger and segment, iron plates
are imbedded in the msuhtzon of the arc chutes. The arc chutes are made of a
e omon b provias o thems shnstea for the. sxomason of the s ‘“ﬂ“ﬁ::":;‘.w
e space is proy in these chutes for n e arc w. [ Y
circuit. As thearcis &o;ected away from the cyhm{er. the danger from short circui
m occt&rred mbholde: form of blow out, has beetrl: eﬁ :lx:imated In t&: oh}lelr con-
magne w out is composed of one c fiel extendmg ength
of the cylinder, nndproducedbyamglecoﬂ. ﬁ this field the
arcs b blowmgthemettherupor down against the deﬂectorp tu.andnotdu‘etly
away from the cylinder.

Ques. Define automatic control.
Ans. This system includes certain automatic ‘devices which
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prevent the motorman applying to the motors a current greater
than a predetermined value.

Thus, the motor starts with a proper current and as soon as the cur-
rent has decreased to a specified value, the connections are automatically
changed so that the rate of acceleration and the current are kept prac-
tically uniform throughout the period of control. '

Ques. Define master or multi-unit control.

Ans. This system, ill advisedly called multiple unit control,
is one in which the motors on each car of a train of several cars
are controlled from one master controller. )

P16, 8,552.—Detail of General Electric type K magnetic blow out showing pole piece, seg~
. ment and removable tip. ’

The principal object of multi-unit control is in service requiring that
cars be operated singly or several coupled together in a train and oper-
ated simultaneously, the connection being so arranged, when several
cars are coupled together, that the motors on all of the cars may be
controlled from either end of any car by a single operator.

Ques. Describe rheostatic control.
Ans. This consists of progressively cutting out sections of
& resistance connected in series with the motor:
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An ordinary rheostat is used and the method is confined to single

motor installations as in mining or other small industrial locomotives.

Ques. Describe field control.

Ans. This method consists in varying the intensity of the
motor field magnets, by dividing the coils into two sections and
" arranging the controller to give a proper sequence of connection.

Msmmdaﬁu—DemhofGene:ﬂElecmc Keontrollereomtmctmn 3,588,
methoddhmmuuutomh. fig, 8,554, mmgammbll'y*
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Thus, when the two sections of the motor field winding are connected
in series, a strong field is obtained, and therefore slow speed. By
the second step of the controller to cut out one field section

the is increased. The complete sequence of connection gives two

series running positions and two parallel running positions, thus making
four running positions.

Ques. What control system is very largely used?

Ans The series parallel.

Ques. Describe this method.

Ans. This method is used with two or four motor equip-
ments. The sequence of connection for a two motor car during
the control period is as follows: 1, both motors connected in
series with control resistance, 2, control resistance progressively
reduced, 3, control resistance again put in circuit in series with
parallel connection of motors, 4, control resistance progressively
reduced, 5, both motors in parallel with control, no resistance.

Ques. What feature of series parallel control divides
this method into several types?
Ans. The mode of transition.

Ques. Describe the power off method of u'ansition.

Ans. ' In this method the controller is so arranged that the
power is cut off from both motors in changmg the motor con-
nections from series to para]lel

This was formerly used for large size motors and locomotives but
is not used much at present :

Ques. Explain series resistance transition.

Ans. During the transition from series to parallel, a re-
sistance is placed in series with one motor and the other motor
is first short circuited, then disconnected from the main circuit,
and finally placed in parallel with the other motor.

This method is in general in equipments of small motors with
t'.hesoealledtypeKc:oni:rollerqse « pm .
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Ques. What is bridge transition?

Ans. This method consists in grouping the motors and their
resistances like the arms of a Christie, or erroneously called
Wheatstone bridge,* so that after the two motors are in full

TROLLEY WIRE (500 VOLTS)

MOTOR | MOTOR 2
(250 VOLTS) (250 VOLTS)

— 10 GROUND

RESlSTAHCE ARMATURE FIELD ARMATURE FIELD

(ALL OUT
(500 VOLTS)
MOTOR |
f:_ | BV \
T
RESISTANCE — MOTOR 2
(ALL OUT) ' (500 VOLTS)

PiGs. 3,555 and 3,556. —-Dmcramn of series Ilel two motor control.  Fig, 3,555, series
running pocmon. all resistance cut out; fig. 3,556, parallel running poemon all renst&nee
cut out. When the controller handle is in the series running position, fig. 535
in geries, and with a 500 ve it trolle circuit, each motor therefore operatea at 250 volu
ln fig. 3,556, both motors are in under the full 500 volt pressure. The two positives
here shown are with mmtanoe a out A number of intermediate positions may be obtained
in both series and parallel positions by progressively cutting out a series resistance.
a rheostatic controller is used with, for example, a two motor equipment, the motors are
connected permanently in parallel, and the current dw:dee into two , one of whch
passes through each motor, before they become j O‘w agm in a single wcmt. passing to
the ground. Under this condition the amount of current required by each motor is double
that which would be teqmred by one of the motors to move its share of the load. As all
this current has to flow through the resistance of the rheostat, the volts dropped in the
theostat constitute a loss, since they do no work but are wasted in the form oﬂ heat.
Series parallel operation prevents some of this loss as the motors are in series at l
the same current which starts one motor passes through and starts the other, thereb;
tah%glnly one-half as much current from the line as when a rheostatic controller is u.seJ
The or full s connections are the same in both methoda t.he motm's o?en
parallelat the full trolley line voltagés with all cut out of n aelectuu
a series paralle] controller, as in the case of any other similar lppmtus, 1t is lmportmt to
oonmder the nature of the circuit, whether wholly metallic or ground return, the number of
tor per t, and the ty of each, and the character of the service required of
tha controller, whether for simple series parallel operation, series f&r&llel control with
%‘ cy electric brake, or series pan.llel eontrol wnth electric brake or regu! tion.
controller should not onl be of sufficient capacity, but should be umm the
number of motor, operated. or example: a oerwo parallel controller deugned for two
100 H. P. motors is not or an e t of four 80 H, P. motors, as
switch must have separate oonnectm for each motor. Purthermore, eontrollu. of either
the rheostatic or series lcltype!oropenﬂonmthehctncbmkulotuﬂm‘ommy
o&mmln;m d have the necessary contacts and coanections for the operation of




ELECTRIC RAILWAYS 2,573

series position, the resistances may be placed in circuit again
in parallel with the motors without opening the circuit. The
two motors are then connected inparallel with each other and
each in series with its own resistance.

Ques. What is the advantage of bridge transition?
Ans. There is no noticeable jerk as both motors are in

RESISTANCE
CALL OUT) Lo
MOTOR

3 (sovots) 4 (250 vouTs)

(500 VOLTS)

P1Gs. 3,657 and 3,558.—Diagrams of series 1lel four motor control. 3,557 series runping
position, .llreultancecutout. fig. 3gggapmle mnnmgpoaho:.wlllmsunoecutout.

operation throughout control period and it is not neoessary to
open the circuit which would cause flashing at the switches.

" This method is used mostly on multi-unit control equi; ments
particularly for largesweumts. _ . eq P '

*NOTE.—See note page 2,239.



HAWKINS ELECTRICITY

2,574

*30]033B0D 30401 INO 201308 37 044 .
Y050, u_asgswﬂuﬂn.. p:S I..ﬂﬁu:ﬂ.ﬁo SMIOIID00 300U Oy [9ITEIWA 01308 3f 043 DLV [WI0UBE)

8 03 0L9'g $O1T Baﬁﬁso_ﬁasatoi..e..m.a "609'g 03 099'g ‘soLg

]

| .

8oy S WU 14 of |
oweoy s oINS 1+
}méﬁﬁk 9




ELECTRIC RAILWAYS . 2575

Ques. How is series parallel control applied to four
motor equipments?

Ans. By connecting the motors in parallel in pairs and
treating each pa.ir as a unit.

C g

W’”M’m Rl e

kg Coll w Tppoing 5W/$6/7
\Mirr Switcl

Trofey 7érrminal-
Auxiiary Contactsy
wContro//er

G, 3,881.—Wiring diagram of General Electric contactor equipment, deusnedtookmimp
‘lldeatmchvearcmafo‘mthew tform, by opening and closing the main power circuit
mthmmnocatedundemeathﬂ:hemboyd ‘Two of these uctonmconnected
in series in the main circuit between the trolley and the controller and are enclosed in
auironboxforprotectton. Additional contacts are provided in the controller for
and cl theopenhncurcu:toftbeeonmtouwenthommllu turned off or on
et alao hclates overioed do "“m“‘”‘“ witehon for i ‘én'u'“ ”“e‘if;““m,;nﬁ-
eqmpmnn includes over! ev:wa. pping swi or inf p
circuit of the contactor coils in case of overload. m"nnse orgnfbehncuon
&mmtbmkcﬂmdxurn.{uud.mdmmudmtheubmvm. i .tté'oermopundonby

switches, foropcnmgﬂnmmafcmtwhm
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Noten ‘ ' Alternating Cur-
‘rent  Control Sys-
tems. — The single
phase motor used on
MEe. NOTORG 143  MOTORS 244 alternating current
roads has a commu-
tator, and in fact is

s ‘%‘m‘m— almost identical with

the series direct cur-

8 %‘[m]—[gm— rent motor, save that

all the iron in the

¢ _%m magnetic circuit is

laminated, and there

o| | T omvt | s a compensating

. _%_m_ winding in the field

magnet whose office

o m | it is to neutralize the

inductance of the ar-

7 % _[ﬂmm mature caused by the

8 ' alternating current
o | W flowing therein.

Ques. How are

" W single phasemotors

' e g controlled by the

n W compensator

‘ : method?
1 ’!ﬁm— Ans. The impress-

ed pressure is gradu-

Pics. 3.582 to 3,003.—Westinghouse type K-12 con- ally increased by pro-
troller connectlon.s In changing the motor connec- : .
tions from series to parallel, it will be noted that the gresswely cutting out
controller short circuits one pair of motor, but the .
current continues to flow to the other pair. The sections of the com-
series method here loyed cc ts in cc
thetovteall amount of res::ngtanoemsenes and then pr- pensator or auto-
gressively short circui various connections
until all are cut out. otransformer.

TRANSITION
1

RESISTANCE
RUNNING

L]
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Ques. What is the objection to rheostatic control as
compared with the compensator method?
Ans. The compensator method is the more efficient.

Ques. Describe the induction regulator method of
control.

| rRUINE TV PPN
See next colwmr,
P1cs. 3,504 to 3,618—Westinghouse type L-2 controller connections. Thist; ﬂ:e controller opens
the circuits to both motors before making the change from series to In this pmllel
method additional sections of resistance are connectqd in para l with the first section
on each successive step. The value of the nce as each new
section is added in parallel with the first section and, ﬁnally on the last step the entire
group is short circui

NOTE.—Jones three cpeod control system.—This control which is used on the Pitts-
burgh low floor cars, provides three running points, one full series, one series—parallel and one
parallel, the points between, where there are one or more idle motors, being simply transition
points. Thisar iblethech of the motors from the fullseneotofullpar-
allel relatnon without bteakmg the initial series connections between the motors. These
oonnectwn.s are mamtamed and the various changes effected by short circuiting one or more

tors and establi tions of a character to cause the current to flow h
both the fields and a.rmatum of some of the motors in a direction reversed to that in which it
flowed in the series position. On the first point all four motors are connected in series h
a remtmce, on the second point this resistance is cut out, which, on a 600 volt circuit, ma.kes
150, volts drop across each motor and makes the second pomt on the control a running
The third point is made by manipulating two switches which short cxrcults two mobors an lwce
300 volts across each of the other two. The fourth point simply closes th oonnect:on
to the two idle motors which makes 300 volts across all four motors and ra lels the two pairs,
‘Transition is made from this fourth point, which is a running point, to the next running pomt.
which is the seventh, by first providing connections which short circuit one motor and place
one across 600 volts in parallel with the other two in series with 300 volts across each; then
short circuiting another motor circuit beyond the first controller position, it thus also reduces

the weight of resistances which must be carried on the car,
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‘Ans. An induction regulator (fully described in Chapter LX,
Guide No. 7) consists of two coils: a primary, and a secondary,
which are wound upon separate cores and are capable of angular
adjustment for changing the direction of the flux from the
primary through the secondary so that the voltage generated
in the secondary increases or decreases the voltage supplied
to the motors by the auto-transformer according to the relative

- angular positiqn of the secondary to the primary.

Pros. 8,610 to 3,628.—Westinghouse type K-35 controller connections.

Clearly, the voltage induced in the secondary of the regulator may
be made to buck or boost the voltage applied to the motor from the
auto-transformer, by any amount within the range of the regulator.
By making the range of the regulator equal to one step of the auto-
transformer, full control is secured without shock; thus, the first position
of the regulator lowers the transformer voltage by one half step. On
turning the regulator the voltage reduction ually drops to gero;
as the turning is continued, the regulator delivers a rising additional
voltage which gradually reaches the value of one half step, and this
equals the next higher step on the transformer.
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Ques. What are the objections to the lnduction
regulator method?

Ans. Considerable weight, low power factor, and eomplemty
of the apparatus as compared with the compensator method.

] '. .
* 3 !

THING
KRneTen FUSE NP SWITCH
==
CHOKE {8 L H SNAP
cow SWITCH
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. SWITCH
o ———y CANOPY —.
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. Fuse sox
—7

TROLLEY
TERMINAL
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g 3 i
dune_switew . :
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16, 8,029.—Diagram of tions of Westi contactor equipment. The
wear and tear on dm.m eontmllen may be reaueed und hfe the eonhct:gmcreued by the
use ot auxiliary contactor equipments. A contactor eqmpment consists of a powerful
tically operated switch, or ‘“‘contactor,” mount 16 thecarandeonmcted
the main reservoir of the air brake system. The switch is controlled by means of a
magnet valve, which is operated by curreat from the trolley. The circuit of this et
wvalve is carried through a ofau.n oonuculocaudonthadmmo!theeon
‘When the handle is mo toward the off position, thecumutofthemnlm'yeon u,
mdheneethecm:mtofthemgnetvalveubrokenbef the main power circuits
broken, and thus tgorwer circuit is always opened by the pneumatically opmted
tch beneath than by the controller contacts. auxiliary circuit u
umed also to, u sma ll tnpp switch, located near each controller, and correspon
the usual car is switch is 80 arranged that an overload or “short" in’ tho
main, cn'cmt will release the handle of the tripp
t and 1l benut.hthewtoopenthemmmmt ea.u- ly
a check valve

e
ti ‘*wucamedthmchmcunhuyw
bdmgom%thepmumuccyhndm
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PFigs. 3,630 to 3,633.—Con-
struction details of West-
inghouse auxiliary con-
tactor equipment. Fig.
3,630, tripping switch; fig.

1, pneumnncally op-
erated line switch; fig.
3,632, electrically
ated contactor in iron
fig. 3,633, auxiliary con-
tact attachment for tirpe
K-28 controller.
trically operated con-
tactor shown in fig. 3,632
is used in cases where a
supply of compressed air
is not available; it oper-
ates in the same way as
the pneumatic type, ex-
cept that the auxili
circuit closes the swi
directly by means of a
magnet coil, instead of
operating a magnet valve.
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Three Phase Induction Motor Control.—As outlined in
the classification of control system, there are four methods of
control for three phase induction motors. The changeable pole
and cascade methods were extensively tried out by German
manufacturers, and have been practically abandoned because

—
Fi6. 3,634.—Di of e tions estinfhouae unit switch control (type HL) for quadruple
equipment of 75 horse power motors or less. In type HL control the various main circuit
connections between trolley, starting resistors and motors (which, in drum type control,
are made by the overhead circuit breaker and the power drum and contact fingers of the
controller) are made by pneumatically operated switches assembled in a common frame
ted as a switch group, which is located underneath the car. Each switch is closed
when dquredmtﬁg compressed air from the brake system, acting on a piston. The reversing
connections ordinarily made by the reverse drum of the platform controller are made by a
reverse drum similar to that of the controller, but of more substantial construction, pneu~
tically operated and ted in a separate case underneath the car. The complete
reverse drum with its operating mechanism is termed a reverser. The admission or
release of compressed air to the pistons for operation of the switches and reverser is regu-
lated by means of electrically operated magnet valves, one of which is attached to each
piston cylinder. The circuits from the various magnet valves are controlled by a mastet
eontroller on either car platform through a control train line, which extends the I
of the car and terminates at each end in a twelve conductor train line receptacle. By
moving the handle of the master controller from notch to notch, the various switches in
t.hemmhggou&mopmtedmdthepropermotoru tions are established. If the
adjacent train line tacles on two or more cars be connected by suitable train line
mmﬁers the operation of either master controller on any car will cause the various switches
on lol'thamnocloteoropensimulunmﬂyfortmnopmm




2,682 HAWKINS ELECTRICITY

of their complications. In addition to the complications, the
rheostatic method must also be used with them to provide the
smaller gradations of speed.
Ques. How is rheostatic control applied to three
phase induction motors?
Ans. By arranging a variable resistance in series with the
. Auu&cgno C'
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Fi6. 8,635.—. tofplpmgof W unit switch control, type HL.
here ghown is for the compressed opemtestheeontrolappm theur mp%la
beinztdnenfromthebmkesystem. Thealtpusesthmghamtouteock for shu

- the supply if desired, a hair strainer for removmg dlrt or scale, and a reducing valve. wnth
eg uired for o] %cgr%mo; 80 small eompared to \‘.hat unedTll)l; the brakes
a.nd le that ige:? practically negligible. e

armature winding and progressively reducing it as the motor
speeds up, till at full speed or the last step of the control all

the resistance is cut out.
Ques. What type of motor is used for rheostatic control?
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Ans. The slip ring or external resistance form of induction
motor. .

Ques. What kind of resistance is used?
Ans. Resistance in the form of grids or liquid.

In the case of liquid resistance, the electrodes which dip into the
liquid are held stationary and in the process of reducing the resistance,
the level of the liquid is raised by compressed air, the influx of which _
is regulated by an air valve controlled by a magnet in the motor circuit.

mw.—wm unit switch with sides of box, arc chute, cylinder and valve cut away.

‘he construction of the switch includes two stationary copper castings, one of which forms
damctl{o upper or fixed contact, while the other serves as a_support for the lower or
movable contact, The current carrying parts are enclosed in an insulating box of moulded
material, in addition to which the jaws of the switch are further surrounded by an arc
chute slipped inside of the switch box to protect the latter from the arc. The switch
secured to the base plate of the switch group by two copper bolts, one of which is screwed
into each of the stationary castings; and these same bolts serve as terminals to carry the
current. By merely removing these two bolts the entire switch unit, complete with insu-
lating box and arc chute, can be readily taken out. The force with which the switches
operate is independent of the force with which the magnet valves operate. Aslong as the
trom Itage is sufficiently high to operate the magnet valves at all (200 volts), the
swil close and remain closed with the same certainty and power as when the full normal
wvoltage of 600, or more is available.

Finally the resistance is automatically short circuited by a switch
governed by a float. To cut in the resistance the liquid is depressed by
air pressure.

Ques. Describe the changeable pole method.
Ans. In this method the number of pole may ‘be’altered to
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secure variable torque either by providing the motor with
independent field windings, or by regrouping the field coils.

Ques. Which changeable pole method is preferable
and why? '

Ans. The regrouping method because it utilizes all the
winding.

F16. 8,637.—Westinghouse cylinder and magnet valve cut to show working parts. dl%
the reaction of the spring, when compressed by the admission of air to the
ds and the leverage l.s such that the pressure of 100 pounds a; rs at ge swﬂ:ch ans
forcmg them apart. The same construction which secures ing action of the
contact when the switch is closing is also of considerable beneﬁt when it is opening,
and an efficient application of the above force is obtained. The size of the air cylinder 1s
suchthatthenetpressuteatthe;rh ws for closing the switch is also a; nmtel 10)
pounds at all times of operation e low voltage current from the trolley, throug{ the
control resistor, for operation of the valves is so emall as to permit their arrangement for
operation under a wide variation of trolley voltages. The assembled unit of cylinder and
magnet valve is so secured to the frame of the switch group by means of two bolts that,
like every other part of the group, it can be easily removed and replaced, should this
become necessary.

Ques. What other names are given to cascade
operation?

Ans. Concatenation, and tandem control.

Ques. What is cascade operation? |

Ans. The various combinations of connection of two motors. ‘

In the concaténation of two railway motors, the armatures are
mechanically connected, the field of the first is connected to the supply
and the armature to the field of the second motor: the armature oF
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second motor is connected to the external resistance at start. As the
motors speed up, the external resistance is cut out till armature of second
motor is short circuited. l:‘:gr motors t?ef equal ?S&mbeﬁ of pOIel’m after
reaching maximum speed, ma separated and each,
resistance inserted in its armagy:re cixycuit, may have its field

FPics. 3,638 and 3,639.—Westinghouse blow out coil. Pig. 3,638 view with side of box cut away;
fig. 3,639, complete with pole piece, Each blow out coil consists of a number of turn o
eozzﬁu strap enclosed in an insulating box similar to the switch box. Each coil is secure
to the base plate of the switch group by two copper bolts, in the same way as the switches.

F16. 3,640.—Westinghouse switch group, covers removed, front view. The most important
item of a control equipment is the switch group. This consists of a cast and malleable iron
upon which the various switches are mounted, completely enclosed by three easily
removable sheet iron covers. A blow out coil is located at the side of each switch in order
to extinguish the arc formed when the switch i3 opened under load. The motor cut out
switches and the control circuit terminal board are located in a suitable compartment on
one end of the group and the overload trip, when not mounted on a line switch, is on the
.. The term unit switch as applied to this system of control signifies that the funda-
mental pieces of apparatus have slfparts arrangéd on the unit plan, so that any worn_or
part may be removed and replaced. A switch group, for instance, is made up by
e the req number of each of four different units, known ively as the
switch, the cylinder, the magnet valve and the blow out coil, these being,descril in the
accompanying cuts. ’




2,586 HAWKINS ELECTRICITY

-to-the supply. For maximum effort the external resistances may now
- be progressively cit out resulting in full parallel operation.

Ques. Describe the single control cascade method.

Ans. In this fnethod the second motor is cut out after the
period of concatenation.’

Ques. Describe parallel single cascade control.

F1G. 8,641.—Westinghouse standard reverser, covers removed. The reverser comprises a
number of co fi mounted on a stationary base, and ‘Y‘hmm on one or the other
of two sets of movable contact carried on a wooden drum. e drum i3 revolved to the
forward or the reverse position by one or the other of two pneumatic cylinders, each con-
trolled by a magnet valve similar to those in the switch group. Powerful forces approximat-
ing those for operating the switches, are used for moving the reverser, so that heavy pressures
on the fingers and firm contacts are thus secured. This construction'gives the reverser hg:
overload capacity for taking care of heavy current rushes. No springs are used in
reverser cylinders and the drum, when moved to one position by closing the circuit of one
of the magnets, remains in that position until the circuit of the other magnet is closed.
Suitable small Iingera mounted upon the reverser frame, and pressing upon co: i

movable contact pieces on the reverser shaft, establish the necessary interlocking connec-

tions. The reverser parts are built upon a skeleton cast iron frame and enclosed by remov-
able sheet iron cavers.

Ans. In this method motors are employed having a different
number of pole, or different gear ratios.

In operation, when the motor with the greater number of pole reaches 1
synchronism, it is cut out. If the motor with the lesser number of
pole be cut out instead, the train will operate at a speed between that
corresponding to concatenation and that for the free running of the
motor with the lesser number of pole with armature short circuited.

Ques. How are the changeable pole and cascade meth-
ods combined?
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Ans. By first making the sequence of pole change and then
applying either of the cascade methods, thus giving several speeds.

Combined Direct Current and Alternating Current
Control.—In changing from alternating current to direct cur-
rent (or from direct to altematmg) it 1s necessary to guard

t the ve ses. e i for
Fic. di'; rids are
cap l:d this,
wethm;u wu frames

the current received, that is, to prevent disaster should con-
nections be made for 600 volts direct current operation and
accidental contact be made with 6,600 volts alternating current
trolley. To guard against this, the main switch of the direct
current and alternating current car equipment is provided with
a retaining coil so designed that it will open when the motor
current is interrupted. Where alternating current and direct
current trolley sections adjoin, a dead section  is left between
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the two for a length not exceeding a car length, so that a car
may pass from one section to the other at full speed, in which
case the main ca. switch opens on the dead section through
" lack of power to operate the retaining coil, and will reset

F1cs. 3, 643 and 3 644 —Westinghouse master controller. Fig. 3,643 vmw wnh cover removed;
ﬁ 644 with cover in f]m ‘The master controller contams the usual power and reverse
hsndles. mutually interlocked. Except for the smallest mm of eqmpmenu, it u
with five notches in series and four in parallel, Thep of 18 ind d on
the cap plate of the master controller and also by a suitable star wheel inside of the case.

automatically for alternating or direct current operation as the
case may be, after leaving the dead section.

Electric Locomotives.—Numerous types of electric locomo-~
tive have been built for a variety of purpose, from yard switching
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to the hauling of heavy passenger trains at high speeds.
They may be classed

1. With respect to service, as

a. Switching;
b. lI:rexght

¢. Passenger;
d. Industrial;

2. With respect to the running gear, as

a. Single truck;

b. Double truck

¢. Double truck "with trailers;
d. Articulated, etc.;

PG, 3,648.—Westinghouse control resister. This is u.sed to_reduce the trolley voltage for
opera the magnet valves, The resistance element is of the slotted ribbon type, and is
iron to protect it from the weather.

3 With respect to the transmission, as

c Oonnectmg rods;
d. Scotch yoke;
e. Combination gear and connecting rods;

4. With respect to the power source, as
a. External;

b. Stmﬁctn
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The accompanying cuts give example of various types of
electric locomotive construction.
. Ques. What is a gearless locomotive?

Ans. One having the armatures built on the axles of the
driving wheels.

Ques. What is a geared locomotive?

Ans. One in which the motor drive is through gears.

iG. 3,646. —(_veneral kic . i 100 ton locomotn . ___ iucuwaew opvea =T BDG
t servi There are four 300 horse power motors of the box frame. eommutahng
pole forced ventllated type. Each of these motors at its one hour rating ‘will develop a
torque of 4,000 Ib. at a one foot radius. The geanng between the moto: and driving axle
@ 4.37 reduction and the driving wheels are 48 in. in diameter. With this mductwn
ench ‘motor will develop a tractive effort of 8,750 lb at the rail head, which gi total
tractive effort for the four motors of 35,000 1b. This tractive effort will be developed ata
:g:ed of 12 miles per hour. The four motors ‘have an overload capacity sufficient to slip
driving wheels and can develop under maximum conditions a momentary tractive effort
of 50,000 1b. to 60,000 Ib. The maximum safe speed of the locomotive running light is 35
to40mﬂesperhou.r Thegmareshrunkontoanextenmonofth e driving wheel hub
are two gears and two pinions per motor, one at each end of the armature shaft.
‘This form of construction is adopted on account of the unusually heavy quue and the
excessive overloads to which the motors are liable to be subjected in heavy railroad service,
The control comprises two master controllers located in the cab. There are two four wheel
trucks with articulated coupling.

Ques. Describe the side rod driver.

Ans. In this method, the motors are placed in the cab and the
driving torque communicated to the drivers by means of con-
necting rods.
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Ques. Describe the Scotch yoke arrangement.
Ans. The yoke drives one axle through a sliding block and
the others through rods connected to the yoke by knuckle pins.

Ques. Describe the combination gear and connecting
rods. ' .

Ans. In this drive the motors are geared to jack shafts
which in turn transmit the power to the drivers by means of
connecting rods. .

P1G. 3,661,—Plan view of a Westinghouse mine locomotive showing two motor equipment,
gesred drive, brakes, controller, resistance grids, etc.

The Running Gear.—There are two general types of truck
for electric cars: 1, those in which the car body rests upon the
truck bolster or side bearings which are supported by springs
for the side frames carried by the axle journal boxes as in the
case of the Brill maximum traction truck shown in fig. 3,652,
and 2, those in which the car body rests upon the truck bolster
supported from the truck frame which rests upon springs
carried by equalizer bars resting on the axle journal boxes, as
in the case of M. C. B. or Master Car Builders type of truck
shown in fig. 3.653.
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Ques. For what service are maximum traction trucks
extensively used?

Ans. For city street railway cars where the numerous stops

[
|
|
|
required demand a high rate of acceleration. 1‘
This is secured by supporting the weight of the car body between ‘
the center of the truck and the axle carrym{g the motor so that seventy |
five per cent. of the total weight of the car falls on the larger or driving

Pics, 3,664 a 1g; fig. 3,685
inside hu » short wheel
base and «k, and curve
limitations w1 mine ser..ce make this tne . ng arrangciucuv. Where a focomotive

car has a large wheel base, the inside lining arrangement is generally used, as under such
conditions the weight is better distributed. '

wheels of the truck. The idle wheels, which are commonly known as
the pony or guiding wheels are made of much smaller diameter than
the driving wheels in order to permit them to clear the under frame of
the car when the truck swivels on curves.

Qués. What use is made of the M. C. B. type of truck?
Ans. They have been designed to satisfy the .greater weight
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and higher speed requirements of the rapidly extending inter-
urban electric railways.

So long as the weight of the cars and the power required to propel
them remained comparatively small, the designs for electric car trucks
were naturally developed entirely from street railway practice but when
it became necessary to apply as much as 400 horse power to a truck, it
was quickly recognized that the solution of the problem depended
upon or the correct agi)]imtion of the principles wgich have been so
carefully and thoroughly worked out-on steam locomotives. It must
pe understood, however, that the conditions are not exactly the same
in the two cases. For instance, in the electric motor truck the driving

FiGs. 3,656 and 8,657.—Westinghouse self-lubricating bearms . Pig. 3,856 type used on box

frame motor; fig. 3,657 type used on split frame motor, shown in the sectional views,

bearing housing has a separate oil pocket from which the oil is fed and which may, at

any time, be gat . With this ent there is no excuse for wasting oil. e
inspector pours only enough oil into the cl ber to the free oil up to a pred i

depth. With the supply of free oil normally below the level of the opening in the bearing

there is no oil _wastgg.when. the motors are at rest through dripping or draminﬁ. The

bearing is provided with suitable wiper rings, that prevent an over supply of o1l work-

ing into the motor and ing the windings. In addition, it has an easily accessible

drain chamber, that catches the o1l as it works out of the bearings. There is no variation in

saturation of the waste. In modern Westinghouse motors the armature are
lubricated on the low pressure side. With this type of bearing it is usually sufficient to
renew the oil once a month.

wheels and the truck wheels are combined, and are necessarily much
smaller than the driving wheels of a locomotive. Furthermore, the
high speed motor truck cannot have any other guiding wheels other
than the driving wheels themselves, and must possess good riding
qualities for the protection of the electrical apparatus.
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Brakes.—Next to the controller, the brake is the mest
important device provided for controlling the motion of a car.
Its function is to slow down or stop a car at any desired place,

P1G. 3,658.—Internal arrangement of General Electric platform type storage battery locomo-
tive. Since the energy required for propelling the locomotive is obtained from 8
batteries and is, of necessity, limited in amount z' the space which is available for installing
such a battery, it is desirable to keep the speed of such machine comparatively low in order
that the pulling power may be retained to a value within the limits of the battery capacity.
The cost for power will vary from 50c to probably $2.50 per charge per locomotive, d
ing upon the type, size and efficiency of the batteries furnished, as well as the eﬁmcml
the charging equipment: The cost of power is here considered at § cents per kw. hr. The

uency of charge will depend on the severity and conditions of service,

after the power has been cut off and the car is being propelled
by its own momentum. As this momentum is overcome by
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Fic. 3. ;
. b

I of

Frc.

8,061.—General Electric gas-electric direct set for gas-electric motor gr
owmgwntml levers It consists of an eight cylmder 550 r.p.m., four cycle, gas engine
the V type, direct connected to the dynamo. Cylmders. 8in. dmmcw 10 ln. stroke.
Tlns set supplies power for the motors and compressed air for braking and air start.
St is accomplished by compressed air. A two cylinder, auxiliary gas engine with
integra alrcompreesorpmvxdum initial charge of compressed uriormlta.rtandbnk
ing reservoirs. A dynamo, direct connected, supplies current for car illumination and
headllghts. The controller lam the volt:ge and in addition places the motors pro-
gressively i m series and para Located on controller are also separate handles for
throttling the engine and reversmg the driving motors. Two standard type, 600 volt,
box frame. railway motors, 100 horse power each, are mounted on the axles of the front
are ingide hung and equipped with standard gears and r cases. The trucks
m of e hlgh speed, all steel, mbolster equalized type eels, 33 in. diameter
with M.C.B. bearings, wedges and flanges. Aﬁntubemdmﬁorumounmm
thermo-syphonamhtwn. The gasoline tank has a capacity of 150 gals.
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end of the car, at the dash board and to the left of the controller.
The upper end of the staff carries a crank or wheel by means of
which it may be rotated by the motorman so as to wind around
its lower end a short length of chain connected to the brake
lever system through which the manual force exerted on the

Fws.a.mtosm—Centerand side bearings. Pig. 3, Mcmmbea% for city and inter=
urban service; 533665.mebeanngw1th9mchtravel , side bearing with
}2 mch travel for interurban cars operating on short curves. The center and side bear-
of a truck form the contact points between itself and the car body. car bod;
pract:mll carried on the center plates on the truck bolster and comes in oonhct vnt‘
t.he t.mck gomthls point; but in order to prevent more than a slight dmplament
thevertxca side bearings are placed over the side frames of the trucks,
and 80 ndjusted as to leave suﬂicnent space between side bearing to&e plate and the plate
on the car to take up the maximum compression of the springs wh car i8 fully loaded.
It is a fact, however, that owing to a lack of adjustment, or from the displacement of the
car body from the vertical when rounding curves due to the excessive elevation of the
outer rail, the side bearings on one side may be brought into solid contact with the car
body. In order to facilitate the swivelling of trucks when rounding curves ball bearings
are frequently used in place of the ordinary bearing plates.

RE

brake handle is multiplied in amount to the desired direction,
and applied to the brake shoes which press against the wheels
of the car.

Pig. 8,660 shows a typical hand brake system.
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Ques. How do air brakes operate?
Ans. By power derived from compressed air and applied
te the brake levers by means of a brake cylinder.

There are two systems of air brake, which are distinguished from
each other by the method employed for admitting the pressed air
to the brake cylinder. ploy oo
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» which engages a gear B, made in one piece with a double sprocket wheel.
loops running through these sprocket wheels engage two hooks formed on
of the brake rod, or two separate brake rods which are attached at the same
sway bar. The upper chain is the only one used in braking, th € i
and held in reserve for use if the first set fail to work. When the brake is applied to a
car mounted on maximum traction trucks as shown, the diff Jnp een
the brake shoes on the driving wheels and those on the pony wheels is obtained by means
of a spring interposed between the brake system and the pony wheel brake shoes. The

L

ing pressure K pounda.oranamountemeedm]g’ the weight of an empty car.
&t ptog:rhon of the lever is secured when, (C+ )x(GXH)X85k-£tal weight
empty car. .

In the ‘“‘straight air’’ brake system, the air from the reservoir is

piped to the motorman’s valve, which is so designed that when the

* valve is turned to the position for a&;:ﬂing the brakes, the air passes
e cylind

€.

into the pipe running directly to the
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t

l"m 3 668—Dmgra.m of automatic air brake This ar t is very similar to
that used on steam railway trains and is ac.{opted for use on—Tectnc raxlwny trains com-~

posed of more | than two cars. It differs from the straight air brake in that the eom-

d of directly from the air reservoir through the train pipe, to

the vmoua brake cylinders, passes from the train pipe into auxiliary reservoirs connected
with each brake cylinder, as here nhown. where it 18 stored and automattcally rates
the brake mechanism in the movements of the motorman’s valve e.
‘When the motorman turns the ve.lve handle to the position which allows the air ta pass
from the main reservoir into the train pipe, the triple valve on the several ‘cars allow the
air to flow into the auxiliary reservoirs, ’i’he system is now in the proper condition for
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In the “automatic air’ brake system the air from the reservoir is
admitted to auxiliary reservoirs which are connected to the brake
cylinder by means of special devices called the “‘riple valve.”

The stra.i%ht air brake system is adopted to single cars or short trains
composed of motor car and one or two trailers. It is not suitable for
longer trains on account of the objectionable length of time which
would be required to supply the quantity of air necessary to fill the
brake cylinder.

PiGs. 8,669 and 3,670.—Elevation and inverted plan of storage air brake equipment as in-
stalled on car.

FI1G. 3,688.—Description continued. _
getting and mlef?ing the brakes. When the motorman moves the valve handle to the position

for, setting the brakes, the action of the valve cuts the communication with main reser:
wvoirs and permits the air to esca&e from the train pipe. The consequent reduction of

in the train ;ilge causes the triple valves to open a connection between the aux-
iliary reservoirs and the brake cylinders, which allows the air to enter the latter and
set the brakes. To release the brakes the motorman must again'turn the valve handle
to the position for admitting air from the main reservoir to the train pipe. The pressure
in the train pipe being thus increased above that remaining in the auxiliary reservoirs
causes the triple valves to take a position which allows the air in the train pipe to pass into
the auxiliary reservoirs, while at the same time the airin the brake cylinderisallowed to escape
to the atmosphere through the triple valve exhaust posts, thus releasing the brakes.
From the foregoing descriptions, it will be noted that in the straight air system, air is
admitted to the train pipe to set the brakes, while in the automatic-air brake system air
is admitted to the train pipe to release the brakes. In the straight air system the train
pipe is never under, pressure except during the time the brakes are applied, while in the
lautomltxcsynwmnalways under pressure, which is greatest when brakes are re-
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Car Lighting.—This is largely a matter of taste and judg-
ment, the arrangement and power of the lamps depending
upon the size of the car and the character of the service. In-
candescent lamps are used almost universally for both iaterior il-
lumination and for headlights. Cars of ordinary size usually have
a cluster of three lamps in the center of the ceiling and one at
each end. Larger cars have a row of single lamp placed at a
convenient height above the seats, and an additional row, or
one or more clusters of lamp along the center line of the ceiling.

g 3 WAY SWITCH TO BE PLACED
2| ONE SIDE OF HEATER swiTch
3 OVERHEAD AT FRONT OF VESTIBULE
. g I /oro BE USED FOR LIGHTS 3WAY SWITCH
AL

['3 waY Switch .
P
GEILING LIGHTS 2
A ResOEL |
3 WAY

GROUND v SWITCH
38,071. ing diagram showing head light in series with interior lamps.
In this case there are five circuits of four 16 c.p. 110 volt, ;;‘amp. l:-lapeel:ch. gﬁm
on & trolley voltage of 550 volts, therefore, 110 volts from each circuit goes to the
t, thereby giving 234 amp. of current which is sufficient for a 80 c.p. incandescent
,ora‘iﬂ;iampenmhmpfp;intembm cars. The wiring
shows 7 lamps on each side, 4 lamps on the ceiling, one lamp in each vestibule and one
illuminated a;fn at each end of the car. A three way switch is located in
by means of which either the vestibule light or the sign light at either
may be cut out of circuit, thus keeping only m.lm‘lps in service at any one time.,
. me.wwgofmebeﬁ&uhhm.usmﬂlmwwinm 0y
connection is cut into circuit to up the 234 amperes usually taken by the light.
Theselamps are, usually, connected in series on a special lamp circuit
with the trolley, the wiring being very much the same as in the case of
ordinary house lighting. The lamp on each platform is usually wired in
series with the head light on the other end of the car, and a change over
switch is grovided for throwing into circuit the proper platform l&t:;f
and head light whenever the running direction of the car is
It is quite practicable, however, to connect the head light to the
interior seé) circuit as shown in fig. 3,671, thus_eliraina the re-
sistance used with the independently wired head light and, effecting a
great saving of current.

EEtEE
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The following brief descriptions give the essential features of
some typical axle lighting systems.

The Stone System.—This equipment was invented in 1895 by Mr.
A. B. Gill, and was developed and improved by Messrs. J. Stone & Co.,
of Deptford England, hence is known as the Stone It has
reached almost universal adoption on the English raxlwa.ys.

F1G6. 3 672.—Safety Ligh Co. axle driven dynamo. It is a four pole machine, with amgle
shun to gwe arkless commutation at varying speeds and varying
load.s met wi m car lighti e frame is a one piece steel eastmg the mpportx:ﬁ
lugs beu:g cast solid vnth the frame. Annular ball are used. Space is provid
around tireue for lubncatlon. Greasd ves and felt washers prevent
the entrance of dirt mto e bearings and the leakage of grease into portions of the dynamo
where it should not go.

NOTE.—It is a tradition that the honor of first lighting railway cars belongs to one Thos.
Dixon, the driver of the Experiment, as the coach was called, on the Stockton & Darlington
Railwa England in 1825, Itis said that on the dark winter nights, out of pure goodness of

Ke in a penny candle and set it on the rough oak board that served as a
table in the cenwr of the coach. In those days the rallway com nies made no effort to light
their cars except to offer candles for sale ;’;,X”” ually times changed and the
railway companies furnished a few smoky les laced in each car. This was only to

* enable the passenger to find his way in and out of the car a.nd took no th t of his real comfort
and accommodation. Later, oil lamps were substituted in place of the candles, and these, th
at first only a slight improvement over candles, were improved and developed to give a fairly
5:33 light u the ra:lwati practice devel Car lighting has followed the same general lines of
e common methods of house and street illumination, but at no time
the last few years has any method of railway car hghtmg been equal to that employed
in houm or public places, The reason for this is obviously in the great difficulty of adapting
any method of illumination to the severe conditions of rallwa]y service. But, nevertheless,
pnchcslly all of the house and street illuminants have been utx ized in lighting railway trains
and in addif ﬁontothuthevastnpphcahonofcompressedl’ tsch gaa for lighting railway cars
has beend and later, v systems of electric lighting.
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The characteristic feature of the equipment is that each car is a unit
by itself, thus affording a much more flexible system than that of the
earlier systems of England, where the dynamo was located in the
guard’s van, this being suitable for block trains only. The equipment
consists essentially of a dynamo, a storage battery to act as auxiliary
when the dynamo is inoperative, and an automatic switch to close the
dynamo circuit when the critical speed has been attained.

The principle qnderlging the operation of this equipment is that
regulation is obtained by allowing the belt to slip. As the speed of
the train rises the dynamo voltage will tend to rise proportionally,
this causing a great battery charging current to flow, thus increasing
the dynamo output and belt pull. The method of mounting the dynamo
is shown in fig. 3,673.

)
LS
PF16. 3,673.—Method of dynamo ion in Stone system. As shown, the dynamo is sup~
at one corner of its ﬂe by the adjustable link A, in such a manner that it is
to swing toward or away from the driving axle. The suspending link is so placed
that the belt draws the dynamo out of the diagonal position in which it would mg\ﬂﬂy
hang, thus putting a definite tension on the belt, just sufficient to absorb the power re-
quired. It is obvious that when the pull on the belt exceeds that due to the offset sus-
pension of the dynamo that the dynamo will be drawn toward the axle and the belt
allowed to slip. ‘Thus the dynamo will run at practically constant speed for all values
of train above the critical value. A strong mechanical governor automatically
closes the dynamo circuit when critical speed has been reached. storage battery is
suspended underneath the car to act as auxi in lighting the lights when the dynamo
is inoperative., Another function of the storage battery is that it acts as a ballast or -
lator to keep the lights constant, absorbing all the variations of dynamo output.
lubrication of the dynamo js effected by means of an electrically controlled oil supg}z
80 adjusted that when the 8ynamo is in operation oil will low from the oil tank,
when the dynamo is inoperative, the supply 18 cut off and no waste takes place. The pre-
determined speed of dynamo was 915, at which it delivered 20 amperes.

MCcElroy System.—In this system the dynamo is mounted directly
on the trucks and is driven by a gear and pinion similar to those used
on the motors of trolley cars; these being enclosed in a wrought iron
gear case which is made dust proof with leather packing.
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Ques. Describe a common defect in car illumination.

Ans. The use of lamps of high intrinsicbrilliancy produces glar-
ing effects which are hard on the eyes especially when reading.

P16. 8,676.—One method of installing Safety Lighting Co. dynamo under a steel car. The
dynamo is a four pole shunt wound machine and has a capacity of 3 kw. or 75 amperes
at 40-volts. It is of the enclosed type to secure g:otection from dust, flying gravel, ete.
The armature is fitted with ball bearings, space being provided around the for
lubricating . The direction of current from the dynamo is kept constant by rotat-
ing the brushes through an angle of 90 degrees whenever the direction of rotation of the
armature is changed. The fuur brush boxes are mounted on a brush rocker and are in~
sulated from it by mica bushings and mica washers with large creepage surfaces. This
brush rocker is mounted on ball bearings, and is free to rotate between two stops, 90 de-
grees apart, on the head. While running in one direction, the friction caused by the
sure of the brushes against the commutator holds the brush rocker against one of the
stops, with the brushes in the proper position for sparkless commutation for this direc-
tion of rotation. Reversing the direction of rotation causes the brush rocker to be turned
over against the other stop, changing the position of the brushes 90 degx. Thed;
then gives the same polarity, although the direction of rotation has
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The intrinsic brilliancy of a lamp is the intensity of the light emitted
divided by the area of the source emitting the light. For example:
of two lights of equal candle power the one having the shorter or more
closely coiled filament and smaller bulb is the more brilliant, and is
the one that will have the greater tiring effect on the eyes. For the

same reason a large number of low candle power lights distributed
through a car will give a more useful illumination tgan a few high
candle power lights. :

PrG. 8,677,—Safety I.,iihting Co., type F, lamp regulator. It consists of two piles of carbon
discs in series with the lamps; the two piles .being in parallel. The pressure on these
carbons, and therefore their resistance, is determined by the armature of a magnet, the wind-
ings of which receive lamp voltage. ﬁy aunique design of magnet and levers, a high degree
of accuracy in voltage regulation is accomplilsc}:ed without the use of any auxiliary control,
;‘L“}?;\f:ﬁ““mg“ e The Dritot he o s oo Ty She pelL of the clostro aagnet

ha e. The pull of the spring is op) e pull of the elec 0
which is connécted directly across the lamp malxl,is and !s so designed that the armature
A will stay in any position through its stroke when the lamp voltage is right. When
the lamp voltage is high the magnet becomes stronger and pulls armature A down against
the pull of the spring and reduces the gressure upon the carbons C, increasing their re-
sistance and bringing the lsmg voltage back to normal. If the lamp voltage be low, the
magnet becomes weakened, the spring pulls armature A back, and through the toggle
exerts enough pressure on the carbon piles to decrease their resistance and bring the lamp
voltage back to normal. An air dash pot of the same type as used on the dynamo regu-
lator 1s employed on the lamp regulator,

“Axle’” Lighting of Cars.—This method of car lighting is
one now being very generally adopted on steam railways, and
in brief, it consists of a dynamo belted to the axle, storage
battery, and necessary auxiliaries for proper control:
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Within the dynamo compartment is a mechanieal device that deter-
n}i:hm the polarity of the circuit on reversal of the direction of motion
of the car.

A battery auxiliary is supplied as in all other axle devices. This
%q:tipment is one of the type that controls by varying field resistance.

e regulator is the characteristic part of the equipment and consists
essentially of a compound solenoid controlling a motor, which in turn
operates a field rheostat.

The compound solenoid is a part of the equipment that deserves
special consideration. It consists essentially of a series coil of hea
wire placed in the battery circuit, and in addition to this a shunt coil
which is connected directly across the dynamo terminals. Thus the
control is one combined for voltage and current regulation and appears
at least partially to eliminate the evils of the control by constant current.

By a proper adjustment of the ratio of ampere turns of the shunt
coil to those of the series coil, the regulator may be made to protect the
batteries from the destructive overcharge which is so often experienced
when a constant current regulator is employed.

This, from a battery standpoint, is a very commendable improve-
ment over the principle of control by constant current regulation and
deserves special emphasis. .

In explanation of the operation of this solenoid, assume actual oper-
ating conditions; there being 16 cells in the storage battery, the dynamo
voltage then varies between 32 and 42 volts at different points of the
battery charge. Accordingly the magnetic flux in the solenoid due to
the shunt coil would vary proportionally to this pressure. This might
be expressed as a variation from 320 to 420 ampere turns. Assuming
that the series coil had been adjusted so that normal charging current
would develop 110 ampere turns, this making a total number of 320
plus 110 equals 430 ampere turns in the solenoid when charge was first
commenced. Now as the batteries become charged the voltage rises
and the shunt coil magnetism is increased, thus requiring less magnetic
pull from the series coil to regulate. It should be noted that the mag-
netic pull which balances the pull of the adjustable regulator spring is
the sum of the magnetic pull due to the shunt coil combined with that
due to the battery current flowing through the series coil, and that as
the one increases the other must decrease to maintain equilibrium.
‘When charged condition is obtained, the 430 ampere turns total in the
solenoid would consist of 420 ampere turns due to the shunt coil, and
only 10 ampere turns due to the series coil, thus the charging current
has been reduced to only 9% of its normal maximum value. It is
obvious that by a suitable proportion of ampere turns due to the series
and shunt coils the battery overcharge may bereduced toany desired value.

In regard to the detail operation of the controlling apparatus, the
compound solenoid moves an iron plunger back and forth, which in
turn makes contact through the armature of a small motor, causing it
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to rotate backward or for-
ward, cutting in or outa
field rheostat as may be
required to regulate the
dynamo voltage. A lamp
resistance is also inserted
in each lamp circuit by
this motor when the dy-
namo becomes operative.
The motor serves also to
close the dynamo circuit
when the critical speed is
attained, thus an auto-
matic switch is not re-
quired.

In this regulator the
motor runs only when
regulation is necessary, so
that a minimum wear on
moving parts is obtained.
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e decrease in the battery current when all the lamps are turned on,
and would accordingly require that the charging be done largely during
theday. This in many cases would be a serious disadvantage, but when
installed on a car making at least a part of its run during the day
it might be made to operate satisfactorily.

Car Heating.—This may be accomplished by means of stoves,
hot water heaters and electric heaters. Systems using either

stove or hot water heaters are undoubtedly cheaper than those
employing electric heaters. '

\

‘\\ T

HEATER\

= =
l?n..s,%s‘o.a—%.gﬁon through car seat, showing location of panel heater of the system saown
in fig. 3,679.

The amount of power consumed by electric heaters naturally
varies with the climatic condition, but for cars ranging from
24 to 34 feet in length the power consumption for average and
severe weather conditions varies from 5 to 7 kilowatts, respec-
tively, so that the electric heater loads on both street railway
and interurban systems compose a very large part of the total
energy consumed. It is well known that on many well equipped
electric railway systems, the amount of power” consumed in
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heating and lighting the cars during very cold weather exceeds
20 per cent. of the power supplied to propel them. Both stove
and hot water systems however possess several disadvantages.
They occupy useful space, require special attention, and intro-
duce dust smoke and dirt into the car.

In the case of the stove, the heat is principally developed
in the upper part of the car, leaving the air near the floor com-
paratively cold. Furthermore, in the case of cars used for

Fi1c. 3,681.—Type of electric heater suitable for installation under cross seats of car.

heavy city service, where vestibules are not used and the cars
are not run as frequently in one direction as the other, it is
practically impossible to heat them by any other system than
that of electric heaters.

Ques. Describe an electric heater.

Ans. An electric heater consists of a resistance in the form
of a coil of wire, usually of galvanized iron, wrapped in the form

" a close spiral around a porcelain tube.
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wavy metal rods as shown. The smaller coil A

thus making it possible to obtain three var

In this heater the coils are wound around
the larger coil B, two-thirds,
in air temperature conditions.

changes

P1G. 3,682.—View showing construction of Gold two coil heater unit. The coils are so design
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Usually, two such coils are mounted in a
metallic case as shown by fig. 3,679, and the
entire arrangement secured to the risers under
the seat as shown, fig. 3,680.

Ques. What important point should
be considered in the design of electric
heaters?

Ans. Special provision should be made
to secure good circulation of air around
the resistance coils so as to transfer the
heat from their radiating surfaces as rap-
idly as possible into the space to be
heated.

Unless this arrangement be effective, the
heat given out will not be uniform, and a
large amount is apt to be lost through the back
of the casing. Furthermore, if the heaters be
installed too near the edges of the seats, they
are liable to become muffled by the clothing
of the passengers resting against the perfo-
rated front of the heater case, thus arresting
the air circulation, and causing the tempera-
ture of the coils to rise to a degree sufficient
to scorch the clothes, or to set fire to the
woodwork of the car.

Ques. How may the amount of heat
furnished by six single coil heaters be
varied?

Ans. This may be done by means of a
temperature regulating switch.

Usually, this switch hasfive positions. When
it is turned to the first position all the heaters
are connected in series between the trolley
and the track, the resistance in the heater cir-
cuit is greatest, and consequently the heat
radiated is least. When the switch is turned
to the fifth position the heaters are connected
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in three parallel groups of two each, the maximum current is allowed
to pass through them, consequently the greatest amount of heat is
obtained. In the intermediate position of the switch, one or more of
the heaters are entirely cut out of circuit at will.

Track Construction for Electric Railways.—This varies
in design according to the character of the service and the trac-
tion system or method of power transmission employed.

TYROLLEY

FUSE

‘K—wwm—www—wwww—

- - -
GROUND

F1G. 3,688.—Wiring diagram of six heater equi ment with type of heater shownmﬁg 3,682,
Three variations i in the amount of heate? o ed may be obtained with this mngement.
a suitable switch being provided by means of which exther the smaller, or the larger coils
(see fig. 3,682), orall the heaters may be turned on at a time, or both sets of coil may. be
operated at the same time.

The track construction for overhead trolley line systems
differs but little from other forms of railway construction, with
the exception of the bonding of the rail joints. With the use of
a ground return this is absolutely necessary to secure a con-
tinuous metallic path, thereby reducing the resistance which
would otherwise be introduced into the circuit.

Rail bonding is accomplished by a variety of method, ;A common
form of rail bond used on trolley roads consists of a-copper ‘wire, which
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and having holes drilled t!
rails and then expanded to a tight fit by the tapered steel pins
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the shanks., These shanks are inserted in the holes in
which are driven in the shank holes.

_Pig.
on

3,687 ribbon band. The steel

F1Gs. 3,684 to 3,687.—Various rail bonds.

is passed twice through holes in:
the rail on each side of a fish
plate. Atintervals the wire is led:
directly across the track and at-
tached to the other rail, thus
effectively connecting the tworails-

ether. Copper wedges are
driven into the holes in the rails
to effectually wedge the wire
against the rails. In the case of
doubletrack roads both tracks are-
connected together in a similar
manner. This type of bond is com-
monly known as the" solid wire:
bond, and when made in short.
lengths breaks easily from track
vibration.

Ques. Describe the cable
bond.

Ans. The cable bond con-
sists of a bundle of copper wires:
the ends of which are soldered
together and to terminals by
which it is attached to the rails
outside the fish plates. In some-
forms, the terminals have holes.
drilled through the center of the
shanks. These shanks are in-
serted in the holes in the rails.
and then expanded to a tight
fit therewith by beveled steel
pins driven into the holes.

Ques. Describe the ribbon
bond.

Ans. The ribbon bond con-
sists of a series of lamination
or thin strips.of. copper;.about
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.023 inch thick, bent into various forms to give the greatest
possible degree of flexibility.

In the soldered Iyﬁnof ribbon bond, the ends of the laminations are
separately timed, clamped together, and after being dipped in solder
or welded together, are covered with wrappers. The terminals thus
formed may be soldered to the head of the rail, or to the base of the.rail.

Ques. What advantages are claimed for the T form
of rail, as compared with the girder or grooved rail?

CROSS SECTION

1 1 1 11
1 I 1 1 1 1 1
T 1 I T
I -1 1 11 1 11 1 1 ) I
L

I_1 1 —_l
1

el
.

ASPHALT ‘53%'2}2;5

F1cs. 8,688 to 3,691.—Cross_ sections and plans of typical car tracks with T rails in paved-
street. The height of the rail used in any particular case will depend on the character of
the paving. In some cases it might be necessary to use an excessively heavy standard rail
weighing from 90 to 100 Ibs, per yard, but in most cases the y height can 3 d
by using a high T rail of lixt‘;r section. The cost of this form of construction with the
paving strip 8 ft. wide will vary from 5 to 7 dollars per lineal foot of single track, according
to the cost of material, weight of rail, wages and character of labor, etc. .

Ans. 1, It is designed on better mechanical lines, and there
is not eccentric loading as in the grooved rail, 2, there is not
excessive waste of material in rails required for heavy traffic
-and large wheel flanges. ‘Grooved rail weighing from 125 to
150 Ibs. per yard, are being used in many cities, where T-rail
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weighing 80 to 90 lbs. per yard, would be amply sufficient,
3, the flangeway is always ready for an increase in the size of
wheel flanges of local cars, or for the large wheel flanges of high
speed interurban cars, 4, the T rail is not as noisy as the girder
or grooved rail, 5, it has a longer life than any other type of
rail, particularly at the joints which are the vital points in
any rail, and 6, it is cheaper, more easily handled, and does not
require the use of high priced shop curves.

P1G. 3,692. — Section of unde d conduit showing handhole at each insulator; these are
located 15 feet apart, oles being provided every 150 ft.

Pigs. 3,688 to 3,691 show cross sections and plans of typical track
construction with high T rails in paved streets.

Conduit or Underground Troliey Systems.—The kind
of construction employed largely depends upon the local con-
ditions and requirements. In general it consists(of a series of
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iron yoke embedded in a concrete sub-surface structure which
forms the conduit from the underground conductors. The
type of yoke used in the construction of the track of the Lenox
Avenue line of the Metropolitan Street Railway Company of
New York City, is shown by fig. 3,693.

Prc. 3,008.—Yoke construction for conduit or underground trolley, as installed on Metropoli
Railways, New York City. These yokes were placed b feet a; in an at
the street. The track rails A, A,and the slot rails B, B, were then laid on the
ivi: ,and the ties C, C, inserted. The whole structure was then blocked up, surfaced and
ed, and constituted the track construction. The conductors consist of two channel
beams, D, D, placed 6 inches apart and supported by insulators E, E, at each yoke. The
contact rail joints are bonded in a manner somewhat similar to ordinary rail bonding, and
from a complete metallic circuit having a pressure of 500 volts between the conductors.
The current from these conductors passes through the slot or opening between the slot rails
and extends into the conduit to a distance cient to bring the plow contacts or shoes
P, the conductors. The spring G, tends to keep the shoes normally about
8inches apart, so that when they are pressed into the 6 inch space between the conductors,
they maintain a firm sliding contact with the latter. The yokes used on some of the lines
cted later are practically the same, but T iron conductors are used instead of the
channel beams. In order to provide of expansion and contraction the center of each section
of railis fastened solidly to an insulator at that point, and the ends of each rail are slotted
and bonded with a flexible bond. Hand hole provided with iron covers are &}aoed about
15 feet apart directly over the insulators. The manholes are placed about 150 feet apart,
and usually between the tracks. A ments are made at these points to drain the
conduit into the sewers. The bottom of the conduit is given a minimum ’Fmde of 2 inches
to 100 feet, 80 as to insure proper drainage on sections of level track. The contact rails
are treated like a double trolley wire, and the feeders and mains are laid in und
conduits, = This system is so expensive to install that its use is limited to only a few of the
m& tcigu where for various reasons the use of the overhéad trolley is objectionable and
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Third Rail Construction.—There are two types of third
rail in general use:

1. Exposed type;
2. Protected type { E’;‘Ztﬁt?cfﬁiact. .

The third rail is usually placed outside the rack rails on insulators
mounted on the ties, and is either entirely exposed as on the lines of the
Manhattan Elevated Railway, or protected by wooden shields carried

FiG. 3.694.—(—211:;;3 ;cnon'&hév.vmg cartruck of protected top contact third rail.

by yokes from the rail itself, as on the lines of the Interborough Rapid

ransit Company of New York, as shown in fig. 3,694. These represent
the simplest type of third rail construction, but while they give good
service with the special condition under which they are used, it has
been found that in many ways the top contact rail is not suitable for
interurban railway systems or for the electrification of existing steam
railroads. The principal objection is that as its lower part is only about
four -inches above the ties, it cannot be effectively protected from
accumulations of snow, ice, dirt, etc., which tend to cause serious
ground and excessive leakage. This objection-is' almost ‘entirely
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eliminated_in the protected third rail system which has been adopted on
the tracks of the New York Central illailwa , the Philadelphia Rapid
Transit system, and a number of other s, as shown in figs. 3,695

to 3,697.

Trolley Line Construction.—The various methods of
trolley line construction may be divided into two classes

END VIEW SIDE VIEW
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Pics, 3,605 to 8,607.—Details of protected bottomn contact third rail. It consistsof a seriesof
iron bracket carried on ties, to the tongued vertical face of which are clamped non- ri
moisture proof insulating blocks which loosely embrace the head of the rail. Intermediate
between the insulators the rail carries an insulating sheathing which embraces the head
and reaches down nearly to the bottom face of the rail, but extends outward from the web
soastoform a petticoat protection against snow and sleet. The position of the rail depends
upon the clearance requirements. To meet the ordinary trunk line conditions, the bracket
height is made such t the under-contact surface of the third railis 234 inches above
the surface of the track rail and the center of the rail is 2734 inches from the rail gauge line.
With this arrangement the height of the third rail above the ties and ballast is about 5
inches more than it would be in the case of ordinary top contact rail construction. On
crossings, the horizontally extending slipper shoe, which is normally pressed upwards by
the spring, lifts and clears the track rail by a safe margin.

according to the method employed for suspending the trolley wire,
1. Bracket construction;
2. Span wire construction.
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In both classes, the trolley wire may be supported either
directly from the insulators carried by the brackets or spans,
or from a steel cable or messenger cable which in turn is sup-
ported by insulators carried by the brackets or spans. The
former is the old and familiar method of construction employed

F1G. 8,698.—Eleven point bracket catenary construction for single track. The bracket type of
construction is the cheapest and is the one generally used for ordinary interurban service.
On double track lines the poles carrying the brackets are placed on each side of the right of
way.

fc}r direct current lines, and the latter is the new method com-
monly known as catenary line construction.

Although the catenary type of construction has been developed to
meet conditions incidental to the distribution of high. tension alter-
nating current for the operation of interurban electric railways, the
marked mechanical improvement obtained both in the strength and
durability of the overﬁead structure, and in the maintenance of a
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straight trolley wire, at & cost less than that of the older type, tend
to make the catenary the standard practice, not only for alternating
current work, but also for low and high voltage direct current work,
even on lines of limited extent.

The catenary type of construction was originally designed by .the
Westinghouse Company in connection with their single railway
¢ uéggxen{; designed for operation with line pressures from 3,300 to

K volts. :

There are two general classes of catenary construction: the single
catenary, and the double catenary. In both of these the principal
object aimed at is the maintenance of the trolley wire at a constant
distance from the top of the rails.

¥r6. 8,699.—Anchorage for double track span wire catenary construction. The span wire
construction is more expensive than the bracket construction and not as satisfactory, at

it requires longer poles and produces a more severe loading of the ﬁloel. than bracket
sion. It is used only ‘where the local conditions make its use absolutely necessary

through very wide streets or roadways of country

as in the case of of track

lawns.
Ques. How is the wire supported in the single catenary
construction?
Ans. By a single messenger cable carried by the brackets,
spans, or bridges.
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Pig. 3,608, shows an example of 11 point bracket catenary construc-

tion for a smgle track lme.p é shows the anchorage, for a

double track span wire eatena.ry as estgned by the General Electric
Co. Fig. 3,700, showsabndge supported catenary for a double track line.

* :
Ques. What strain is brought on the trolley wire ln
catenary construction?

1*
z"

’n.8700—B typemngleeatenaryeomtmctwnfotdwbletmckmad. Intlu.s
y wire is suspended from a me r cab! esuppomdonbndgena
t.ho tmcks and supported by towers on each side. type of construction is seldom
for anything but the heaviest class of service, such as electrified steam rai
substantial interurban roads handling heavy freight traffic as well as heavy passenger traﬁc.

Ans. The trolley wire has to support its own weight, only,
in the short spans between the hangers.

Accordingly, it can be selected with regard to its electrical carrying
capacity and regardless of its tensile strength but in order to keep the
deflection in these spans at & minimum, the trolley wire is usually
strung with a tension of about 1,000 lbs., thereby serving also to stiffen
the structure and prevent the' u'olley pushing xt over 'to one side.
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Do LSRR
. —Single cat: curve construction. In locating the bracket arms on poles and
Fic taﬁz(g'oles omn8 curves, thi effect of super-elevation and the lateral overhang of the cars ot
locomotives must be allowed for, ag well as the position of the current collector. Anci
spans should be placed at the ends of curves and at frequent intervals on tangents.

Frcs. 3,709 to 8,711.—Detail of bracket arm with steady strain. The bracket arm is con-
structed of a 3 inch I-beam, the outer end of which is bent upward, to prevent the mes-
senger cable falling if it should happen to become detached from the insulator. The
I-beam is secured to the pole by means of a tension rod and steel angles. The regular
distance from the center of the track to the pole is 7 ft., 4 ins., which is sufficient to provide
ample clearance on tangent for all types of equipment. It may be found necessary, how-
ever, to increase thisdistance on sharp curves, to allow for the overhang of large cars, and the
bracket arm can be readily lengthened to cars for any degree of super-elevation. The
steady strain and insulator are secured to the bracket arm by hook bolts and malleable iron
clamps so that they can be shifted to stagger the‘trollg¥ wire, a maximum throw of 814
inches being possible on each side of the center line. This staggering is essential where

tagraph or bow trolleys are used, but may be omitted on lines using wheel trolleys.
e steady strains are placed upon every fourth or sixth bracket arm on tangents, and
every bracket arm on curves. The insulators which support the messenger cahle are
of porcelain with brown glaze, and are proportioned for the operating liie voltage. The
form of the vital points in high voltage trolley line construction here shown is the skirt
type; it is secured to the bracket arm by a malleable iron clamp and hook bolt, as shown
at A, fig. 3,711. The steady strain which prevents the trolley wire swinging laterally,
consists of treated hardwi with substantial end sockets, one end being adopted to
clamp the trolley wire, and the other secured either to ¢he bracket arm for pressures up
tog,ﬁg;o;&u shown at B, or to an insulator and b t, for higher pressures, as shown
2t C.fig.3,
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Ques. What kind of messenger cable is used?

Ans. The messenger, or supporting cable is usually a %
inch seven wire galvanized steel strand. Bessemer steel is used
for spans up to a-maximum of 120 feet, and Siemen’s-Martin
steel for longer spans.

DETAIL OF ANCHOR POINT

P16. 3,712.—Catenary construction at anchor span. In erecting, the clamp used for the mes-
senger cable is placed at the center of a span, 8o a8 to grip both the messenger cable and the
diagonal anchor cable. Two pull off hangers are placed each side of the messenger anchor
clamp, replacing the ordinary hangers, and a short piece of strand wire is used to tie thess
pull off hangers to each other and the anchor clamp. The anchor wire is pulled between a
pole and an anchor pole on the opposite side of the track, both of which are guyed, and the
anchor cable is dead ended on the strain insulators. -

The messenger cable should be of sufficient strength to support the
under the most severe weather conditions. The cable is run out
in long lengths and then pulled up to a uniform tension in all spans.

Ques. In erection how are the trolley wire and mee-
senger cable installed?
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Ans. It is usually found convenient to run out the trolley
wire and messenger cable together, laying them on the bracket
arms for support until the messenger cable can be pulled up
~and tied to the insulators; the trolley wire is then stretched
and hung. Tower line cars or wagons of the usual design are
used in this work.

DETAIL OF SUSPENSION OF

DEFLECTOR

SI'RMN#
M' -
Pm.3713—Ttolley eon-u tion at switct thod of tructi loyed
mdmfn ds upon the ty, &of current collector used. For the wheol
holley. the ndu!g Iey wire is brought to main line at the switch, and then carried
down the main llel to and at a distance of 12 inches from the main line trolley

vme. toa dmtanee about 200 feet. For the pantagraph trolley, a so called deflector set
is used to prevent t.he trolley becommslg‘:ng t. The layout of the poles and line and the
ion of the d The deflector consists of number of trolley
wires held in place by ordmary trolley ears which are bolted to cross bars spaced about
8 feet apart and supported by the main line and siding trolley wires. The ends of theu
rods are mﬁl t:-bgfu:h: or b oxlntcl:lhee above t%e siding and the mm lme trol mlley
that 1o possibi! ends e pantagraph becoming ca mzna
wire is carried over that of the main line to an anchorage “5:
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Signal Apparatus.—The selection of proper signal apparatus
for an electric railway is governed by many conditions: whether
the system be single or double track, city, suburban, or inter-
urban; whether the track be straight, or have many curves, be
level, or of many grades; whether direct or alternating current
be used for train propulsion, etc. There are two general classes

of railway signal:

P1G. 3,714.—Four track double catenary construction with bridge supports. In this construc-
tion, the trolley wire is carried by two messenger cables supported on bridge of substantial
construction spaning the tracks at intervals of 300 feet or more, as here shown. This
3~pe of construction represents the highest development of the art of line construction for

ectric railways. It produces a very rigid structure which is not-subject to undue lateral
vibration for wind pressure, but is very flexible with regard to vertical pressures ex-
by the current collectors. Owing to its great cost, however, it is used only in

the electrification of lines of the heaviest class. g .

1. Block system;

2. Interlocking system. S

Block signaling has to do with keeping trains which are
*unning on the same track, at a proper  distance apart.
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Inter-locking signaling is for the control of trains over tracks
which intersect at points of crossing or divergence, and has for
its object the prevention of conflicting movements, the proper
routing of trains, and the insurance that the movable parts of
the track are in their right positions before the signals govern-
ing movement over them can be made to give a proceed indi-
cation.

< | 15PaN ) -—
H TROLLLY WIRE /
: NN—

—g
—_—
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TO TROLLEY FEEDER
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T —

. USE NO.12 HD. DWN, COPPER
e WEATHERPROOF INSULATION
SHUITCH 1 AMP FOR SIGNAL WIRE AND LEAPS
CAR OR 500V.

INDICATING
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F1G. 3,715.—Automatic block signal system. This system com: nses a signal box with white

and red h.ghts located at the end of each block provxd with corresponding red and

white semaphore dlscs a set of trolley switches by means of which the signal boxes are
automatically opera

Block signals may be classed as

1. Non-automatic;

a. Non-controlled manually operated;
b. Controlled manually operated;
¢. Staff system.

2. Automatic.



2,632 HAWKINS ELECTRICITY

Ques. Where are non-controlled manually operated
signals used?

Ans. At passenger stations, junctions or other convenient
points where operators are convenient in connection with the
telephone or telegraph blocks.

They are put in the proceed position to permit a train to enter the
next f)ylock when information has been received by the operator from

rreceey
PRCPACD 70 P06 AT SloNAL.
ATHENSONED

PooceTy

PREMEED TOMSSNEIT SR
o Py
PROCEES AT MCORNSPEED pesce

FicG. 3.716.—Cones?onding of semaphore and position light signals with their in-
dications. Early in 1914 Dr. Churchill of the Corning Gl.assl.gOompa.uy, while working
on some of the electric headlight troubles of the western railroads, discovered that it
wqupossibletosecgrevnrlongra  from a small light source located in the exact focal
point of a small wide angle lens, and in talking the matter over with A. H. Rudd, stlgnal
engineer of the Pennsylvania, it was seen to be altogether practicable to combine these
small separate units into rows of lights which would have the effect of the present sema-
phore arm and would do away with the color scheme altogether. Thus was evolved
the position light signal, which has now been covered by various patent applications.
It was, of course, a long way from the conception of the idea to ti e perfection of the
design, and it was not until the summer of 1914 that the signal was co satisfactoty
enough to adopt. The principal experiments were conducted at Wayne and later at Paoli.

- 1 1 1 1 1 ]
i
i
£

the next station in the direction of traffic that the preoedil.lg train has
passed out of the block. - They are placed in the stop position on the
passage of the train.

Ques. What is the objection to non-controlled manu-
ally operated signals?

Ans. Misunderstandings, and the dangers resulting therefrom.
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Ques. What provision is made in controlled manually
operated signals?

- Ans. Electric locks are applied to the levers operating the

manual signals.

The locks are included in circuits running between block stations,
and are so arranged that when an operator wishes to place a signal in
the proceed position he has first to ask (by bell srgnal or otherwise)
for an unl from the next station in the direction of traffic, and
coot%:mte with the operator at that station in the proper mampu]atmn

circuit to get his unlock.

) 3 %

STATIONY .

a1 STAFF INSTRUMENT )
CHBOARD

MG, 3,717.—Wiri m of automati system. By using the automatic operatoe
connected as ﬁown. it is possible to opeta.te a staff block thhout an operator at either
station. Twenty dry cells of battery are generally used to furnish current for the operation
of each automatic operator. When current is passed through the line the armature is
rotated in a direction to cause it to lift the wexght on whlch the normally closed contactis
fixed. When current through the line is broken this weight causes the armature to rotate
in the opposite direction a sufficient distance to close the other contact and cut in a local
battery. Current from this battery ﬁpames through a pair of coil holdmg the armature
in this position and releases the staff at opposite ends of the block. When the circuit is
again broken, battery is cut off the line.

Queés. Describe the staff system.
Ans. In this system the possession of a small metal cylinder,
or “staff”’ gives the engineer permission to run through a block.

These staffs are normally in one or the other of a pair of instrumeat
call staff instruments, one of a pair being at each end of ablock:” Only
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one staff can be taken from a pair of instrument at a time because of
their locking features, controlled by. circuits between the instruments,
requiring the co-o l;;era.tlon of two people, one at each instrument, to
abstract a staff. Until this staff is repEzced in one or the other instru-
ment, no other staff can be withdrawn.

Ques. What provision must be made for tracks used
for block signal circuits?

Ans. They must be insulated from the ground by fibre,
so that the electric current will not dissipate into the ground.

PG, 8, 718 —Method of a;:&»lymg bond wm to two buttmsg rail ends. Two wires, which are

usually No.8 B galvanized E B. iron, are shunted across the fish plate, con-

nection being made by means of channel pins.

Where rails are joined they must have extra electrical connections,
that is, be bonded so as to overcome the open break between the rails.

The block sections of track must be insulated from the rest of the -
track at these terminals as shown in fig. 3,719.

Bell and Relay Circuits.—For the operation of bells or
relays, there is the two rail circuit and the single rail circuit.
The rail or track circuit is that which is affected by the presence
of a train within a block. Where the railroad is equipped for
third rail electrical propulsion the single rail system is gen-
erally used; when steam engines are emploved the double
track system is used.
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Railway Signals.—These consist of colored lights, colored
flags or by metal signal banners. Some roads use a green signal
for precaution while others use a yellow signal. Red is the
danger signal.

INSULA
INSULATED INSULATED
RAIL RAILS RAIL

Jonts [ [ JDINTS
-I BATTEZRIES el
- e
h

cLeas

PF1G. 3,719.—Insulated rail joint at ‘end of a block section of track. A type used for heavy main
line traffic. Insulating fibre is laced between the rail ends and clamped between the rail
and the joint plates and insulaf tetf bushings are placed around the bolts.

Pic. 8 720 —Stmple method of lated joints of track and forming.
lock signal, thectrc‘utbemgcosedbythetmmasltpassesoverthatsecnon of track.

Ques. Name three kinds of signals in general use.

Ans. Caution, stop, and proceed signals.

Distant block signals are sometimes used in connection with home
block signals to signify the approach of a train.

Ques. What kind of signals are used during the day
and at night?

Ans. Flags or metal signals during the day and lights of
various eolor at night.
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Disc signals are displayed by movable shutters or discs in front of a
fixed background; semaphore signals, by the podtion of a movable
e—| MILE

) J I

-—.

F1G. 8,721.—Simple track circui‘t'wl':ereby a signal is operated by a train in a block.

Fies. 3,722 and 3,723.—Universal train annunciator. Fig. 3,722 showa annunciator
with mn‘:‘ual reset, and fig. 3,723, tic reset. The indications displayed m

with
type are shown in figs. 3, 24003726.
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arm in a plane at right angles to the track and mounted on a high pole.
The semaphore arms of distant si have notched ends while the
home signals have straight ends. en a home semaphore signal is up
it means to stop; danger ahead. When a distant semaphore signal is
up it means to pr with caution and the next home station signal
will indicate if the block be clear. Whether or not a relay be used in
the track circuit a bell is generally rung. At distant crossings only the
bell is used, but near stations the relay is used to not only ring a bell
but to throw a home signal.

PiGs. 3,724 to 3,726.—Diagrams showing operation of three position universal annunciator.
Fig. 3,724, normal posstion: card displaying clear, local gell contacts open; fig. 3,725
trasn in circuit position: card showing train, local bell contacts closed; fig. 3.726, restored
%ogum—shomng red color—this is done while train is on circuit; local bell contacts open.

e bell works on open circuit; the spring contacts being closed only when the train is on
the track. If it be desired to stop the ringing of this bell and reset the annunciator while the
train is still in the block, the lever is pulled down and the indicator shows a red color signal
wi remains in view until the train has left the block, when it automatically restores to
the position showing clear, as in fig. 3,726

Relays for Railway Signals.—There are four kinds of relay
used for signaling; these are classed as

1. Polarized;
2. Neutral;
3. Interlocking;
4. Time. _
These afe shown in the accompanying illustrations. Polarized relays

and neutral relays have much the same kind of electromagnets as are
used in the construction of crossing bells and are used in the simplest
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F1G. 3,727.—Polarized relay. wall type, with four front and four back neutral contacts and two
front and two back golar contacts. The armature of this relay is itself a ent
magnet and swings back and forth to either pole of the electromagnet as the ‘current
attracts and repels it or whenever the polarity of the relay magnet changes.

P16, 3,728.—Slow release neutral relay w1th sixfront and back contacts. This relayis
with extra larqe magnets having the slow release feature added as sometimes req by
polarized w railc when it is y to prevent the %%emng of signal cireuits
during the reversal of current through the polarized track relay. is slow release relay is
also used when line wire circuits controlling annunciators or indicators are used with track
mstrumz‘nu or short rail sections to prevent the circuit being opened or closed with the
passing of each car.
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bell circuits. Interlocking relay magnets are similar to double polarized
o; neutral relay magnets. Time relay magnets consist of a single coil
of wire.

Signal Circuits,—On electric railways equipped with a
trolley or third rail alternating current supply, direct current
must be used to operate the signals and the apparatus de-
scribed will work well on a single rail circuit, but where the road

P16, 8,720.—Glass enclosed interlocking relay; wall type with interlocking contact. Inter-
locking relays are in reality a combination of two relays in one and are used in connection
with two track circuits. The entire operation is actuated by gravity and without sp 3
Fig. 3,734 shows the interlocking relay connected to the frack of an unoccupied block;
fig. 3,735 shows the condition of the relay as the train enters it; fig. 3,736 shows the train
between the relay connections and fig. 3,737 shows the condition of the relay when the
train has pessed into a second block

is equipped with a trolley or third rail direct current supply,

alternating current must be used to operate the signals on a single
razl circuit. ,

The trolley railway is in this case supplied by direct current which

is fed by the trolley wire. After passing through the car motors it

passes to the grounded rails and thence back to the power house from
whence it came. .
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One part of the track is insulated from the rest of it between the
joints in two places, which part represents the terminals of a block.

The other track remains grounded and uninsulated, and to it is
attached one end of an alternating current relay winding, the other
end being connected to the insulated section. This relay, which is

enerally known to signalmen as the polyphase relay is connected

etween the insulated and the uninsulated tracks as is also the second-
ary winding of an alternating current transformer. The primary coil
of this transformer is connected to an alternator. A second smaller
transformer has one winding connected across the alternator mains
and the other winding connected to the signal circuit.

TR
B
sx
et
P16. 3,730.—A crossing bell circuit lhowmf' application of time relay (shown in fig.
3,731). Thereisa wid'e_vl:rc-i:: of app lcagpon fo:l' this type of relay, mcluydgnz wire-oper-
s,

ating ng bells, 1 g an

. Across the alternating eircuit relay winding is shunted, or connected
in parallel, a low resistance reactance coil for the purpose of absorbing
some of the alternating current. The relay works on closed circuit.

When there is no train in the block the drop in vol of the direct
propulsion current is divided between the two insulated ends of track
in proportion to the resistance of the apparatus connected across the
track, there being practically no drop of voltage in the block rail. Such
is the case also when a train is in the middle of the block. However,
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when a train is just entering the block near the relay both rails are at
the same (frwsure at that point because they are connected by the
. wheels and axles, which cuts out the relay and renders it inoperative,
- allowing the alternating current to flow full into the danger signal lamp.

The drop in direct current is then at the transformer which is very
unfavorable for the cperation of the transformer, which then receives
the maximum direct current from the track while delivering alternating
current to work the relay.

F1G.3,7381.—Rear view of Chicago time relay. A time relayis used when electrically controlled
time signals are required, such as line wire operated crossing bells. When currentissent into
the hﬁm i of the rel t the armature is attracted, which allows the pen-
dulum to swing toward the other magnet of the relay. Then it is automatically
afa.m and 80 is kept oscillating back and forth like the pendulum of an electrically operated
clock. ,Thxgm:y continue for a minute or a minute and a half, according to how the
mec is set.

. When the train is at the other end of the block and about to leave it,
the transformer receives no direct current and can deliver a maximum
of alternating current and at the same time the relay receives direct
current and is properly rendered: inoperative but the danger signal
lamp glows bright. .

This single rail alternating current signal circuit is used with marked
success in the New York subway.

The automatic block si] the automatic train (stops)and the
interlocking switches there are of the electro-pneumatic type.
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The track block relays control circuits which in tura control mag-
netically operated pin valves governing the admission of air to the
cylinders which actuate the signals and train stops.

It is possible to use the double rail return system for signaling where
the railroad uses direct current for propulsion and alternating current
for signal operation, by the use of balanced inductive bonds connected
across the rail insulations at the ends of the blocks. This double rail
circuit is a feature of the signaling operation of the New York, New
Haven and Hartford Railroad.

In the New York subway tunnel, home signals consist of a series of
regulated lights whose source of electrical supply is governed by the
action of the track circuit.

TF16, 3,732.—A method of frog bonding. There are many good foremen in charge of construc-
tion forces bonding frogs, but there are no two who iave the same ideas as to the best
method. It is the custom to put the holes in the rail where it is most convenient and to
put the channel pins on the side on which the bond wire is put through the hole. This
18 done because it is impossible to drive in the Jnn securely where the rail leads are close

ther. The man driving the pins often bends the wire away from the pin so as not to
strike it. To get around this method drill 4 instead of 2 holes and put the bond wire
through the hole and then bend back with a loop, and bond from the outside; this does
away, with all chances of striking the bond wire. In.the majority of cases copper clad
wire is used to bond in frogs. which is not" difficult to bend, as shown. In bondin
around the frog it is advisable to twist the wires and staples about 6 inches from the rail.
This leaves the wire so the section man does not interfere with it when he draws
?me?ﬁedAt bt;:e points A, B, and C it would be difficult to drive the pins if not put in as

escribed above.

-The home relay control circuit is fed from a secondary track relay
circuit ahead, to and through a secondary track relay circuit at the
place where it energizes the home relay.

A train passing into the block governed by this signal causes the
track closed circuit to open and the home danger signal to show.

The distant signal circuits are so arranged that when the distant
relay is energized a circuit is completed to the home felay which throws
a caution signal.
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Electric Interlocking.—When a switch lever in a tower is
manually moved from normal to reverse, the locking between
it and the signal lever controlling the governing movements
of the signal over the switch reversed is instantly released,
but when electric power is used for operating the switches, the
movement of the lever merely turns on the power and it is not
safe to assume that the switch follows the movement of the
lever because the circuit may be open at any place. For this

G 3 733 ~—Interlocking relay for alternating current. The contact springs are glass enclosed.

ach armature may be equipped with as many as three extra front and back contacts in

addltlon to mterlock:ng contacts, of which there may be as many as four. It is an im-
proved type of polyphase relay.

reason the lever movement is divided into two parts: 1, the move-
ment which causes the closing of the operating circuit, and 2,
the movement which causes the interlocking of other levers.
The first important step toward the development of a prac-
tical system of electric interlocking was when a means was
discovered for making use of a current of electricity which
could be generated by the switch operating ~motor” itself.
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F1Gs. 3,734 to 3,737.—Diagrammatic sketches illustrating the interlocking feature of univecsal
m§5b°“ relay. Fig. 3,734 track cu'cult A B and B C unoccupied, bell circuit opens;
train has entered track circuit. hz t L. armature
L-l causes cmtagt fi eBr 162(1;0 make eo)nta;:t vnth bi{l cm:\ut closed; ﬁg. 3,736, mxan:

track circui anc at rela; d.e-enzrgued tact finger R-
resting on L-2 bell circuit cl 5737 {nm 1in track circuit B C relay magnet L
mtmzon 2bellctmtopen. ‘When train pu-uoutd

cm:mtB Callmmnotmnlumﬁa. 8,734, operation similar in’either direction.
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an pulls &
i es a circuit

between two springs ' -
Fn.?.?:i!;.- ‘lever
is pull ugh a
contac lears,

according to this circui, a repeater located in the tuwc: .. _e-energized a..u urups its
armature, which shows the position of the blade whose action governs 1ts source of energy.

|
|
: ;

F1c. 8,740. nt is driven
by a Guwes wurren OF, U SOAIL Ui ...ea 3> wuncvwed by a magnetic clutch to an
extension working a cam drum which operates the switch and lock. en the drum is
revolved by the motor. first the lock and then the switch move in proper operation.
After the switch has been moved against the stock rail it is automatically locked and a
knife switch throws open the control circuits and closes the indication circuit. The direc-
tion of rotation for reversing the switch is controlled by a double field winding in the
motor, one part of which is cut out while the other is in circuit.
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Blocks.—The length of block sections of any railroad will
vary anywhere from one to two miles. To secure a maximum
capacity for train movements the maximum distance required
for the stopping of any train on the road should first be decided.
There are various conditions to be comsidered in fixing the
length of block.

TELEPHONE LINE
P

a %ﬁUGHTNING ARRESTERS

+ GROUND
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CIRCUIT CONTROLLER
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STICK K
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bl
SIGNAL BATTERY
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FrG. 3,741.—Train dispatcher’s selector system. This is used to indicate to the train engineer
whether he is to proceed on the main line or to take a side track. The indication may be
in the form of a disc, a light, a semaphore, or any prescribed signal. the indicator
signal is turned from the normal to the reverse position a special “answer back™ device
is also operated, which makes an audible noise and informs the dispatcher that the signal
has operated properly. This device is controlled by a commutator operating on the signal,
mechanism i1 connectjon with an induction coil. " To display a “take siding™ signal the
dispatcher turns a switch or depresses a key which mﬂ:s the selector by closing the
normally open contacts marked C. The “stick relay” signal battery current into &
motor which operates the signal. To restore the §|%nal to normal position the tcher
operates the selector in the reverse direction, which opens the contacts marked C. This
causes the “stick relay’’ to restore to normal position and throws a reverse signal back to the
dispatcher. This system is semi-automatic.




ELECTRIC RAILWAYS 2,647

Ques. What road conditions require long blocks?

Ans. Blocks should be longer on a descending grade than on
an up grade because it is more difficult to stop a train on a
descending grade.

Another feature involved is the curvature of the road or obstructions
to view, such as bridges. In every case the block represents the space
between home signals, the distant signals acting only as repeaters
for the home signals and indicated by notched semaphores.

p—
Fi1G.3 ve signals. If thsee
: readily arranged to
interlocking will be
s at clear, toallow a

‘mal or stc ition
to clear e ordi-

Management.—This relates, not only to the necessary
conditions of operation and control, but also to the numerous
disorders and mishaps likely to be encountered. The motor-
man or repair man who possesses a thorough knowledge of the
construction and working principles of all the car mechan-
ism is well equipped to cope with the ordinary faults arising in
operation, especially when some practical experience is coupled
with the theoretical knowledge.
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- On many large roads the motormen are expected to do nothing beyond
operating their cars and whenever trouble occurs to a car on the road
it is pushed in by the next car and the repair men at the barn make the
necessary repairs.

There are, however, many small roads where a knowledge of how to
remedy trouble is needed, and even on the large roads, the man who
understands his car can save many delays if he know how to intel-
ligently report troubles.

In enumerating many of the troubles to which cars and motors are
subject, the reader should not think that, without practical experience,
Teeme S —-= ~~= s well as a man

. 3, , until either blade
Fre lll indicate the same

several spectacles,
length from 4 to 5

who has been operating one for years. Practical experience is abso-
lutely necessary, but in connection with it the information here given
will be very helpful to the motorman.

A great deal must be learned by actual experience, and success in
economical operation on a car line depends partly on the watchfulness
of the motorman. While operating his controller he can readily detect
irregularities, first, by the way the motors take the current when the
controller is operated},' and secondly when the car is under; way, by the
sound of the motors.
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The economy which can thus be accomplished lies in the fact that
loose bolts, a loose connection and the like are easily tightened. These
are small troubles, caused by constant jarring of the car, which are

_easily attended to. However, if the car be not watched, bolts will be
lost, ings will come loose, the armature revolving at a high rate of
may be rubbing against the field magnet poles, or a wire working
out of its connection may cause a short circuit and blow the fuse, etc.
It will be readily seen that these small troubles, if not attended to in
time, are the causes of others far more serious, yet a turn of the wrench
oln; th::ictewdriver in proper time may easily prevent such troubles on
the road. ’

Trolley Car Operation.—To start the car, see that the
brakes are off, the canopy switches closed; then move the
controller handle to the first notch. After the car is well started,
move to the second notch, and after a short time to the third,
and so on to the last. Don’t stop the handle between notches,
and don’t move it too slowly. On the other hand, do not move
too rapidly from the first notch to the second.

Always wait for the car to get up to the speed corresponding to the

notch the controller handle is on before going to the next notch, other-
‘wise more current will be used than is necessary.

In shutting off the current the handle may be moved around
as rapidly as desired to “‘off” from whatever position it may
happen to be on. When stopping at any point, the reverse
lever is sometimes used to make the car go backwards. Never
reverse while the car is running, unless to avoid an accident.
But if it be absolutely necessary to stop the car quickly, pull
the brake on with the right hand and shut off the current with
the left at the same time; then with the right hand free, throw
the reverse lever and turn on a very little current.

If oo much current be turned on, the wheels will lose their adhesion
to the rails and spin backwards, which will increase the minimum dis-
tance in which the car may be possibly stopped.

Sometimes a very violent stop must be made, when the brakes fail,
possibly; or the trolley comes off, in which case reverse’and put the
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controller handle on the highest point of the controller. This causes
an interaction between the motors whxch brings them to a standstill.
It may damage the apparatus, however, and should only be used in
rare emergencies; this method is only available when there are two
motors on the car.

When approaching curves or turnouts the power should be
turned off, applying such power upon reaching the curves as
may be necessary to carry the car easily around.

The conductor should be on the rear platform with the trolley rope
in his hand, ready to give the signal in case the trolley jumps the wire,

Al
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MG, 3,744.—Three spectacle automatic double route home and distant semaphore signal
The post B consists of two lengths of channel iron strengthened by a lattice structure,
the base bolted to, or incorporated with a foundation of concrete, A. The top con-
gists of a platiorm G, rallmg E, semaphores F, bem%apsxevomd to short posts and operated
by motors and accessories houaed in watertight D. " This arrangement
protects two tracks having trains running in same direction.

in which case the motorman should move the controller handle to “off”
until he is notified to go ahead. The motorman should never stop on
curves unless absolutely necessary.

In running down grades, always have the trolley on the wire,
the controller handle at “off,” and the brake arra,nged so that
it can be applied instantly.
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Before going down a steep grade slow up the car, and set
the brakes gradually. If the wheels slide, loosen the brakes to
allow them to get hold of the track; then apply the brakes
again. If the brakes then fail, reverse the motors. If, in the
meantime, the trolley leave the wire, so that there be no
power, reverse arid throw the controiler handle to the last notch,
which will make the car come to a standstill.

In running up heavy grades, get the car up to speed, if possible,
before reaching the grade so that it will not require so much
current to climb up.

If the car be started while on a heavy grade, it will require a
very large amount of current. Whether to climb these grades
in series or parallel positions is a question on which instructions
are given in each individual case. If the wheels slip on the rails,
the sand box can often be used to advantage; but always be
sure, especially in wet weather, that the sand is dry. Do not
use the sand too freely, as you may run short just when it is
needed most.

If the power give out, notice if the other cars experience the
same trouble, as it may be due to an open circuit on the line;
if so, throw the controller handle to “off,” close the lamp circuit
and wait until the lamps light up.

If, when the lamps light up, the equipment will not move
the controller handle on the first point, the motorman should
first look to see whether his fuse has blown or burned out; if so,
open the head switch, or tie down the trolley pole and replace
the fuse.

If the fuse be not blown, the rails may be dirty and the car
insulated from the rails.

In this case have the conductor jam the switch bar between the
wheel and rail, while the motorman starts the car.

In rare instances there is a case of dead rail.
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A length of wire should be kept in the car where possible, and one
end placed on the rail back cf the car toward the power station, and
one on any exposed part of the iron fruck. Always place the end on
the rail first, otherwise a shock will be received.

In case, as the car goes along, a peculiar jumping action
occur, known as the bucking of motors, the motor affected should
be cut out by means of the motor switches in the controller.

Instructions are given the motorman how the motors are cut out on |

each different type of controller. For remedies for more troublesome
accidents see below. !

After bringing the car into the car house have the controller
at “off,” take off the controller handles, pull down the trolley
and tie it a few inches below the trolley wire. |

Points Relating to Controller Operation.—The question
of the proper handling of the controller is one in which grades,
the weight of equipment, motors and controller, all enter. It
is the usual practice to instruct motormen to handle their
controller so as to get the equipment up to full speed in a certain’
time; but they should be fully instructed to realize the difference
between the time when they are operating near the power sta-
tion, or at the end of the line, where the voltage drop is greater.
In this case the acceleration is slower, and to turn the controller
on too fast will increase the drop on the line and decrease the
acceleration of the motor.

In climbing grades the %uestion arises whether the motors should be
in parallel or in series. his depends largely on the location of the
car with respect to the vol-age delivery to the trolley at this point.
If the voltage drog be considerable with the motors in llel, the
series position will be found more economical, and the available energy
for the equipment greater. It has been proven beyond a doubt that
the proper handling of the controller will save as much as 20 per cent.
in the coal bill. The curves (Fig. 3,745) show some data obtained
from the Chicago Street Railway, illustrating the difference in power
consumption between a rapid start and a slow start.
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Failure to Start Car.—If the car fail to start when the
controller is ““on” and both overhead switches are closed, the
trouble is due to an open circuit, and probably to one of the
following causes: :

1. The fuse may have blown or melted. Open an overhead switch
or pull off the trolley and put in a new fuse, removing the burned ends

from under the bindi ﬁosts before doing so. Néver put in a heavier
fuse than that specified by the company, as it might result in damage

AMPERES

. - (] ' .
SECONDS '
Fe. 3,745.—Curves showing advantage of using controller correctly.

to the equipment by allowing too large a current to flow. The fuse
may blow because of some trouble on the car, as will be explained a
little further on. :

2. On a dry summer day, when there is much fine dust on the track,
it happens that the car wheels do not make proper contact with the
rail and the car fails to start. In such.a case try to establish contact
by rocking the car body. Should this fail to work, the conductor should
take the switch bar or a piece of wire and, holding one end firmly on a
clean place on the rail, hold the other against the wheel or truck. This
will make temporary connection until the car has started. The con-
ductor should be sure to make his rail contact first and keep it firm
duting this operation or he may receive a shock.
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3. If the track conditions be apparently good, it may be that the
car stands on a piece of dead rail, a piece of rail on which the bonding
has been destroyed. In that case the car conductor would have to
go to the next rail section with a piece of wire to connect the two rails
and then order the motorman to start his car.

4. A brush or two may not have been placed, or, if placed, may fit
too tightly in the brush holder, so that the springs do not establish
contact between the brush and the commutator. If this be the case,
remove the brughes and sandpaper them until they go into the brush
holder easily.

5. The contact fingers on a controller are rough, burnt, and perhaps
bent so that the drum cannot make contact. It may also be due to
wear on both the contact surfaces of the drum and the finger, which
may have been burnt and worn away to suth an extent that contact
is not established when the controller handle is placed in the first notch.
Try to smooth the burnt surface with san?l{)aper and bend the fingers or
contacts into their proper position. Should this fail, then operate the
car with the other controller. In this case the conductor should be
on the front platform to handle the brake and give orders to the motor-
man when to start and stop, as the occasion requires. Under these
conditions the car should never be allowed to travel at a high speed.

6. A loose or broken cable connection. This can be located and
placed and fastened in its position. It is, in most instances, a cable
connected to one of the motors, rheostat or lightning arrester, and very
seldom in the controller stand.

7. A burnt rheostat. A rheostat may have received too great a
current for some time and the first contact terminal may be broken.
In such a case, if temporary connection cannot conveniently be estab-
lished, the car will not start at the first notch, but at the second it will
start with a jerk.

8. If the car refuse to start on the first contact, but start all right
on the second and acts normal thereafter, then there is an open circuit
in the rheostat, either internally, or the first cable connection is broken.

Abnormal Starting.—Sometimes a car will start with a
jerk, but afterwards run smooth and normal. This indicates
a short circuit in the rheostat. Examine the rheostat terminals,
as the trouble may be due to the crossing of the cables or a loose
cable touching another terminal of the rheostat; do not touch
it but run car back to barn.
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Ques. What causes a motor to increase speed beyond
normal? N

Ans. This may be due to a short circuited or burned out
field magnet coil.

The motor should be cut out.

Ques. What causes a car to start with a jerk and the
gears to make considerable noise?

Ans. This may be due to worn pinion teeth, or worn bearing
permitting loose meshing of teeth, or the key seat on the arma-
ture shaft may have become wider by the constant wear of a
loose key.

Ques. What should be done if the motors start with a
jerk or do not run smoothly?

Ans. The conductor should lift one of the trap doors at a
time, while the car is running to examine the commutator and
brushes of each motor.

Should there be seen a flash all around the commutator or connecting
two brushes, there is an open circuit in the armature. Cut out the motor.

Faulty Operation.—Heavy flashing and smoking in the
controller is due to dirt, moisture, metal dust in the controller,
or the too slow turning off of the controller. Open the over-
head switch and blow out the dust from the ring terminals,
also remove all dust at the lower ends of the controller and see
that it is dry.

Should the lamps not light upon turning the lamp switch examine
lamp circuit fuse.
If fuse be not blown, either a lamp is not screwed up or one is
burned out. In either case none will burn because they are connected
in series. .
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#1cs. 3,751 and 3,752.—Westinghouse interpole motor as used on Piedmont railway. Fig.
8,751 pinion end of motor; fig. 3,752 commutator end. The motor is rated at 110 horse
power at 750 volts. Two motors are connected in series for 1,500 volt operation. These
motors are geared to 36 inch wheels with a 20 tooth pinion and 57 tooth gear. The cars,
weighing complete without load, approximately 41 tons, are operated at a schedule apeed
of 34 miles per hour. The weight of the motor complete is 4,150 pounds. The armature

is especially designed to withstand the higher voltage, being insulated with mica, and
having liberal creepage distances provided at the end of the commutator. The brush
holders have extra heavy porcelain insulators. The length of the dust ring at the end
of the commutator, and the clearances from the line parts of the motor to the ground are
greater than in ordinary designs.
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Motor Troubles.—A few motor troubles often met with are
given here: for a full treatment of the subject in general, see
Guide No. 3.

A sharp rattling noise when the car is traveling at high speed is the
consequence of an uneven commutator.

A commutator that is flat in places, or a few bars that have become
loose and project slightly, cause the brushes to be quickly forced away
from the commutator by the high bars, and to be forced back onte
the lower ones by the brush holder spring as soon as a high bar has
Ea.ssed. This causes heavy sparking at the brushes and excessive

eating of the commutator segments, besides the rapid wearing down
of the brushes. The rapid succession of these changes causes the
noise, and this can be remedied only in the repair shop. It should be
reported.

A dull thumping noise, also connected with sparking at the brushes,
may be due to the armature striking or rubbing against the pole pieces.
If this be due to loose bearings the cap bolts should be tightened, but
if, on account of worn out boxes, the car should be taken to the barn at
a reduced speed.

Abnormal heating of one of the motor armatures may be due to its
striking the field poles when rotating.

Heating of the motor may also be due to a defective brake, caused
by weak release springs or too short a brake chain. )

Again, heating may be due to the oil or grease used which does not
melt properly, if at all.

A full grease or oil cup is no sign of proper lubrication.

If it be found that bearings heat, in spite of full grease cups, take a
clean stick, make a hole through the grease down to the shaft, pour in
soft oil and go ahead.

It may be well occasionally to feel the car axle bearings, which get
pretty warm when insufficiently supplied with oil.

Before Starting a Train.—When the train is turned over
to the motorman he should:

1. Pass along the outside and carefully examine the bus
line and cable jumpers between cars, to assure himself that all
connections are properly made and that the main switches
are closed;

2. Pass through the train, closing air compressor-and third rail
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switches in each car, and opehing master control switches in all
cars ‘except head car or car from which train is to be operated;

3. DPass along outside the train again and satisfy himself that
the air compressors are working properly;

4. Take position in the motorman’s compartment at for-
ward end of train and note the brake pipe pressure, and
close master controller switch;

5. Set circuit breakers by moving the circuit breaker switch
over the master controller to the on position, holding it there
about one second to allow time for all circuit breakers to set;

6. Test the air brakes, and if same work satisfactorily, the
train is ready to start.

Starting a Train with Master Control.—After receiving
the signal to start, press down the button in the controller
handle, insert the handle key and give it a quarter turn.

Ques. Why should the button in the controller handle
be held down?

Ans. To prevent the pilot valve in the controller operating
and applying the brakes. -

Ques. What next should be done?

Ans. Move the controller handle to the left as far as it will
go, holding it there against the spring, which tends to return
it to the “off”’ position.

" The motor control will then notch up to full speed position by the
automatic progression of the contactors in successive steps, under the

control of the current limit relay. In this position it is not necessary
to hold tte button down to prevent application of the brakes.

To Start Slowly.—Move controller handle to the left to
first point. In this position both motors.on, ‘each)car are
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connected in series with all resistance in circuit and the motor
control will not notch up to higher speed.

Ques. How is the speed increased slightly?

Ans. By moving the controller handle to the second point
and quickly returning it to the first point.

Ques. What will happen if the controller handle be
left in second point?

P16. 3,7563.—Westinghouse interpole 750 volt railway motor, sho n.xle caps and axle dust
guard lae:nngns is another view of the moytor on medmont locomotives as
ahownmﬁgs. 38,751 and 38,752,

Ans. All resistance will be progressively cut out giving full
series or half speed.

Ques. What are the running positions?

Ans. The second and fourth notches.

The train should not be operated for more than a few minutes at
a time on the other or intermediate notches.
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Reversing.—When the train has come to a stop it may be
reversed by moving the controller handle to the right to the
first point. This connects the motors in reverse direction in
series with all resistance in circuit.

Ques. How fast can the train be run in reverse
direction?

Ans. Up to half speed.

Ques. How can higher speed be obtained in reverse
direction?

Ans. By operating the master controller at the other end of

the train.

This, of course, strictly speaking, is not reverse operation, but for-
ward operatton considering the rear car as the front end of the train.

Train Fails to Start.—If, when all the connections are made
and thie controlling handle operated properly, the train do not
start, the fault may be due to various causes, as

1. Failure of power;

2. Fault in master control circuit;

3. Fault in motor control circuit;

4. Non-release of air brakes.

Ques. How may a failure of power be detected?

Ans. By turning on the lights; if lights do not burn, the
current is off.

Ques. Name some faults liable to occur in the master
control circuit.

Ans. Loose cable jumper; grounded train cable; poor con-
tact in master controller; master control fuse blown.

Ques. How is a loose cable jumper detected?

Ans. B)} noting if the contactors on each car be working
while the train is accelerating.
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The trainmen should make the observations. If there be a loose
cable jumper, all cars ahead of the jumper will operate.

Ques. How is a grounded cable detected ?

Ans. By operating the master controller; if the master
controller fuse blow, it indicates that one or more wires of the
train cable are grounded.

! Reg

F1G. 3,755.—Schematic diagram of connections type HL control for four 75 horse power 500
volt metors.

Ques. How is a ground in the train cable located?

Ans. Disconnect train cable on operating car from rest of
train by removing train cable jumper from its socket on second
car. If the fuse now blow, when the controller handle is operated,
it indicates that the ground is either in the operating car or its
train cable jumper. .
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To determine which be grounded, remove jumper, if fuse blow when
the controller handle is operated, the ground is in the car; if it do not
blow, the ground is in the jumper.

Ques. How is poor contact in the master controller
detected?

Ans. Open master controller switch, remove cover from the
controller and turn the handle slowly, noting if each finger
make good contact with the drive.

Ques. What indicates a blown master controller fuse?

- Ans. If, in turning the master controller handle to the first
notch and thus opening the master controller switch, no arcing
occur, the fuse is blown or is imperfect.

Ques. Name some faults liable to occur in the motor
control circuit.

Ans. Main fuse blown; shoe or trolley fuses blown; bus
fuses blown; loose or disconnected bus jumper; circuit breakers

open.

The blowing of the main fuses should not occur often. It is
caused by short circuit or grounding in the motor circuit. Before
renewing main fuse open the main switch.

The grounding or short circuiting of the wiring on a car or truck may
cause the trolley fuse to blow. The trolley or trolleys should be
pulled down and trolley switch opened before replacing trolley fuse.

A shoe fuse may blow for short circuit, grounding of the car wiring
on some part of the car or truck, or may be caused by a contact shoe
on the car or train grounding. In replacing fuse, first open the third
rail switch and insert the wooden paddles, provided for that purpose
between all shoes on that car that are in contact with the third rail.

A loose or disconnected bus jumper may be detected when the
train is at a crossover and current cannot be obtained on operating
cars, although other cars of the train have current, thus indicati
blown fuse or fuses, or that a bus line jumper is loose or disconn
between the operating and adjacent cars.
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Electric Ship Propulsion.—Although the steam turbine is
extensively used for propelling vessels of various kind it is
subject to certain limitations which detract from its value,
especially for heavy marine work such as battleships.

For instance, while the turbine operates at its highest efficiency
when driven at a very high rate of speed, the screw propeller
of- the ship attains its maximum efficiency when turning at a
speed relatively very low—about 160 revolutions per minute.
This means the introduction of gearing or some other mechanism
to reduce the speed of the turbine to that best adapted to the
propeller.

Furthermore since the turbine runs inherently in one direction
only, means must be provided for reversing the propeller, either
by providing a reverse gear, or by installing on the turbine
shaft an extra set of vane for backing. The latter method is
the one generally used, although the backing turbine is driven
idle by the ahead turbine, thus increasing the cost weight and
space of the unit while decreasing its mechanical efficiency.

Flexibility of control in both backward and forward move-
ments is of the highest importance in the fighting ship and for
this reason the builders have been forced to employ a driving
mechanism embodying every possible feature of advantage
regardless of the cost of installation and subsequent operation.

Another essential in the propulsion of a battleship is that it
shall be capable of cruising day in and day out at about
three quarter speed and at the same time be able to make a
sudden, though perhaps long continued spurt at its maximum
speed.

The turbine is essentially 2 one speed machine and its ideal
operating speed is a high one. In order, therefore, that it be
made capable of attaining the higher speed, it must be operated
for the greater part of the time (while cruising) at compara-
tively low efficiency.
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The object of the electric drive is to overcome the inherent
defects or limitations of the turbine, that is to say, its function
is similar to the so called ‘“‘transmission” of an automobile in
that it gives flexibility of control and permits the turbine to
run at its most economical speed.

Various combinations of machinery for electric propulsion
have been worked out, being suggested by plans and principles
of proved appropriateness which have been employed in electric
power plants on land. These various systems have been pro-
posed by Emmet, Mavor, Durtnall, Hobart, Day, and others.
The problem has been to so combine generating units with

G, 8,766—Elementary diagram illustrating the essentials of electric ship propulsion. Two
turbine alternator units are shown on m%;e right which are wired for various connections
with the motors; the latter operate the propellers A, B, C, and D.

motors that the maximum efficiency of the turbine could be
obtained under all working conditions of the vessel, as in
maneuvering, cruising at low or moderate speed, and when
being driven at high speed.

An examination of the simple diagram, fig. 3,756, will serve
to make clear the plan of the driving mechanism. The generating
plant is composed of two independent turbine alternators,
each of which is capable of delivering one-half of the total
power necessary to run the ship at maximum speed. The .
driving motors are of the three phase variety and each motor
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is equipped with two sets of pole piece—one of twenty-four
poles and the other of thirty-six. By operating the motors on
one or the other set of pole, the speed is changed without
impairing the efficiency in any way. The plan of operation
is to drive the motors at the lower speed for cruising with only
one turbine alternator in operation, while for the greater speed
the two alternators would be operated in tandem with the
motors arranged to run at their maximum speed. Thus it will
be seen that when cruising, the one alternator is running at its
full efficiency as are also the motors, while the second alternator

C.

P16, 8,757.~Hobart’s alter-cycle control of induction motors for electric ship propulsion.
There are four motors E, F, G and H, wound respectively for 24, 36, 48, and 72 poles.
The maximum speed of the propeller shaft is 100 r.p.m. with full power of all the motors.
To run the motors at 100 r.p.m. requires frequencies of 20 cycles for the 24 pole motor,
380, for the 36 pole motor, 40‘: for the 48 pole motor, and 60 for the 72 B)le motor. Thus
to obtain equal r.p.m. the frequencies of the four alternators A, B, C, D are respectively
made 20, 30, 40,and 60. To obtain these frequencies when the alternators are down sa! to
600 r.p.m. requires respectively 4, 6, 8, and 12 %Jles for the alternators A, B, C, and D.
To drive the ship at two thirds speed, motors F and H are connected toalternators A
and C, which provide respectively 3¢ of the frequencies of B and D, to which F and H
were cqnnecte.s for full speed running. Since for the lower speed only about ¥¢ as much
power is required as for top speed, alternstors B and D, and motor E and G are shut
down. _For half speed a single motor is sufficient; this can be provided by opetatuﬁ
gg::rf from alternator B, or G from A. One third speed is obtained by operating

is idle. Likewise, when full speed is required, the second alter-
nator is started and run also at its peak of efficiency.

The following description of the machinery for electric pro-
pulsion in the new battleship California will illustrate, more
in detail the features of electric propulsion:
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The outfit consists essentially of a port and a starboard unit, each
consisting of a turbine driven, two pole, quarter phase alternator and
two double squirrel cage induction motors. Direct current field ex-
citation, at 230 volts, for the alternator, is supplied from a turbine
driven alternator in the engine room, or, if desired, is obtained from
the ship’s mains,

Conversely, the two exciters may be used in port to supgly power
to the ship’s mains, and thus form two valuable additions to the vessel's
power plant. :

The motors have two possible arrangements of pole, the change
from 36 %‘l&s to 24 poles being accomplished by simply throwing a
switch. ere is one motor in a separate compartment for each of
the four shafts.

For 21 knots both turbirie units are run and the four motors are used
in their 24 pole rig (low gear). This reduces the full turbine speed of
2,000 r. p. m. to 165 r. p. m. of motor or propeller.

e

Fe el
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TG, 8,768.—The Menlees system of propelling ships by gas engines. In the figure A is a
six cylinder gas engine coupled topa gnam\? B.p!The shaft 3 of the dynamo and engme
is adapted to be connected by a clutch D with the shaft E of the electric motor F, which
is connected with the propeller shaft. In operation, at all ahead ship speeds direct driv-
ing may be employed, but, for, speeds less than half, the electrical transmission may be
used, motor F, receiving electrical ene; from the dynamo B. The drive may also
be employed for reversing the astern sperg by not greater than half the full ahead
speed, suitable switches and gear being pmvidei

At cruising speeds one turbine is connected to the four motors in

. their 36 pole rig (high gear). Thus either turbine at 2,000 r. p. m.

drives four motors at 110 r.p.m. The other turbine is meanwhile
not in use. '

‘When the motors are not connected, the turbine runs at no load and
the nz%tgrs 1;t:a.nd idle, lIf oonne)cted thm one albernatoat"i la:l.l tlﬁe !rfno:obr:
turn (if in the same pole setting) at the same speed, although, if i
desired to back the port and at the same time stop or go ahead on the
starboard motors, this is ible. In other words, when in cruising
rig the ship can be quickly started, stopped, or turned by various
combinations of the four motors driven by, one turbine, and power
for 19 knots is available.
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Speed control with either one or two alternators running is entirely
by turbine throttle or on the so called ‘“variable-frequency” principle.

It is at once evident that the electricity between turbine shaft and
propeller shaft simply performs the same function that a clutch and
gear box do on an automobile, The electric machinery simply makes it

ible to reverse the propeller shafts and keep the turbine i
in the same direction, and also gives two gear ratios between turbine
shaft and propeller shafts.

The electric rig does not have a “direct drive,” as does an auto-
mobile, because this is just what is not wanted in a ship. On the other
hand, the electric rig gives two speed ratios ahead and two backing,
while the automobile gives usually two ahead (besides ‘‘direct”) and

Prc. 8,759.—Generating unit of U. S. Collier Jupiter, consisting of an alternator directl
connected to a turngne. ) Jup v

one backing. Being in any gear setting with either ship or automobile,
to go faster, speed up the engine; to slow, slow the engine. Without “shift-
ing gear” speed changes can be made in no other way. In the automobile
the clutch can at any time be thrown out and leave the engine running;
with the ship, the motors may be disconnected electrically and leave the

turbine running.

. e
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Between the exciter and the alternator there are, besides the usual
protective circuit breakers, one switch and one rheostat. As has been
said, the ship’s circuit can be used for supplying excitation for the
alternators, or in port the exciters, which are of about 300 kw. capacity,
can be used for supplying power to the ship’s mains.

The four main leads from the armature of, say, the port alternator
go through a four pole switch to the port bus bars. As this switch
1s opened only when no power is on the system, it is of the usual knife

. The two port motors are connected in parallel and then through
either one of two electrically actuated main oil switches to the bus bars.

Pi16. 3,760.—View of 6,000 horse power Melville-MacAlpine s?eed reduction gear with case
broken away showing construction. It is a double helical spur gear, designed with in-
volute teeth, and a transmission capacity of 6,000 horse power at a pinion speed of 1,500
r.p.m. The pinions have 35 teeth, the spur wheels 176 teeth. The 176th tooth con-
stitutes a bunting cog and equalizes the wear. The pitch circle diameters are 14 ins.
and 70 ins, respectively. The reduction ratio is thus practically 5 to 1, hence the power
is delivered from the gear at a speed of only 300 r.p.m. The pitch line speed is 5,500
ft. per minute and the design is based on a hmmﬁ pressure of 450 lbs. er inch of tooth
contact. _ Provision is made for the liberal use of lubricating and machine oil. Rear-
Admiral Melville writing in Proc. Inst. Civil Engineer, Feb., 1910, states as follows: A
full power test of 6,500 horse power was carried out for a period of 40 hours from 2.30 P.M.
on Oct. 16, 1909, till 6.30 A.M. Oct. 18. At the close of this test the gear was found to
be in excellent condition and without any sign of wear. This established without ques-
tion the fact that gearing could be made to transmit such large powers continuo at

igh s; .

When closed, one of these oil switches.connects the pair of motor for
‘‘ahead” operation; and when closed, the other switch connects the
motors for ‘‘astern’” operation. Only one of these switches can be
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closed at a time, and the closed switch is locked so that it cannot be
opened until after the alternator field switch is open. This last pro-
vision makes it impossible to break the main circuit until the current
in it practically ceases to flow.

In each motor circuit there is a four pole, double throw switch. One
closed position of this switch connects the motor for 36 poles, the other
closed position for 24 poles. As the pole changing switches are never
used with power on the circuit, they are simply knife switches.

When in cruising rig with all four motors driven by one turbine
unit, the port and starboard bus bars are connected together. At all
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Fic. 0,000.—. ngement of Westu[wfhouse marine steam turbines with Melville-MacAlpine
reduction gear, propose(l for S. S. Baltimore, The entire equipment is shown
as if insta]ﬁad in one of the two engine rooms occupied by the reciprocating engines with

which this vessel was actually fitted. Since the gearing is of 9814 per cent or conserva-

tively 98 % eﬁicnenc?',2 the output for a group of turbine such as would drive the Mau-
speed o

atas 5 knots would be 60,500 .98 =62,000 horse power, requiring an
estimated weight of 260 tons. The weight of gearing for a ship of the Mauretania’s dis-
lac t and speed would amount to some 300 tons in place of a weight of some 1,100

tons of machinery which would be saved. The turbines of the Mauretania are rated at
70,000 shaft horse power. Even the comparatively low speed at which these turbines run
is too high for maximum propeller efficiency. It is hardl gossgble that the propeller
efficiency exceeds 55 per cent, which means that the actual effective propelling power is
only about 38,500 horse power. At a lower speed well within the Cal)&bllltles of the
reduction gear, a propeller could be made that would have an efficiency of not less than 65
per cent. With this improved efficiency, the shaft horse power required for the same
effective pr%)ellut:ﬁ power would be somewhat less than 57,000, a saving of almost 15
per cent. With the turbine and propeller direct connected so that both revolve at the
same speed, not only is it necessary to sacrifice the efficiency of the propeller, but also
the efficiency of the turbines.

other times the port and starboard sides of the ship are not electrically
connected.

As the alternator field switch, the main switches, and even the turbine
governors will in all probability be electrically operated,) two master
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contollers, one in front of the instrument board in each engine room,
will suffice for handling the entlre main propelling plant.

The author believes the time and money spent in devising
such complication of machinery to secure flexibility of control
and to obtain the necessary speed reduction between high speed
turbines and low speed propellers could have been employed
.more profitably in perfecting a two speed and reverse gear, or
more especially in seeking’ a commercially successful method of
generating steam at considerably higher pressures and degrees
of superheat than are common at present, for use in triple
or quadruple expansion engines. -

In view of the economic results obtained in the White system
and in the various “locomobiles,” a quadruple expansion con-
densing engine, not handicapped with the present boiler limita-
tions, and operating under favorable conditions, that is to say,
under desirable initial and terminal pressures, and with a
sufficient degree of superheating and reheating to secure passage
of the steam through the cylinders without condensation,
should produce an indicated horse power on five pounds of water
per hour, or about one third the amount now required.

In devising any new method of steam making, a study of Prof.
Carpenter’s tests on the White steam generator will show the
marked effect of rapid circulation in reducing the heating
surface necessary for a given output.
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CHAPTER LXXIV

MOTION PICTURES

The subject of motion pictures may be included with pro-
priety in a work on electricity because of the electric arc gen-
erally used for illumination and the auxiliary apparatus neces-
sary for the proper working of the arc; in some installations the
generating machinery being included, comprising an isolated
plant.

While arc lighting has been treated at considerable length in
the chapter on electric lighting, the special adaptation of the
arc for moving picture machines is best explained in a separate
chapter. For completeness, the subject of motion pictures is
treated at length with respect both to its electrical and non-
electrical features. With this in view, a comprehensive expla-
nation of motion pictures is naturally given in the order of the
outline below which is followed in part.

1. Optics; 9. Projection;
2. The film; 10. Reproducing the pictures on the screen;
3. Motion picture cameras; 11, Stage effects;
4. Taking the pictures; 12. Motion picture theatres;
5. Developing; 13. Theatre lighting;
g. Xﬁ:iﬁ{‘erc;nc arc; ig Z([)n;aatallation;
. iary apparatus; . tion;
8. Motion picture machine; 16. Care and repair.

Optics.—By definition, that part of physics which deals with
the property of light is known as optics.
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Ques. What is light?

Ans. Various hypotheses have been made, the most important
of which are the emission or corpuscular theory, and the undu-
latory or wave theory.

The emission theory assumes that luminous bodies emit, in all
directions, an imponderable substance which consists of molecules
of an extreme degree of tenuity. These are propagated in right lines
with an almost infinite velocity. Penetrating into the eye, they act
on the retina and produce a sensation which is called vision.

The undulatory theory assumes that all bodies, as well as the
celestial spaces are filled with an extremely subtle elastic medium,

FiG. 3 ,762.—Images produced by small apertures showing the crossing of luminous rays at
the aperture causing inversion of the image.

called the luminiferous ether, the luminosity of a body being due to
an infiniteiy rapid vibratory motion of its molecules, which, when
communicated to the ether, 1s propagated in all directions in the form
of spherical waves, and this v1gratory motion, being thus transmitted
to the retina, produces the sensation called vision.

Ques. What is an image?
- Ans. An image is the appearance of an object at a place
where no object exists.

Ques. What is the difference between a real and a
virtual image?

Ans. A real image is formed when the rays actually meet;
a virtual image is formed when the rays only appear to meet.
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Ques. What is a mirror?
Ans. A polished surface which reflects objects placed before it.

According to their shape, murrors are called plane, concave, convex,
spherical, parabolic, conical, etc.

Ques. What kind of image is seen in a plane mirror?
Ans. A virtual image.

>

PiGs. 3,763 and 3,764.—Formation of images by plane mirrors. The determination of the
ition and size of unage resolves itself into investigating the images of a series of point.
ASE 1. Single point A placed in front of a plane mirror, as in fig. 3,763. Any ray AB,
incident from this point on the mirror is reflected in the direction BO, making the a: le
of reflection DBO equal to the angle of incidence DBA. If a perpendicular AN, be let
fall from the point A over the mirror, and if the ray OB, be prolonged below the mirror until
it meets this per})endicular in the point A’, two triangles are formed, ABN and BNA/,
which are equal, for thﬁ' have the side BN common to both, and the angles ANB, ABN
equal to the angles A’NB, A’BN; for the a.tt:gles ANB and A’NB are right angles, an
the angles ABN and A’BN are each equal to the angle OBM. From the equality of these
triangles, it follows that A’N is equal to AN; that is, that any ray AB, takes such a
direction after being reflected, that its prolongation below the mirror cuts the perpendicular
AA’ in the point A’, which is at the same distance from the mirror as the point A. This
applies also to the case of any other ray from the point A, as AC. It follows, that all
rays from the point A, reflected from the mirror, follow after reflection, the same direction
as if they had all proceeded from the point A’. The e]ye is deceived, and sees the point
A at A’, as if it were really situated at A’. Hencein plane mirrors, the smage of any point
$s formed behind the mirror at a distance equal to that o{ the given point, and on the perpen-
dicular let fall from this point on the mirror. CASE I1: Object AB placed in front of the
mirror, as in fig. 3,764. The image of any object will be obtained bé’ constructing the
image of each of its points, or at least, of those which are sufficient to determine its form.
Fig. 3,764 shows how the image A’B’ of any object AB is formed.

Ques. How are images produced by small apertures?

Ans. When luminous rays, which pass through a small aper-
ture into a dark chamber, are received upon a.screén, they form
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images of external ob-
jects as shown in fig.
3,762.

Ques. Why are
these images in-
verted?

Ans. Because the
luminous rays proceed-
ing from external ob-
jects, and penetrating
into the chamber, crog
one another in passifig
the aperture as shown
in fig. 3,762.

Ques. Whatis 1*-
flection? V.

Ans. The changesf
direction experienced
by a ray of light, or «f

other radiant energy,

when it strikes a sur-
face and is thrown back
or reflected, as shown
in fig. 3,767.

Laws of Reflec-
tion.—When a ray of
light meets a polished
surface, it is reflected
according to the two
following(laws:
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1. The angle of reflection is equal to the angle of tncidence.
2. The tncident and the reflected rays are both in the same plane.
which ts perpendicular to the reflecting surface.

Ques. Describe a spherical mirror. _

Ans. If a segment were cut from a hollow sphere and the
surfaces were silvered or polished, each side of the segment
would be a spherical mirror.

—Angles of incidence and reflection. LAW: the angle of reflection s equal to the
maeu';ll? of incidgce. The ray IO iscalled the incident ray; OR, reflected rav; angle ION,
ﬂle of incidence; angle NOR, angle of reflection; NO. normal or perpendicular to the

ecting surface.

The inner side is a concave spherical mirror, and the outer side, a
convex spherical mirror.

Ques. What is the focus of a curved mirror?
Ans. A point where the reflected rays meet or tend to meet
if produced either backward or forward.

‘ There is a real or principal focus, a virtual focus, and" conjugate ‘
foci. The principal and the conjugate foci are always on’the same
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F1G. 3,768.—Multi-image formed by two mirrors. When an object is placed between two
plane mirrors, which form an angle with each other, either right or acute, images of the
object are formed, the number of which increases with the inclination of the mirrors.
If they be at right angles to each other, three images are seen, arranged as represented
in the figure. %e rays OC and OD from the point O, after a single reflection, give the
one, an 1mage O’, and the other an image O’’, while the ray OA, which has undergone
two reflections at A and B, gives the third image O’”. When the angle of the mirror is
60°, five images are produced, and seven if it be 45°. The number of image continues to |
increase in proportion as the angle diminishes, and when it is zero (mirrors ﬁarallel), the |
number of image is infinite. In general, if two mirrors be inclined to each other, the
number of got‘hey produce is equal to the number of times the angle between them

mn .

\
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F16. 3,769.—Position of image in a plain mirror. Let a candle be placed exactly as far in front
of a pane of window glass as a bottle full of water is behind it, both objects being on a
perpendicular drawn through the glass. The candle will appear to be burning inside the
water. This experiment explains a large number of familiar optical illusions, such as *‘the
figure suspended in mid-air,” “'bust of person without trunk,"” “stage ghost,” etc. Inthelast
case the illusion is produced by causing the audience to look at the actors obliquely through

a sheet of very clear glate glass, the edges of which are concealed by draperies. Images of
strongly illuminated figures at one side appear to the audience to be in the midst of the actors.
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side of the mirror as the luminous point, while the virtual focus is always
on the other side of the mirror. The distinction between these various
foci is illustrated in the accompanying cuts.

Ques. What is a parabolic mirror?

Ans. A concave mirror whose surface is generated by the revo-
lution of the arc of a parabola AC about its axis AB as in fig. 3,770.

Ques. What is avoided by the use of parabolic mirrors?
Ans. Spherical aberration.

/ N
/[ \
o/ : \;

P1G. 8,770.—The parabola. A parabola DAC is a curve such that every point in the curve {s
zqually distant from the dweclnx KL and the focus F. The focus lies in the axis AB, drawn
from the vertex or head of the curve A, so as to divide the ﬁ%re into two equal parts.
The vertex A, is equidistant from the directrix and the focus or AE = AF. Any line parallel
totheaxisisa ‘diameter. A straight line, as HG or DC, drawn across the fi at right angles
to the axis is a double ordinate, and elther half of it is an ordinate. e ordinate to the
axis H F G drawn through the focus. is called the Farsmeter of the axis. A segment of
the axis, reckoned from the vertex, is an abscissa of the axis, and it is an abscissa of the
te drawn from the base of the abscissa. Thus A B is an abscissa of the ordinate

B C. Abscissee of a parabola are as the square of their ordinates.

Ques. What is refraction?

Ans. The change of direction which a ray of light under-
goes upon entering obliquely a medium of different density
from that through which it has been passing, as in fig. 3,773.

If the incident ray be perpendicular to the surface separating the two
media, it is not bent, but continues its course in a right line,
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According as the refracted ray approaches or deviates from the
normal, the second medium is said to be more or less refringent, ot |
refracting than the first.

Mathematical analysis shows that the direction of refraction depends
on the relative velocity of light in the two media.

Ques. Define theindex of refraction, or refractive index._

L]
]
\ 3 v (4 / v
53 a
Flcs.3771md3.772—00nm mirrar;. defi Inthed: Visthe
M the aperture; the principal axns CS a secondary axis; center of curvature;
P, prmcxpal focus ( mxdway twem% Any line drawn from é to the mirror will be

pe dicular to the mirror at that pomt Th:s line then will always be thc normal which

be used in making the angle of incidence equal to the angle of reflection. Now in fig.

2, if AB be an incident ray of light, the angle ABC is the angk of §ncidence. To find

the d:rectxon of the reflected ray draw BR so that the angle CBR equals angle ABC, then
will BR be the direction of the reflected ray.

P1G. 3,778, —Dmgram illustrating refraction definitions. All the light which falls on a ref:
surface does not completely pass into it; one part is reflected and scattered, while the other
penetrates into the medium. According to the undulatory theory, the more hlf;hly

refracting media is that in which the velocity of propagation is least. In un 1lized
media, such as air, liquids, ordinary Fla\s. the luminous ray is singly refrac: but in
certain crystallized bodies, such as Iceland spar, selenite, etc., the incident/ ray mves rise to

two refracted rays. The lavter phenomenon is called double refraction.
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Ans. It is the ratio between the series of the incident and
refracted angles.

It varies with the media, for instance from air to glass it is §; from
air to water, $.

Indices of a few common substances are as follows: alcohol 1.363
crown glass 1.53; turpentine 1.47; diamond 1.67; flint glass 2.47.

P16, 8,¥74.—Experiment illustrating multi-image in ordinary mirror. Let the flame of a candle
be o very obliquely in an ordinary mirror, From four to ten images of the flame
may be seen arranged in a row, as here shown. The second image of the series will be by
far the most brilliant.

Laws of Refraction.—When a luminous ray is refracted in
passing from one medium into another of different refractive

power the following laws obtain:

1. Light is refracted whenever it passes obliquely from one
medium to another of different optical density;

2. The index of refraction for a given substance is a constant
guantity whatever be the angle of incidence;
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3. The refracted ray lies in the plane of the incident ray and
the wormal;

4, Light rays are bent toward the mormal when they enter a
more refractive medium, and from the normal when they enter a
less refractive medium.

Ques. Define the critical angle.

Ans. In fig. 3,775, let CD be a surface separating two trans-

parent media, the lower one being the denser of the two (as air
A

2 ”"f“ W o
CRITICAL ANGLE
F16.—3,775.— ’mm illustrating the critical angle or that angle between the incident ray and
the perpends drawn to the surface in the medium of s er velocity at the point at which
total reflection begins to occur; the diagram is explained in the accompanying text,
and water). If a ray EO strike the surface it will be bent away
from the normal AOB, along the line OF, in accordance with
the law of refraction sin AOF=pu sin EOB. If now the angle
EOB be increased, AOF will go on increasing until sin AOF =1,
and the refracted ray passes along OD; in this case the ray in
the dense medium makes an angle BOG with the normal such
NOTE.—Effett produced by refraction. Bodies immersed in a medium more highly
refracting than air appear nearer the surface of this medium, but they appear to be more
distan tli-?immersed in a less refracting medium. A Stti?k plunged obliquely into water appears

bent, the immersed part appearing raised. Owing to refraction stars are visible even whea
they are below the horizon.
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that 4 sin BOG=1, from which, sin BOG=1+pu. This angle
BOG is thecritical angle.

The critical angle varies with the nature of the substance: thus, for
water and air, it is‘about 48.5°; for crown glass, 42.5°; for flint glass,
38.6°; for diamond, 23.7.

Ques. What is total reflection?
Ans. When the angle of incidence is greater than the critical
N B’
A

=== 1 i
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P16 3,776.—Construction of refracted ray. Let AO be a ray of light passing through air and
entering water at O. The index is §. Draw two circles with centers at O and with radii
whose lengthsareas 4 : 3. Draw Al and BR i?ergendjculag to the normal NN’. Since AO :
BO = 4:3,then Al : BR = 4 ;3. Hence if Al be the sine of the angle of incidence, BR
is the sine of the angle of refraction. If then, BB’ be drawn Bparallel to the normal, and a
a;.smlht ruler be placed on the points B/ and O, the line OB”, the refracted ray may be

wn,

angle, none of the light will emerge into the adjacent medium,
but all will be reflected; this is called total reflection.

Total reflection can take place only when light traveling in any
medium meets another medium in which the s is greater.

Ques. How do external objects appear to an eye under
water?
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Ans. They appear to lie within a cone whose angle is 97°, as
explained in fig. 3,777.

Lenses.—A lens may be defined as, a piece of glass or other
transparent substance with one or both sides curved. Both sides
may be curved, or one curved and the other flat.

The object of a lens is to change the direction of rays of light,
" and thus magnify objects, or otherwise modify vision.

/ CONE OF VISION

e, 3,777. —Appearance of external objects to an eye under water. Since the critical angle
for water 18 4834°, an eye loeated at M mll see omts above the water as though located
within a cone whose angle is 2X 4834° = 97°. reason for this is because if the eye
1ook toward the surface at an angle greater than 4814° it can see nothing but the reflection
from the bottom of the water.

There are various kinds of lens and they may be classed as:

1. Convex.

a. double convex;
b. plano convex;
¢. CONCavo convex,

2. Concave.
a. double concave;
b. plano concave;
¢. convexo concave.
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These various types of lens are illustrated in figs. 3,778 to 3,783
which give a better idea of the numerous combinations of curved and
plane surface than is obtained by definition.

'//////
o/

7
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Prcs. 3,778 to 3,783.—Various lenses. The first three are thicker at the center than at the
ers, and are called converging; the second three, which are thinner at the center are

called diverging. In lenses whose two surfaces are spherical, the centers of these surfaces

are called centers of curvature, and the right line which passes through these two centers

is the principal axis. In a plano-concave or plano-convex lens, the principal axis is the
perpendicular let fall from the center of curvature of the sphericai face on the plane face.

\‘

Pics. 3,784 and 3,785.—The principal focus. By definition, it is, that point where all the rays
1lel to the principal axis meet after reflection, as, for inst the rays from a source of
m at an infinite distance from the mirror, The sun is so far distant that its rays are
practically parallel. When they are reflected upon a concave mirror they are ted to

the principal focus F; forming a point of intense light and heat.

Foci in Double Convex Lenses.—The focus of a lens is the
point where the refracted rays, or their prolongations meet. Double
convex lenses have both real and virtual foci, like concave mirrors.
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Principal Foci.—Fig. 3,786 shows the case in which the luminous
rays which fall on the lens are parallel to its principal axis.

In the fi any incident ray as LB, in approaching the normal of
the point of incidence B, and in diverging from it at the point of emerg-
ence D, is twice refracted toward the axis which it cuts at F. Since all
rays parallel to the axis are refracted in the same manner it can be

\~~\Dg ;B"’ -— L

< o o "

P1c. 3,786.—Principal focus in double convex lens. CASE I: Ruys from lumimous sosrce
pavrallel to the principal axis.

P1G. 3,787.—Conjugate foci. By definition, when two points are so related that object and
§mage may erchange places, they are called comjugate foci. 1f aluminous object be placed at
the point O, it projects divergent light rays upon the mirror. These rays will focus ata
peint I, a little further from the mirror than the principal focus F. If the source of light be
now placed at I, the rays will pass back over the same paths and will come te a focus at O;
the points I and O thus related to each other are called conjugate foci. Concave mirrors
make divergent rays less divergent, parallel or convergent; parallel rays, convergent;
convergent rays more convergent.

shown by calculation that they all pass very nearly through the point F,
so_long as the arc DE does not exceed 10° to 12°. This point is the
principal focus and the distance FA, the principal focal distance.

Pig. 8,788 shows the case in which the luminous source is outside
the principal focus, but so near that all incident rays form a divergent

pencil.
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Virtual Foci.—A double convex lens has a virtual focus when the
{u»émog.; ggject <s placed between the lens and the principal focus, as shown
in fig. 3,790.

In this case the incident ra¥s make with the normal greater angles
than those made with the rays FIfrom the principal focus. Accordingly,

¥1G. 8,788.—Principal focus in double curve lenses. CASE II: Dipergent rays from luminous
.source. In the the luminous source being at L, by compari thegmthofndn_mging
ray LB, with that of a ray, SB, parallel to the axis, the former is found to make with the
normal, an angle LBN, greater than the angle SBN, hence, after trayversing the lens, the
ray cuts the axis at a point L’, which is more distant than the principal focus F. As all
rays from the fpomt L intersect approximately in the same point L’, this latter is the con-
jugate focus of the point L. This term has the same meaning here as in the case of mirrors,
ex] s the relation e: between the two points L and L’, which is of such a

nature that, if the luminous point be moved to L’, the focus passes to L.

F16. 3,789.—The virtual focus. If asource of light be placed at L, between the principal focus
F, and the mirror, any ray LM emitted from L, makes with the normal CM, an le of
incid L Y & FMC. The angle of reflection must be ter than CMS,
and therefore the reflected rag' ME diverges from the axis AK. This is also the case with all
rays from the point L, and hence these rays do not intersect, thus forming no conjugate

focus. If % be regarded as being prolonged on the other side of the mirror, their pro-

longations will intersect in a point L’, on the axis, giving the same effect to the eye as
though the rays were emitted from the point L’, this point being called the virtual focus.
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when the former rays emerge, they move farther from the axis
than the latter, and form a diverging pencil HK, GM. These rays
cannot Produce a real focus, but their prolongations intersect in some
point L/, on the axis, and this point is the virtual focus of the point L.

Foci in Double Concave Lenses.—In lenses of this form,
there are only virtual foci, whatever be the distance of the object.

F1G. 3,790.—Virtual focus in double convex lens. Inthe ﬁtﬁv:ne , L is the position of the luminous
source between the principal focus and the lens; Fis principal focus, and L/, the virtual

focus corresponding to the position L of the luminous source.

w

®

F16.3 791—Focxofeonvexm1ﬂ'on This type of mirror has only virtual foci. Let SI, and TK

nys parallel to the principal axis of a convex mirror. ese rays, afﬁerreﬂoctl , take

the diverging directions IM, KH, which, when continued, meet at a point F, which is the

principal virtual focus. In the tnanlgle CKP, it may be shown, in the same manner as
with concave mirrors, that the is appronmately the center of the radius of curva-

ture CA. If the incident lummous rays, instead of mﬁ arallel to the axis, proceed from

poth.mtuatedonthemataﬁmbedmanee,awrt focus will be formed at a point

between the principal virtual focus and the mirror.
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In fig. 3,792 let SS’ be any pencil of ray parallel to the axis. Any
ray SI is refracted at the point of incidence I, and approaches the
normal CL. At the point of emergence it is also refracted, but diverges
from the normal GC’, so that it is twice refracted in a direction which
moves it from the axis CC’. Since the same conditions obtain for
every other ray, S'/KMN, it follows that the rays, after traversing the
lens, form a diverging Fencil, GHMN. Hence, there is no real focus,
but the prolongations of these rays cut one another in a point F, which

is the principal virtual focus.

P16, 3,792.—Virtual focus in double concave lens. CASE I: Parallel incident rays. .

F16. 3,793.—Virtual focus-in double concave lens. CASE II: Divergent incident rays. In this
case where the rays radiate from a point L on the axis, it is found by the same construction
that a virtual focus is formed at L/, which is between the principal focus and the lens.

Experimental Determination of the Principal Focus of
Lenses.—To determine the principal focus of a convex lens, it

PG, 8,794, —Effect of placing luminous source at the principal focus of a double convex lens.

the point of liggt comes near the lens, the convergence of the emergent rays decreases,
and the conjugate focus L’ (fig. 3,788) becomes more distant. When the source 0“"%2‘5 L
coincides with the principal focus F, as shown above, the conjugate focus is at an infinite

¢ ce, that is to say, the emergent rays are parallel. When this condition obtains, the
intensity of light decreases slowly, thus, a small lamp canilluminate considerable/distance.
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may be exposed to the sun’s rays so that they are ‘‘pdrallel” to
its axis. The emergent pencil being received on a ground glass
screen, the point to which the rays converge or the principal
focus is readily seen.

g. 3,795 shows the exp2-imental determination of the principal focus

of a double concave lens.
M.
"/////

(7]

;

P1c. 3,795.—Experimental determination of the principal focus of a double concave lens. The ‘
face AB is covered with an opaque substance, such as lamp black. two small apertures, A
and B, being left in the same principal section and at an equal distance from the axis. '
A pencil of sunlight is then received on the other face, and the screen P, which receives the |
emergent rays, is moved toward or away from the fens until A and B thecpono(liiht !
fromt.hemﬂapetturep,mdktantimmeachqtherbytwiceA’B’. The distance DY is
then equal to the focal distance FD, because the triangles FA’B’ and FAB are similar. ‘

Optical Center; Secondary Axis.—In or near every lens
there is a point called the optical center, which is located on the
axis, and which has the property that any luminous ray passing
through it experiences no angular deviation, that is to say, the
emergent ray is parallel to the incident ray. The existence of
this point is demonstrated as in fig. 3,796. ' o

By definition, a secondary axis is any right line (as PP’, fig. 3,797),

whick passes through the optical center of a lens without passing through
the centers of curvature. From this property of the optical centzer. e%
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F1G. 3,706.—Optical center. Let two parallel radii of curvature CA and C’A’ be drawn to
e pucale, a8 being gerpendicular 1o 1o paralel SRt Loce i s ovilens that the refsacted
are » 88 1 rig €es, it 18 ent that the

ray AA’ is propagated in a medium with parallel faces. Hence a ray KA, which reaches A

at such an inclination that after refraction it takes the direction AA’, will emerge farallel

to its first direction. The point O at which the Tht line cuts the axis is therefore the
optical center. The position of this point may be determined from the case in which the
curvature of the two faces is the same, which 1s the usual condition, by observing that the

iangles COA and C’OA’ are equal, and therefore that OC = OC’, which gives the point

O. If the curvatures be '.mea:l , the triangles COA and C’OA’ are similar, and either CO

or C’'O may be found, and therefore also the point O. In double concave or concavo-

convex lenses, the optical center may be determined by the same construction. In lenses
with a plane face, this point is at the intersection of the axis by the curved face.

P

P1G. 3,797.—Secondary axis. This is any right line passing tht_uu% the optical center, but not
h the centers of curvature. Rays emitted from a point P on the secondary axis
nearly converge to a center point P’ on the axis PP’, and T as the distance from the
point P to the lens is greater or less than the principal focal distance, the focus thus fo:

will be conjugate or virtual. The formation of image is in accordance with this principle.
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FG. 3 789.—Image in convex mirror. Let AB be the object; draw two lines from A, and two

from B, to the convex side of the mirror. Draw lines from C through these points. These

lines are the normals,  Construct the angles of reflection and extend the rays until they

meet. Itisfound in this case that the image A’B’ is virtual, erect, smaller than the object,

and locateg on tht‘a opposite side of thera.l mu‘ror1 ] ﬂlhe effect o‘l):r:lnl)erim mirdt;or is to mah“d
convergent rays less convergen parallel, or divergent; rays, divergent

d1 t rays, more div ingener ,t.heconcovem.\rroreendstooollectdwnyl.

convex mirror to scatter them.

F1G. 3,799.—Formation of real image by double convex lens. Let AB be placed beyond the
rincipal focus. If a secondary axis AA’ be drawn from the outside point A, a.ny ray AC

rom this point will be twice refracted at C and D, and both turning in the sam
approaching the secondary axis, which it cuts at A’ the other rays from the pomt A
intersect in the point A’ which is accordingly the conjugate focus of the point A. If the
secondary axis be drawn from the point B, it will be seen that the rays this point
intersect in the point B’, and as the points , between A and B have theu foci between A’
and B’, a real inverted i image of AB will be formed at A’B’. To see this it may be
reoexved on a white screen, on which it will be depicted, so the eye may be mﬁ:oed
g:th of thetrﬁs emerging fromit. Again, if A’B’ were the luminous object,its image would
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secondary axis represents a luminous rectilinear ray passing from this
point because, from the slight thickness of the lens, it may bé assumed
that rays passing through the optical center are on a right line.

Formation of Images by Double Convex Lenses.—In
lenses as well as in mirrors, the image of an object s the col-
ection of the foci of its several point. Accordingly images fur-
nished by lenses are real or virtual in the same case as the foci,
and their construction resolves itself into determining the posi-
tion of a series of point.

P16. 8,800.—Formation of virtual image by double convex lens; object AB, placed between the
lens and its principal focus. If a secondary axis OA’ be drawn from the point A, every ra;
AC, after having been twice refracted, diverges from this axis on emerging, since the point
isat a less distance than the principal focal distance, this ray, continued in an opposite
direction, will cut the axis OA” in the point A’, which is the, virtual focus of the pomnt A.
Tracing the secondary axis of the point B, it will be found in the same manner, that the
virtual focus of this point is formed at B’. There is, therefore, an image of AB at A’B’.
This is a virtual image; it is erect and larger than the object. The magnifying power is
greater in proportion as the lens is more convex, and the object nearer the principal focus.

Pig. 3,799 shows the formation of a real image, and fig. 3,800, the
formation of a virtual image.

Ques. Describe the image formed with object at twice
the focal distance.

Ans. The image is real, inverted, same size as the,object,
and at the same distance from the lens.
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Ques. Describe
image formed
with object at
more than twice
focal distance.

Ans. ' The image
is real, inverted,
$maller than the
object, and beyond
the principal focus.

Ques. Describe
image formed
with object at less
than twice the

focal distance and

greater than focal
distance.

Ans. Image is
real, inverted, larger
than the object, and
more than twice the
focal distance from
the lens.

When the object
is at the prina
focus, the ra.ys ter
passing through the

_ lens will be parallel,
andmojimage will be
formed.
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Ques. Describe image formed when the object is be-
tween the principal focus and the lens.

Ans. The image is virtual, erect and larger than the object.
In this case the rays are made less divergent but not convergent.
Formation of Images by Double Concave Lenses.—These

lenses like convex mirrors give omly virtual images, whatever
be the distance of the object.

o=
)

G, 3,805.—Formation of virtua limage in double concave lens; no real image is formed with
this type of lens. Let AB be an object laeedmfrontoftﬁeleng. If the secondary axis
AO be drawn from the point A, all rays AC, Al etc., from this point are twice refracted in
the same direction, divergi.ng from the axis AO. so that the eye receiving the emergent rays
DE and GH, supposes them to proceed from the point where their prolongations cut the
secon axis AO in the point A’. Similarly, drawing a secondary axis from the point B,
the rays from this point form a pencil of divergent rays, the directions of which, prol "
int tin B’. A dingly the eye sees at A’B’, a virtual image of AB, which is always
erect, and smaller than the object.

Ques. How are rays affected by double concave lenses?
Ans. Diverging rays are always made more divergent.

Ques. Describe the image formed.
Ans. It is virtual, erect, and smaller then the object.
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Formula Relating to Lenses.—In all these lenses the re-
lations between the distances of the image and object, principal
focus, also radii of curvature, the refractive index, etc., may be
expressed by a formula.

If O be distance of the object from the lens, I the dxsta.nce of the
image, and F, the prmcxpal focal distance, then

1
'6+T=F ...... cecesssecscesecenn .(l)

»

F16. 3,806.—Spherical aberration. The reflected rays of concave spherical mirrors do not meet
at exactly the same point. For instance, the ray AB, will be reflected to F, but DE will be
reflected to H a point closer to the mirror. Thisis called spherical aberration. It has been

reflected rays only pass through a single point when the aperture of the

. A larger aperture causes spherical aberration,

producing a lack of “sharpness.” Every reﬂected ra; cuts the one next to it, and their
ts of intersection form in space a curved surface w! called the caustic b:y reflection.

y experiment, when the light of a candle is reflected from the inside of @ tea cup or a glass
tumbkr a section of the caustic surface can be seen by partly filling the cup or tumbler with

milk. éphencal aberration may be avoided by the use of a parabolic mirror. The point C

is the center of curvature.

mirror does not exceed 8 or 10 d

From the equation it is seen that if any two of the dlstanoes are
given the other can be found. Thus solving (1).

L L @
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Spherical Aberration; Caustics.—The assumption that
rays emitted from a single point intersect also after refracting
in a single point is virtually correct with a lens whose aperture,
that is, the angle obtained by joining the edges to the principal
focus, does not exceed 10° or 12°.

Ques. What is the effect of a larger aperture?

Ans. The rays which traverse the lens near the edge are
refracted to a point F on the principal axis nearer the lens than
the focus of the rays G which pass near the axis.

OF CENTER RAYS

HEE 1 NN NN

T

FOCUS OF INTERMEDIATE RAYS

PG, 3,807.—Effect of spherical aberration: it produces a lack of sharpness and definition of
an image. If a ground glass screen be placed exactly in the focus of a lens, the image of an
object will be sharply defined in the center but indistinct at the edges, and if sharp at the
edges, it will be indistinct at_the center. This effect is very objectionable, especially. in
pl_zot«;graptpc lenses. To avoid this, a disc D with a hole in the center is placed concentric
with the principal axis of the lens, thus only the central part of the lens is used.

That is to say, the rays farther from the principal axis are refracted
more than those near this axis. S

DAL

Ques. What ill effect is due to sphérical aberration?- -
Ans. The image is slightly blurred. ' O

Ques. How may this be avoided?
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Ans. By means of a ‘“stop,” that is to say, a disc with a
small hole in it placed in the path of light, as shown in fig. 3,807.

Ques. What name is given to the luminous surfaces
produced by the intersecting of the refracted rays?
Ans. Caustics erefraction.

-

Chromatic Aberration.—When white light is passed through
a spherical lens, both refraction and dispersion occur.

This causes a separation of the white light into its various colors and
causes images to have colored edges. This defect which is most observa-
ble in condensing lenses is due to the unequal refrangibility of the simple
colors, and is chromatic aberration.
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Ques. What is white light?
Ans. The light from the sun, the electric arc, etc.

Ques. What is dispersion?
Ans. The decomposition of white light into several kinds of
light as shown in fig. 3,808.

B 3,509, —Achromatic lens, ting of a combination of a double convex iens or crown
glass, and a double concave lens of flint glass. Whenever it is desired to project especi
good pictures upon a screen, lenses are often combined as shown in the figure. Here
indicates the line through the principal axis, at which the red rays reflected by the double-
convex lens would strike, and S, the line where the violet rays would be  projected.
addition of the double concave lens bnngls the red and violet together again at G. A com-
bination of two such roper distance apart and the surfaces properly
proportioned, may be made to combme any two ot the colors of the spectrum. According|
even thht the?:l connected lenses there is always some coloring on the screen, alt.hougl{
hardly noticeable.

hﬁs.3.810t03,812—v achromatic lenses. Pig. 3,810 and fig. 3,811 are types usually
used in photography, and fig. 3,812, a eombm&txon used in motion picture and stereopticon

pto

Achromatic Lenses.—The color effect caused by the chro-
matic aberration of a simple lens greatly impairs its usefulness.
This may be overcome by combining into one lens, a convex lens of
crown glass and a concave lens of flint glass.

Ques. What is the action of the first lens?

‘
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PG, 8,813.—~Diagram showing the various lenses of a motion picture machine and illustrating the principles of optical projection.

Ans. It produces both
bending and dispersion.

Ques. What is accom-
plished by the second
lens?

Ans. It almost com-
pletely overcomes the dis-
persion without entirely
overcoming the bending.

Principles of Optical
Projection.—The process
is almost the reverse of
ordinary photography.

For instance in photograph-
ing a scene by means of the
photographic objective or lens, -
a reduoeci) image is obtained on
ground glass, This glass is
replaced by a sensitized plate,
and by the use of chemicals
the image is fixed thereon.

In projection the process is
reversed, that is, a transparent
slide is made from the picture
made with the lens, or the roll
of film taken with a motion
picture camera is developed
and used in the projection
lantern or ‘“‘motion picture
machine” as it is usually
called.

hg]]zythmm of a ci)mlinensed
ight these are strongly illumi-
nated, and with an objective
lens, an enlarged image is pro-
jected upon the screen; tiis
screen image cotrespondmg’ to
the real objects photographed.
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The principles of optical projection for both lantern slide and
motion picture apparatus will readily be understood from the
diagram fig. 3,813.

At E is an electric light or other suitable illuminant the light from
which is caught up by the condensing lenses or condenser C; this
condenser is an arrangement of lenses so constructed as firstly, to gather
up as great a volume of light as possible and secondly, to concentrate
tﬁ’e light which it %z’ithers at the center or diaphragm plane of the ob-
jective when the objective is located at the proper distance from the
slide or film, which distance is determined by the focal length of the
objective.

The slide or film should be placed at such a point that the entire area
of the opening is fully illuminated, and it should also be placed so that
the greatest number of light ray possible should pass through it. Taking
into consideration the fact that the opening in the mat in the lantern
slide is 28 X 3 inches and in the motion picture film is 45 X154
inches, it will at once be evident that the slide must be p at the
point D in the diagram in order that its entire area be covered, and the
moving picture film must be located at the point F, in order that it may
take in the greatest number of light ray.

. ing from the slide or film, the light passes through the objec-
tive O, where the rays cross and the object 1s therefore reversed; by
means of the objective, the object is also imaged or delineated upon the
screen S, the degree of sharpness or flatness of the image depends upon
the optical connection of the lens.

Ques. What must be the relative positions of .the arc,
condenser and objective?

Ans. They must be so placed that an image of the light
source will be formed at the diaphragm of the objective.

Under these conditions all light coming from the condenser is utilized
and the image on the screen is at its brightest.

Ques. What provision should be made where lantern slide
and motion picture films are to be used interchangeably?

Ans. Since the opening in the slide mat is approximately
three times that of the moving picture film, it is therefore necessary
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to have a lens for lantern sl‘des about three times the focal
length of that of the lens used for films.

It should be noted that it is possible to match the size of the image
in one dimension only (either width or height) because the two openings
are not proportionate in size; accordingly, ¢ is necessary in ordering
lenses to specify whether the images are to be the same height or width.

How to Select a Lens.—The lens is probably the most im-
portant consideration in projection work, for on its selection
depend the quality and size of the image on the screen. Not

-

P36, 3,814.—Bausch & Lomb standard projection lens. It consists of two combinations fitted
into a cell and mounted in a brass tube which slides through a brass tube or sleeve. The
focusing is by rack and prism, asshown. Connection is made for spherical and achromatic
aberration, Equivalent focus 214 to 32 inches, and back focus 134 to 30 inches; corree-
ponding diameter of lenses 11§ to 24.

*

the lens mounting, nor even the diameter of the lens itself, but
its equivalent focus, and distance from the screen, determine
the size of the image.

Ques. At a given distance how does the size of the
image on the screen vary with the focal length?
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Ans. The greater the focal length the smaller the image.
Accordingly short focus lenses give large images.

Ques. What precaution should be taken in selecting
a lens?

Ans. The lens should not be of such short focus that the
magnification will be so great as to sacrifice definition and
perspective when viewed by an observer near the screen.

Pics. 3,815 and 3,816.—Two forms of conden.ser meito its form, the meniscus condenser
ill intercept and utilize a lar of light ray from the arc than the plano,
which means that more light w l be transmntted to the film, when a meniscus condenser is
used. The meniscus, however. because of being closer to the heat of the arc, is more liable
A combination c ng of one and one bi-convex condenser is

recommended.

Ques. What kind of picture is most desirable?
Ans. Brilliant pictures of medium size.

Ques. Howshould the projection distance be measured ?
Ans. From the slide or film to the screen.

The accompanying tables show the size of image obtained with
lenses of different focal length at varying distances... Other sizes, focal
lengths and distances can be computed as follows:
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Size of Image. RULE: Multiply the difference between the
distance from the lens to screen and the focal length of the objective,
by the size of the slide and divide the product by the focal length.

EXAMPLE.—Let L be the projection distance, 40 feet or 480 inches;
S, the slide mat 3 inches; F, the focus of the lens 12 inches. The
formula for size of image, 1s

7S @)
F
where d =size of image substituting the given data
d= 301D 117 ins. or 034 .

Focal Length. RULE: Multiply the size of the slide or
film opening by the distance from the lens to screen, and divide the
product by the sum of the size of the image and the size of the slide.

Expressed as a formula

_SXL
F=3 +S
substituting the values previously given

_3X480 1,440 .
F=iT743~ 120 ~ 2ins.

Distance from Slide to Screen. RULE: Multiply the
sum of the size of the image and size of slide mat, by the focal length,
and divide this product by the size of the slide mat.

Expressed as a formula

_F@+9)
L==%

substituting the values previously given

_12 (117+3)

L==—"3%

=480 ins., or' 40 ft.
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Motion Picture Machines.—The term motion picture
machine is the proper name of the apparatus used in projecting
motion picture film upon a screen; the use of such expressions
as projector, graphoscope, etc., should be avoided.

The function of a moving picture machine, as stated, is to project
motion pictures upon a screen, in_distinction from a motion Plctu.re

camera used for motion picture photography. Some of the “coined
expressions’’ are both ill advisedly and erroneously used

A motion picture machine may be said to consist of:
1. An optical system, comprising

a. Source of light;

b. Lens { gpadenser;

objective.

2. Intermittent film feed system, comprising

a. Upper reel; i Shutter;

b Upper steady feed sprocket; . Lower steady feed sprocket:
Steady drum; i. Lower reel;

d Film gate; j. Lower reel drive;

e. Intermittent sprocket; k. Operating crank and drive;

f. Intermittent movement; 1. Numerous presser rollers.

Besides these various essential parts, safety devices such as, fire
shutter, fire valves, film shields, etc are provided.

The elementary moving picture machine shown in fig. 3,819
is so drawn that every part can be seen; it does not represent
any particular machine but is intended to give a clear idea of
how the film is fed across the film gate intermittently and the
synchronous operation of the shutter whereby the light is cut
off from the screen during each movement of the film, with
alternate “on” intervals while the film is at rest.

Ques. Upon what property of vision is mbving picture
projection based?
Ans. Upon the “persistence of vision.”
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F16. 3,819.—El tary moving picture machine without case, showing essential parts.
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Ques. Define persistence of vision.

Ans. It is that property of the eye by which vision remains
or persists for a short interval after the thing viewed has vanished.
Owing to the persistence of vision, when two views are seen with an
interval of not more than one fiftieth of a second between the two, the

eye blends the two and accordingly does not appreciate the interval of

darkness which has occurred between the two, as is demonstrated in
moving picture projection.

Ques. Describe briefly the operation of the elementary
motion picture machine shown in fig. 3,819.

Ans. By turning the operating crank A, counter clockwise,
the main shaft B, is driven through the 4 to 1 reduction chain
drive D, a steady turning motion being caused by the fly wheel
C, this in turn operates the upper steady feed sprocket E,
through the 4 to 1 reduction gear F, thus the teeth of E sprocket
which mesh with the perforations in the film, feed the film at
a constant rate, the film being held against E by pressure roller G.
A film loop or length of loose film is thus maintained between E
and the steady drum H. The film is fed past the film gate
intermittently by the intermittent sprocket I, operated by the
Geneva movement K, the latter producing a quick quarter turn
of I, followed by a relatively long rest during’ which the main
shaft B, makes one revolution. The barrel shutter L, by &
2 to 1 gear with the main shaft and proper timing, operates to
cut off the light rays from the screen during each movement of
the intermittent sprocket I, and to admit the light during the
intervals that I remains stationary. The synchronous operation
of the intermittent sprocket and the shutter is very clearly
shown in the diagram. A lower steady feed sprocket M, which
operates at the same speed as the upper sprocket E, maintaing
a lower feed film loop N, and feeds the film to the lower reel O.
Because of the increasing diameter of the roll of film due to
winding the film on reel O, the velocity of rotation of O must be
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P1cs. 8,820 to 3,826.—Construction details of Simplex film gate. It is made of machine steel,
the lugs securing the gate to the holder electrically welded. . 3,820 represents
milled surfaces. The film trap shoes_ (figs. 3,820, 3,825), are of s nd on both
sides and beveled (fig. 3,820) to permit sliding into the dove tail slots (fig. 8,823). The
lateral guide rollers (fig. 3,824 and 3,826) are of steel hardened and ground; the
film cam;om)ass the guide rollers unless it be set between the two. If it should not be, it
automatically rights itself. The distance between the rollers is adjustable by a set collar
(fig. 3,826), The 2gate (fig. 3,825) is opened for threading by a light inward pressure on a

ble (fig. 3,826), and is closed by releasing the film trap door trip lever (fig. 3,825).
us, in th ing, there are only two operations: one to open, and one to close the
te. The intermittent sprocket tension shoe is made of ten pieces of hardened tool steel.
The two inside shoes are offset and do not touch the film. The cooling plate (fig. 3,826)
is made of two pieces of sheet steel separated 90/} inch, which arrests the heat by radiation
glng%ougu’t‘hgl‘i:;echutmandapeﬂmMe theﬁlmtrsp. ‘The air space between the -
p is 34 inch.
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allowed to vary; ‘this is accomplished by means of the belt
drive P, the belt permitting slippage below the maximum speed.
It should be carefully noted that the total revolutions made by
each of the three sprockets E, I, and M, is the same, the only
difference being that the motion of E and M s constant while

that of 1 is intermittent.
ol

PGs. 3,827 to 3,835, —Construction details of anintermittentsprocket and intermittent move-
ment. Fig. 3,827, intermittent sprocket and intermittent movement with case broken to show
interior; ~figs. 3,828 to 3,835, parts.  The intermittent movement is of the Geneva type
arranged to run in oil. The case is in two pieces, consisting of box and screw cover, as
shown in fig. 3,827. “Praming” of the film is accomplished by advancing or retarding the
intermittent movement by a device for turning the intermittent box forward or backward.
‘The revolving shutter synchronizes automatically by a cam system.

Ques. What is the object of the upper and lower feed
loops.

Ans. To lessen the inertia of the film by reducing the length
of film subject to the sudden intermittent motion.

Ques. What duties are performed by the film gate?
Ans. It guides the film so as to prevent any-lateral ‘motion,
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flattens the film, and by frictional resistance, prevents the
momentum of the film causing any up and down vibration.

The Intermittent Movement.—Various devices have been
introduced for producing the intermittent movement necessary
in projecting motion pictures. The movement consists essen-
tially of an intermittent sprocket and intermittent gear.

The sprocket is a cylinder with teeth at each end, or for very light
construction, it may consist of two hubs provided with te:& and

RECESSION
OF PIN

PiGs. 3,836 to 3,841.—Diagrams showing progressively the tions of the Geneva inter-
mittent movement. ?x% 3,836, approach of pin; % 3,837, initial position or beginning
of the movement; fig. 3,838, mid-position; fig. 5, 39, final position or end of the move-
ment; fig. 3,840, recession of the pin; fig. 3,841, mid-position of stationary period. The
Geneva movement consists of a maltese cross M' and a disc S provided with a pin F and

guide G. In operation, the pin disc S is in continuous motion and the pin is so
located that it enters one slot of the cross M and carries it along with it, thus causing one-
quarter revolution. The circular guide G is cut away sufficiently to allow the cross to
make a quarter revolution, but when it registers with the cross it holds the latter securely
until the pin rotates around to the next slot.

D ly spaced on a shaft to take the film. The teeth mesh with
p;%errations of the film and thus secure a positive movement.

Of the various intermittent movements, the Geneva is extensively used
and easily understood. Its operation is shown progressively in figs.
3,836 to 3,841.

Ques. What is the nature of the Geneva intermitteng
motion?
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Pics. 3,842to0 3,845.—“Threading{;na typical ¢
the method of threading the through tt
second finger of the left hand and gripping
the first finger. Fig. 3,843 illustrates how
forming the upper with the second
the intermittent sprocket with the first an
film trap gate by trip infthe film tri&leve
method of forming tge ower loop, thread
e}oemg the lower feed sprocket roll arm by «
right hand. The film is then inserted throt
base of the mechanism and is then fastened
Pig, 3,845 shows the machine completely tk
through the film trap and on to the lower fe  _ _
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Ans. The motion begins slowly, (fig. 3,837), accelerates to
a maximum at the mid position (fig. 3,838) and gradually slows
down to zero (fig. 3,839).

Fws.3846t03855—s:mp1extakeug4d vice. Fig. 3,846 belt drive for small reels; 3,854,
chain drive for large reels; 7 to 3,853, parts. The takeupisthe eqtuva.lent the bett
drive P, fig. 3,819, that is, it petforms the same function, viz.: to rotate at variable
the lower reel u which the film is wound. Instead of securing the variable by
belt slippage, a friction dxsc clutch is provided. Part 260 is the dri' ude of t.he isc and
is directly connected to the take up shaft 684. Theleatherfriction is 3
by 14" thick; om:t;aa between fnctxon disc 260 and pulley 26034. The dnvxng

pulley
dnven b rced to bear against leather washer 262 by spring 264,
is kept in place bya xmble and set screw 265.

Ques. Describe a variation in construction details.
Ans. Insteadof onlyonepinon thedisc, there aresometimestwo.

Ques. How may the relative periodé of rest and motion
be varied?
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Ans. By making the disc large in proportion to the cross.

The interval of movement can be reduced as much as desired in
proportion to the interval of rest, but the characteristic features of
starting and stopping the film gradually will be lost directly in por-
portion as the ratio between disc and cross sizes is increased.

Ques. How is the Geneva movement sometimes ar-
ranged in construction?

Ans. Provision is sometimes made for the movement to be
run in oil.

PG 8,856.—Power’s motion picture machine or Cameragraph; view showing lamp house and
m'ssc?ine with covers removed, exposing mechanism. P »
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Illumination for Motion Picture Projection.—Both gas
and electricity are used to produce illumination for motion picture
projection. The electric arc is universally employed wherever
electric current is available, but in many rural districts where

P16, 3,857, —Powers’ intermittent movement. The driving element is-a diamond-shaped

revolvmg surface wl:uch pm;ects from the disc, the latber being attached to the main

indle or shaft. A locking ring for the driven element is also formed on the face of the

3&: in such relation to the diamond that the driven el fro t with

the diamond to engagement with the ring. The driven element eonsmts of a cross as

shown with intermittent sprocket spindle formed out of a block of drop forged tool steel.
‘The intermittent movement is arranged to run in oil.

electricity cannot be obtained, gas is used and gives satis-

factory results. Several kinds of gas are used for illumination.
Burners for use with these gases are shown in the accompanying

cuts, also some types of generator or gas making outfit:
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The Electric Arc.—The subject of electric arcs has been
presented at length in Guide No. 9, and it is only necessary to
treat here of its special adaptation to optical projection.

The only modification of the ordinary arc required to adapt

.it for use in the optical lantern is to make it as much one sided
as possible, that is to say, to so arrange it that as much of the
light as possible will be thrown toward the condensers.

~
-

P1G. 3,858.—Challenge multi-tip- acetylene burner. It has eight tips set in pairs at an Angle
The gas comes from each set at an upward and inward aﬂg'le. ml;:tmgto g:rm one flame.

Ques. What kind of current is used for the arc?
Ans. Either direct or alternating

Ques. How is the direct current arc connected?
Ans. The positive pole is connected to the upper carbon of
the lamp and the negative pole to the lower carbon.

Ques. How are the carbons adjusted for direct current
motion picture arc?

Ans. The carbons are placed end to end in a straight line
except that the axis of the lower one is slightly in advance of
that of the upper one as in fig. 3,859. To bring tLe maximum
light upon the condensers the carbon must be'inclined ‘about 25°.
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If inclined too much, the end of the lower carbon will throw a shadow
upon the condenser; if not enough, the maximum light is not projected
upon the condenser.

Ques. How are carbons adjusted for direct current
stereopticon arc?

Ans. The carbons are set at right angles, positive carbon
horizontal, and negative carbon vertical, as in fig. 3,860.

. CONDENSER
NEGATIVE CARBO@ CONDENSER

P1G. 3,859.—Motion picture arc for direct current. The advance displacement, say 3§ hﬂ
causes the upper carbon to burn with a d 1 end tai the brilliant crater
the light is accordingly thrown toward the condenser.

That is to say, the ggsitive carbon is set in the axis of the condenser
with the negative carbon at right angles.

Ques. What troubles are encountered with alternating
current arcs?

Ans. Two craters are formed and if the light from both is to
be used, a very careful setting and adjustment is necessary to

avoid poor illumination and a double spot at the center of the
screen.
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Ques. What kind of carbon should be used for alter-
nating current arcs? . . A
Ans. Cored ca.rbons.
Ques. For angular settings, how does the angle of
carbon vary?
Ans. It varies with the amount of current used and the size
and quality of the carbon.
CONDENSER
- AXIS ;
POSITIVE
CAR BOl;i

NEGATIVE
CARBON

. 3800—Ste1*eogencon arc for dlrect current. This setting does not gi
as fig. 3,859, when a long arc is used, but for a short arc the carbons
anarcofmorebnlhancythanﬁg 3,859 is obtained.

Ques. In operation how is the proper angl

Ans. By varying the angle, that is “rocking” the carbons
while watching the screen till the best illumination is secured.

Ques. How is the light centered?

Ans. By moving the arc in a direction opposite to that in
which it is desired to move the bright spot on the screen.

Ques. Describe the lamp adjustments.

Ans. There are four adjustments: 1, vertical, 2, lateral, 3,
focusing, and 4, feed. :
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Ques. How is the arc started or ‘‘struck?”

Ans. Bring the carbons together by turning the proper
knob, then reverse and draw them apart until the proper arc
is secured. -

Ques. What is a proper arc?
Ans. An arc of medium length.

Fic. 3,881.—Fuloo pastil adapter. By means of this device the Guil pastil may be used with
any caleium burner. The main py;)rtion of the adapter is a hollow shell wh¥ch serves as s
receptacle for the pastil when not in use.

P1Gs. 3,862 to 3,865.—The Economic calcium light; makes its own automatically from
oxone and ether. Rig. 3,863 shows section ﬁew’ of interior of o:mt:g:.8 The parts are: I&
main tank; L, cover for tank; .G, gas bell or chamber; C, container for holding
oxone; R, wire rod for supportuff container in position; O, needle valve controlling
of oxygen gas direct to burner; H, needle valve controlling flow of gas through saturator
S which causes ether vapor (hydro-carbon ﬁas) to flow to_burner; S, saturator; I, mﬁ
connecting with ntisple of needle valve H; F, filler plug; X, overhow; B, bottom cap
saturator; P, pastal; N, nozzle of burner. 2
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Ques. What are the characteristics of a long arc?

Ans. The crater is at less than maximum brilliancy and the
current is reduced. ‘

Ques. How is the feeding of the carbon gauged?

Ans. By observation through the peep hole in the lamp -
house, or by the sound produced by the arc.

Auxiliary Apparatus.—Various devices are necussary for
the proper and safe control of the electric arc used in motion
picture projection.

ILTEg STRAIGHT
SETTING

CONDENSER -
AXIS _ — N

Si5)

CONDENSER

\

CONDENSER
AXIS

CONDENSER

Fi1G. 3,868.—Arc setting for alternating current arc with cored carbons. When cored carbons
are used, the crater will form in the end of the core, keexl:)mg in the center of the carbon
pencil, and the vapor of the soft core will hold the arc between alternations. Without

carbons; an alternating current arc has a tendency to run to the nearer edges of the
carbons with loss of brilliancy upon the condensers.

PFrG. 3,867, —Tilted straaight setting for alternating current arc carbons. The lower carbon is
placed a little ahead of the upper carbon. tends to draw the crater of the upper
carbon forward, thus improving the light on the condenser, but if the carbons be tilted too
much the lower carbon will obstruct light from the lower part of the lens. The carbons
must be in perfect alignment in a vertical plane, passing through the arc and axis of

Each installation will require proper fuses and switches in accordance

with the Underwriters’ regulations. '
" Rheostats are required with direct current to regulate the voltage so
as toobtain best results with the arc. Rheostats should never be used on
alternating current circuits for permanent installation as they are very
wasteful in comparison with transformers.

On alternating current circuits when it is considered that the hand
feed arc lamp used requires only about 30 to 35 volts, while the alter-
nating current is supplied at from 104 to 250 volts, it is obvious that
there is a large percentage of current wasted unless a transformer
having a proper transformation ratio be used.
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#16. 3,868.—Ninety degres or right angle arc lamp. With the 90° setting, the arc can be kept
nearer in line with the eentﬂeg of :ll:‘eg lenses forg greater length of time, without re-adjusti
e , because of the horizontal carbon being placed in line with the principal opti
axis and fed directly toward the center of the enser.

Fics.- 3,869 to 3,876.—Bausch & Lomb diagnms illustrating the results of defective
centering, that is, the shadows produced. Swuccessful results in tgrojectu:vn depend
largely upon the correct adjustment of the lamp, which must throw a brillian
illuminated circle upon the screen. After the objective is_focused, as will be -
denced by a sharp, clear image on the screen, remove slide and slide holder, and
examine the illuminated circle. If the light be centered and the lamp correctly
adjusted, the circle will be entirely free from coloration or shadows. In
3,669 and 3,870, the crater needs to be g(i)perl ad;'usted laterally; it being as
shown too far to the right or left; figs, 3,871 and 3,872, show; the crater too Lgh
or too low; in 3,873 to 3,873, it is too near or too far from ‘the condenser®
fiz. 3.876 shows it to be in correct position, the field being entirely clear.
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P16. 3, 877 .—Simplex arc lamp. The carbon holders are furmshed to accommodate carbons of
0 34" diameter and 12” upper and 6” lower in length ng capacity 75 amperes.
ere are eight adjustments, six being accessible from the back of the lamtE house, and
two, to alter the angle of the carbon, from the inside. The lamp can be withdrawn from
the back of the lamp house, so that all parts are readily accessible,

p. Carrying capacity 100 amperes All adjustments are accom=
ed irom the outude of the lamp house. Carbon range from 34" to 3{” in diameter, 6%
for lower and 12” length for upper carbon. The carbon mag be placed at any angle
desired, and can be moved mde?ndently of each other, forward, backward and sideways,
or the whole lamp can be swung forward or backward, laterally, and up'and down.
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The Film.—This is made of celluloid, being similar to the
film used in ordinary cameras, excepting that it comes in long
strips, one thousand or more feet in length.

The size of each picture on the film is U inch high by 3¢ inch

wide. The film is 134 wide which leaves a margin on each side of
the pictures for the holes which mesh with the sprocket teeth. These

— —

Fi1cs, 8,879 and 3,880.—Powers’ rheostats. The type shown in fig. 3,879 is designed for use on
110 volt circuits and will carry 25 a..aperes without overheating. The coils are so supported
that any of them may be repiaced when desired. Adjustment is effected by means ofa lever
switch. Fig. 3.880 shows Underwriters’ pattern rheostat of 25 amperes capacity. It is
designed for 110 volts and is not adjustable. .

holes are about 3 inch apart. At gr&sent there is no standard as to
the spacing of the holes, but as in other lines, the makers will sooner or
later adopt a standard.

Ques. How is film treated by the manufacturer before
shipment? '

Ans. It is treated with glycerine.

This keeps the film pliable, and delays drying out.

Ques. What precaution should be taken with film?
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Ans. Because of its inflammable character it must always
be kept in fire proof enclosures.

Ques. How is film repaired?

Ans. Usually by cutting out the defective part and splicing
the ends together.

F1G. 3,881.—Powers’ multi-tap transformer. It is without casing and is mounted on heavy legs
which support it several inches above the floor. The numerous leads are properly marked
as shown, to distinguish them.

Ques. How is a spliée made?

Ans. Cut one end on the line between pictures and cut the
other end with a quarter picture on; thus in cutting a film there
will be three quarters of a picture cut out, a picture and three
quarters, etc. Moisten the gelatine on the quarter picture and
scrape it clean, also scrape the celluloid side of the)other end
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10

Fics. 3,882 to 3,884.—Various film perforations. These are called: fig. 3,882, round; fig. 3,883,
square; fig. 3,884, barrel. The square and barrel holes seem to ‘more durable than the
round hole, The shape of the holes should correspond to the shape of the sprocket teeth.
A standard perforation is four pairs of holes per picture, each hole being approximately
Y% X34, spaced along the edges of the film 34 inck apart, making four holes at each edge for
a ¥ inch motion picture image. .

P1G. 3,885.—The are controller ot device designed to control the rate of feed of the carbons of an
arclamp, with the object of maintaining at all timesa predetermined size of arc. It consists
of the controller proper, direct coug}gd to a fractional horse power motor. ‘There are two
shafts, primary and secondary. e former, which is direct coupled to the motor,
carries governor parts, and rotates constantly at the motor speed. The secondary, to
which the telescope r« is_Feued.remains idle until the s; of the primary shaft exceeds
the point of adjustment. The adjust t for any preferable size of arcis made with a brass
adjusting nut upon a rod projecting from the cover of the controller. The inner end of the
rod is connected through a heavy wire spring to a anl. the. function of which is to “step
in"” and transmit the power to the primary, through differential gearing to the secondary
shaft, at the sh’ﬁzlwqt tendency of the arc to become wider than the predetermined sise
adjusted for. e installation of the arc controller does not interfere with any of the
lamp adjustments already provided. The operator m:ay trim as he pleases, and feed by
hand if he choose, by loosening a thumb screw at the feed handle gearmg Having loosened
the thumb screw and trimmed the lamp, the operator strikes the arc by hand and makes
the original and only feeding adjustment, by parting the carbons to the size of arc that he
wishes to maintain; he then tightens thumb screw, and sets adjusting nut at the controller
80 that feeds do not occur below that size; the controller will then feed the carbons to that
certain size of arc without further attention. To increase size of arc, tighten
nut; to decrease size, 1o0sen nut.
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élean.'- Spread cemert on the cleaned 'quarterpicture space
and ‘fit -it on the back of the other end, sticking the two ends
together' with the picture lines matching and the sprocket
holes matching. Cut either through a sprocket hole or midway
between sprocket holes straight across the film.
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—S%lwe. tglcture C has four holes at the side, just as have the pictures
. " and when through film gate and intermittent
the ltammg , because mechanically the ﬁlm is the same in

be prese:
dmmbuhon of pictures n.nd of sprocket holes as though no splice had been made. The
difference is found in the * mﬂunp ’ of the pictures when one or more pictures have been
omitted, but the “‘frame” be disturbed as the splice passes.

PG, 8.887 —Splice out of frame. icture C has but three holes at the side. Hence, when
the picture B is pulled out of the ﬁl:m window and C is pulled in, the intermittent sprooket

down four holes will pull into the film window the three-quarter picture C, and also

top quarter of the whole picture D At the next shift, the intermittent sprocket pull.s

down another four hol es p the film wind ow the remaining three-%uanets of
and the quaner ebc Thu continues until the operator noti e screen lncf
frames with his lever. This is call ed a splice ‘“‘out of frame” because the splice throws the

picture out of frame in passing.
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Motion Picture Cameras.—Apparatus for taking motion
pictures differs in many ways from ordinary cameras. Fig. 3,888
is a diagram showing the essential parts of a motion picture
camera.

There are three compartments: 1, a front compartment U containing

a rotating shutter N, pin mechanism OP, and other parts not shown;
2, a compartment V, containing the film mechanism and magazines,

LY T T A7 AT

I"1G. 3,888.—Diagram of motion picture camera showing the essential parts, Cameras are built
for various numbers of plct‘\)megftum of the crank; four, six, and eight are common.
An eight picture camera should be run at a speed of almost one hundred turns per minute.
To operate at this speed, get a watch ticking 300 ticks per minute and learn to count one,
two, three; one, two, three, etc., just as fast as the watch ticks, turning the crank one
revolution for every one, two, three counted; that is to say, one revolution per every
three ticks of the watch.

and 3, a compartment on the c:gposite, side containing mechanism com-
municating with the spools in the magazines, with the sprocket wheels,
and the points in the first compartment. .

The two magazines A, B, consisting of light boxes, fit into the back
portion, and carry reels, W, X, on which the film is wound.

In operation, the roll of unex?osed film L, which K)ass out of a
small agerture H’ at the corner of the top ine A, around %ude
rollers C, D, engages by its perforations with the sprocket wheel F, to
which it is kept {the roller E. The film forms a loop.at H* and passes
downward through the guide grooves made in the gate G:
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Continuing, it passes out the bottom of the gate, forming a second
I H3, and then passes ﬁ’fm a spring rolla't% and sprocket ],
under the guide roller K‘::d enters at H¢ the lower magazine B when 1t
is wound up on the bobbin X.

The sprocket wheels rotate continuously drawing the film from the
supply at L and taking it up at M.

.

Prcs. 3,889 to 3,891.—Schneider motion
g‘:gtm camera, Case of mahogany.
e film ing device is a recipro-
cating double pin movement. The film
bed 18 co with antiseptic velvet
ribbon, also the aluminum film pressure
door which is adjustable to any desired
-pressure. Two film retorts are fur-
nished having a capacity of 200 feet of
film. There is a_flush set take up
mdle and a film bobbin to wind the
on. By lifting the self-closing door
on the side focusing device, only one
picture will be spoiled. Thereis a film
counter dial which counts up to 360
feet, and can be. set at zero for any
reading.

The motion of the film in the gate G, however, is intermittent. Duri
the period of rest, a surplus loop of film forms at H?, which is then pull
down through the gate by the action of the pin O, engaging with the
perforations.

The whole mechanism is so arranged and geared together that,
while the film is being shifted, the light is excluded from the lens,
and admitted during the stationary periods.
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A long tube V extends through the center of the camera, #ﬁd is provided
with a detachable cap at S. This tube forms the sight hole for inspecting
the image on the film, prior to exposure. ‘ T

The gate G is a kind of hinged door with an aperture in it, and its
function is to keep the film flat and vertical during exposure and also to

act as a channel or guide. .
v-m“'—s'ON SIE - EMULSION SIDE OFFtLM
‘. * OFFLM uP "' ... _TOWARD THE LENS
‘e N e o F
R AT RETORT FILLED / CFm
. : . WITH NEGs FiLM > * PRESSURE
L ' : . ’ ‘DOOR
. ) A Q
\ : b . .- E\ VAN ;
& A . \‘.- 7 /\ [¢] ]
1 ) o I
: N R LENS'
i
: - » SHUTTER
™ L SET SCREw
PRO AGUUSTABLE
SPROCKET ’ SHUTTER
REA "
A TAKE UP RETORT S

P1c. 3,892.—How to use the Schneider camera. Open the doors on both sidesof the camerabg
opening locks, fill retort B in dark room with perforated, sensitive negative film A of reliab!

close cover and secure retort B, with nut, screw V into the camera box;

lead film A tfmyugh film gate K of retort B in a way that the emulsion sndeofﬁlmwi.llbeup

in passing over guide roller C.  Now lead the film under guide roller D so the emulsion side

of the film will lay against this roller D, then lead the over the sprocket R under the

two film pressure rollers E and be sure that the teeth engage the holes in the film and not

between the holes, also make sure that the film lays straight over the large sprocket R

make a few turns of the sprocket to obtain more slack of film, lift pressure door G with the

*  ring finger of right hand and place the film straight into the aperture track, leave enough

" slack for loog F and let the door go, but make sure that the door presses on the film. Now

leave enough slack for under loop H and the film between sprocket and pressure

rollers L through retort gate K on to bobbin M of retort N. Make another turn of sprocket R

and see that the film is guided p: ly between all members and that theloops arethereand

that bobbin M takes up the film. ce tae cover on retort N and fasten same into the rear

by, rear nuts V, close all camera doors and set the film counter to zero. The

camera has either a fixed or an adjustable focus lens (the latter preferred) either lens has a

dia; . The camera can be fucused for either the inside or outside.

After taking a subject, the operator presses a button, and in so

doing punches a hole in the film at a point just above the gate, thus
indicating the end of the subject and beginning of the next, 'subject.
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Fics. 3,893 to 3895.—
V' of Umvatul
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Ques. What requirement should be fulfilled by the
shutter? '

Ans. It should be adjustable to give a variable ratio between
the open time and closed time. ‘

FiGs, 3,896 and 3,897.—Exteriorand interior views of Angelusmotionpicturecamera. Theframe
is made of pressed steel with table bronze bearings, claw movement-ig of the finger type,
countérbalanced, and feeds film forward or backward equally well, “Take up is. of

ulley :ﬁ)e with s‘ll:'ring belt and adjustable tension; takes up in both directions, forward or
gackw . Punch or film marker 18 placed on one side so as to notch edge of film instead
of punching hole in center. o P

Ques. Can a motion picture machine be used as a
camera? ' o
Ans. Yes.
Pictures may be taken by constructing a.'lighf tight box for the

motion head of the machine.” Such an arrangement is, however, ra
bulky in comparison to a regular motion picture camera.
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CHAPTER LXXV
GAS ENGINE IGNITION

Most treatises on ignition begin with an explanation of
electrical principles and considerable space is thus taken up,
which, if confined to the main subject, would be of greater value
to the reader, assuming that he either has an elementary knowl-
edge of electricity, or that he will acquire this knowledge else-
where. -

The author especially recommends that the reader at least
acquaint himself with fundamental electrical principles before
taking up the study of ignition, so that he can, with greater ease,
become familiar with the working principles of the multiplicity
of ignition apparatus now in use. This preliminary knowledge
may be obtained by consulting the preceding Guides, however,
for convenience, a summary or condensed outline of elementary
electricity is here given.

Electricity.—The name electricity is applied to an inyisible agent
known only by the effects which it produces, and the various ways in
which it ifests itself.

Mamamdtoﬂowthmuahmdudas These offer, more or less resistance
totheﬁow e ont. material. Coppetwu’exsgemmllyuaedasitoﬁm registance
€ curren!

Tl\eeunmtmusthave to overcome the resistance of the conductor and ﬂow
.This pressure is called voliage eausedbywhat is known as diff mnuqftrcwcb@ween
souree and terminal.

An electric current has often been com: to water flowing thmugh The pressure
Mrwhnht%ewmtﬂmumuegamd w:ndthequant!tythatpawesinampa'cs.
The resistance with which the current meets in flowing along the conductor is;measured in
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W —rTrr T

Theﬂowolt!mcuﬂent proportional to the vol and y proportional to the
resistance. The la depeudsupontbsmatenallmgtt?:“ddmherottheeonductor
Sin cethocumntwi!lalwayﬁﬂowalongthepathot‘leastreswtanceitmmtbesoguuded
thatﬂ:erewillbeno encetopreventleakage wires are insulated, that is, covered
pgt:gthcmmtheottonor thread or other non-oonductmgmawnals. 1t the
noteﬂ'ect:ve.thecunentmayleek andsomtwntothesmueewn‘houtdmng:u
knownuaskowmu.
i ives the current from the source is called the lead and the one
bywhmhxtﬂowsback.therm
%mmundfgrb&tghadmgmtm,numnda%&m& whenthe
metal is used for, return, it is called a grounded circuit, term originating
mmphyenﬂ, usedfortimrewm.
Inmutxoudmgrams th:n.theexpreemn“togxound"mmtothcnddaﬂhcmu.

current may do work of various kinds, but the one property which makes it

available for xgmm:gthefactthatwhmmuamomnmstopp_edby interposing a
en::xyofmsﬂovgucoqverbed mtoheat.. th:s plished in two ways:
, by suddenly breaking a s 2, by pl air gap which the

case, the inm‘heateausedbytﬁeenormousmstaneeinter-
"mduceeasparkwhmh utihzedtolgm the charge. The first method is known as
and break or low tension and the second, the.iwoparkorhuhmmon.

An electric current is said to be: 1, dmd,whenxtnsofun s 2, awm
whestﬂowsrap:dlytoandfro or.;gosl te directions; m%/whenxteomel

from the source; 4, :wondary, when voltage and am; current have

been changed by an

Acurmtiupohnofaalowmm or high tension, according as the voltage is low or high,

A high tension currentis capabl;df of forcing its wax against considerable resistance, whereas,

a low tension current must have sts continuous metal path is an one,

but interruption in the metal, as, Ermanentwgapofasparkplug.mdxﬁcult%

use air is a very conductor. ch a poor conductor that it is usually, though

.spoken as a non-conductor; it is properly an insulator.
‘The low tension current is only, able to produce a spark when parts are in the
path, so arranged that they maybemcontact and then suddenly separated. low tension

t will, as the separation occurs ery small m particles these
abndgctoka?bthepathcomplete. Such abndgeumﬂedanwc,thehmtdwixux:hun;s

Magnetism.—The ancients applied the word ‘‘magnet,” magmnes
lapes, to certain hard black stones which possess the pr of
attracting small pieces of iron, and as discovered later, to have the
stlll more remarkable property of pointing north and south when hung

up by a string; at this time the magnet received the name lodestone.

e automobile word magneto is derived, as may easily be understood,
from the word magnet.

Magnets have two opposite kinds of magnetism or , which attract or repel
emhotﬁ?mmuchthememyuwmddWooppoatehndsofemﬁ; or

Onetgfthes&‘kmdsofmagnetmmhuatmdmcywmwwwardthenmmmm
e sou

&%:mmm::éz;%:’:aﬁheﬁéb:&&::;amh g ycpo:;xeofn;wlsz
pole and south pole. L.

Whe;gacurrentof ! Awl:Ztm “a&m‘,:ﬁceﬁmchmhmodumdhthe
. EE e T s
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Induction.—If a second coil of wire be wound around the coil of
an el , but not touching it, an ¢nduced current is produced
in this secon ooﬂby wha.t:slcnownasmdumon each time the current
in the inside coil begms or ceases flowing. The inside coil is called the
primary winding and the outside coil the secondary winding. Similarly,
the current passing through the inside coil is called the primary current
and that in the outside coil the secondary or induced current.

It has been found that by varying the ratio of the number of turn in the two coils, the
ratio of voltage of the two currents is changedappronmaulzfmportmmtely That is, if the
mwm beeomposedoftentumsandthe one hundred, the voltage of the

curmnt:smcreased aqpronmatelytentnnesthat of the primary. This principle is
b ,-3 the y with the jump spark method
1gnition.

Methods of Producing Electricity.—Currents ar etgroduoed by,
1, chemical, and 2, mechanical means. In the first method, two dis-
sumxla.r metals such as co and zinc called electrodes are immersed
in an exciting fluid or dielectric. When the electrodes are connected at
their terminals by a wire or conductor, a chemical action takes place,
producing a current which flows in the external circuit from the
to the zinc. This device is called a cell, and the combination of two or
more of them connected so as to form a unit, is known as a battery.
The word battery is frequently used mcorrectly for a single cell.
That tenmnal of the copper electrode from which the current flows is
called a plus or g:m and the zinc electrode terminal a megative
It should ully noted, however, that the copper electrode
1tself is negative and the zinc electrode, positive.

Cenamnmdwbewmyorumdavymrdmgutheymteacumtofmm-
selves or first require to be charged from an external source :wnngupacurrentsupplywhxch
is afterwards edmthemversedxmcnontothatoftbechasgmg

There twomethodsoiproducmganelectnccumntbymechamcdmeam.l.b a

2byamagndo A dynamo has an electromagnet which is known as a
aﬁud roduce a magnetic field and an armature wlnch when tvvolved the magnetic
evelopse ic current. A hasa toproduee the magnetic
Mdandanarmaturewhmhuusuaﬂymangedtorevolvebetweenthepolesofthemagnet

‘The basic principles upon which dynamosandmagnetos operate are the same.

Magnetos are divided into two classes, 1, low tension, and 2, high temsion according as

generate a current of low or high voltage Low tenmon magnetosmusedform&b

bteaktgmtmnandthehxghtewontypefortheg . There are numerous
8o called high ten: .e;mxetooonthe market eac consxstmg of a low tension magneto in
combination with a ry induction coil used to produce a high tension spark.

Ignition.—A thorough knowledge of ignition 'is of prime
importance to any operator of a gas engine, whether it be
stationary, marine, or automobile type. Many of the troubles
still encountered, notwithstanding numerous improvements,
have arisen from failure of the ignition system to perform its.
proper function. The engine may operate with, anoimperfect
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fuel mixture, if the ignition system be in working order, but any
defect in the latter will in nearly every case cause the engine to
misfire or stop.

Numerous devices have been tried to fire the e in ines.
In the early days, a flame behind a shutter was , the latter being
opened at the proper moment. Sometimes the flame was blown out
by a too violent explosion, so this method gave way to a porcelain tube

t was kept at white heat by an interior flame. Tube being subject
to breakage, spongy platinum, heated by compression, was next tried
and found to work, if not too moist from watery vapor in the gas mixture,
or if the engine speed were not too high. Electriaty is now universally -
used. Hence, in order to gain an understanding of ignition principles,

ks

Fcs. 8,808 to 3,902. —Various methods of ignition. Fig, 3,808, naked flame; fig. 8,899, hot
tube; fig, 3,900, hot ball; fig. 3,001, low teasion elgg;c or make and break; ﬁﬂ: 8,802, high
tension electric or jump spark.

it is necessary to have at least an elementary knowledge of elettricity,
as previously mentioned, and because of which, the preceding electrical
introduction will be found of value. :

Methods of Ignition.—The charge in the cylinder of a gas
engine may be ignited in several ways, as

1. By means of a naked flame:

2. By means of a highly heated metallic surface;

8. By an electric spark;

4. By the heat of very high compression.
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The .naked flame is practically obsolete, and the hot surface or hot
tubeisusedtoaveryfimitedextent. exogtm.thecaseofsometypes
of oil engine. Many builders of standard engine, however, are pre
pared to%::lrnish hot tube ignition.

Point of Ignition.—The ‘“‘timing” or selection of the point
of the stroke at which ignition shall take place is an important
factor in the application of any method. o

Obviously the amount of “advance,” that is to say, the pre-dead

center position of the crank selected for firing the charge, will
vary in different types of engine and in the same engine under different

EXPLOSION LINE

POINT OF IGNITION
COMPRESSION-CURVE

F1c. 3,003.—Indicator card for gas engine illustrating the “point of ignition®. It will be
noted that compression continued to the end of the s , before the compression curve
made an abrupt change into a nearly vertical line, the point of ignition, that is, the

piston tion at the instant of the spark, the nearly vertical “explosion’ line with

the hmr;‘eak coming to a point, denotes a strong mixture a.ncr a quick explosion.,

1 conditions; thus, noting that there is an appreciable time
interval between the k and the maximum pressure of combustion,
it is clear that the sparﬁ should be advanced more for an engine running
at high speed than for one running at low speed.

Ques. In general how much should the spark be ad-
vanced?

Ans. As much as possible, consistent with smooth running
and economy.
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Ques. Why?

Ans. In order that the temperature at release, that is to say,
when exhaust begins, should not be high enough to injure the
exhaust valves.

I more attention were paid to this, especially by éutomobijists, there
would not be the need for such frequent grinding of the exhaust valves.

P1G. 8,904.—Sectional view through valves of engine showing hot tube method of ignition.
This is & modification of the method described in the Aoco:;sanying text and is more
exact and satisfactory. In construction, a valve A, commonly called the tumnag valve,
is provided, and which is interposed bet e_admission valve chamber g:m-

inicating with the clearance space of the cylinder) and the interior of the hot tube C,
This valve is normally held closed by the spring D. When the piston reaches its inner
dead point at the end of the com; stroke, a cam E, on the secondary Mt,m
the valve and allows a portion of the compressed charge to pass into the hot tube
it ignites. The timing valve is held open throughout the power exhaust strokes,
thus permitting the products of combustion to be carried out of the tube with the exhaust.
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Hot Tube Ignition.—This method consists of a short tube
of metal or porcelain which is maintained at a dull red heat by
contact with a gas flame, and which is attached to the engine
cylinder in such a manner that a portion of the explosive charge
is forced into it, this, being ignited by contact with the hot
walls of the tube, ignites the whole charge.

MG, 8,905.—Meitz and Weiss two cycle oil engme with hot ball igniter. In operation, air
udnwnmtotheclosedcmkchamberA from the interior of the base B, the
ptrt C,in the lower part of the cyhnder ‘On the outward stroke of the piston, this air

18 comp d, and the of a port D, by the piston, allows the air, with the
steam erated in the ‘water jacket, to pass into the combustion space of the cylinder.

At the same time, the exhaust port E, having been overrun, and thus opened by the piston,

dxschanges the products of combustxon of the previous charge into the exhaust pipe. The
s te(iecm into the cyhnder by the pump F, and mizxes with the air and steam ptewomly

.dmx cham!

ber, so that on "the com: on stroke, the dmrge ts%m
nustically mwd by contact with the heated walls of hollow igniter

Bufl, marde of cast iron, is located in the projection attached to cyhnderhead,as Wn.
ueompxesedateveryrovohmonofthecranlgshgft,andcgmpremdbyﬂn
mtheoomuon of the cylinder and the interior of the igniter ball where
- 1t is ignited. Before .tarﬂng. the igniter ball is heated for a few minutes by a small oil
burner M. The oil jet from the injection noezle N, strikes the projection O, extending from
thejgniter balland is sprayed vaponzed and mixed with the airand steam in the ‘compression
space. The igniter ball is 1 d at a dull red heat by the heat of the explosives.
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In the ordinary a.rranﬁs‘zlnent, the time of ignition depends
e

the
products of combustion remain in the tube |

ﬁee of compression. Th

mix with the succeeding fresh charge, so that varying degrees of
compression cause ignition at different points of the piston stroke or
cycle of operation. Under these conditions, the moment of ignition
becomes later and later as the amount of compression decreases, until

- the compression becomes 8o weak as to produce failure to ignite.

Electrical Ignition Systems.—There is a multiplicity of
method for using electricity for ignition. A classification of
these various system, would divide them

1. With respect to the generation of the current, as
* a. Primary battery;

b. Storage battery;
c. 0;
d. eto.

2. With respect to the spark, as

a. Low tension;v
b. High tension.

3. With respect to the nature of the sparking device, as

a. Make and break;
b. Jump spark.

4. With respect to the induction coil, as

a. Primary coil;

+ ulti-coil;
b. Seoondary coil { gilnglé ccg:l (synchronous ignition).

6. With respect to the primary circuit control, as

a. Contact maker;

b. Contact breaker;

¢. Mechanical vibrator; .

d. Magnetic vibrator { Individual vibrator;
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6. With respect to the magneto, as
a. Low tension

b. Soca]ledhlghtensxon'
c. Truelnghtensxon

7. With respect to extra or duplicate apparatus, as '

b Duplex,
¢. Double.

8. With respect to circuit arrangement, as

a. One wire unded) ;
b. Two wire (metallic). o

9. With respect to special spark plug construction, as
a. Magnetic spark plug;

b. Coil spark plug;
¢. Multi-point spark plug.

Current for Ignition.—The electric current used for igniting

the charge may be produced either by chemical, or mechanical’

means, or it may be generated mechanically and stored chemic-
ally. The apparatus required for these various methods consist
of primary and secondary cells, dynamos and magnetos.

Primary Cells.—Two types of cell are in general use for
ignition, namely, liquid cells and the so called dry cells.
Liquid cells are used extensively for stationary engines and

for some classes of marine work.

In urchasmg a set of wet cell, the following points should be noted:

1. They should be substantial and constructed so that the chemicals
mll not creep over the edge of the jar or evaporate; 2, They should
be slop proot and all renewals required should be easily "obtainable.

. When s allows and first cost is not of great importance, wet cells
give excellent service. The advantage of these cells-is that they give

L§



2,742 HAWKINS ELECTRICITY

FiGs. 3,908 to 3,909.— Hydraulic analogy of ity. Pigs. 3,008
and 3,907 show two tanks of water of m::t sizes (capaci-
ties). 'The head of water is the same in each and consequently

URGE SMALL CAPACITY the pressure in the stop cock is the same in each, irrespective
of the fact that they are of different capacities. "The two dry
wotiaks cells shown have the same voltage even though they are of
n different size. The difference in size, however, means that
they contain different amounts of electricity. Tﬁe voltage of

a dry cell does not depend on its size. It is about 1.5 volts

P1Gs. 3,910 to 3,913.— Hydraulic cnaloxy of pressure. Fig. 3,910
shows three tanks connected in series. The total head and
therefore, the pressure on the stop cock is three times that -
of a single tank. When three cells are connected in series, as
in fig. 3,911, the terminal voltage is increased three times, in a
like manner. FPig. 3,912 shows three tanks connected in
payallel. Here the pressure is the same as if there were only

one tank. en three cells are connected in parallel, as in
ﬁg. 3,913, the vollage remains the same as that of a single cell.

- Pics. 3,914 to 3,917.— Hydraulic anal-
ogy of resistance. . 3,014 and
3,015 show two tanks, having equal
deggs of water, and tl<:cumequent.ly

eq
cocks. Thelefttankhasasmall
cock (high rcsntam and the other
has a resistance).
Itis obvxous that the flow from the
first will be lessthantheﬂowimm
the second. Inan analogous
ner it may be seen that thetwo dry
cell circuits have equal voltages
applied and that the circuit of high resistance, éﬁg 3,916),
permits less current to flow than does the circuit of low resist-
ance, fig. 3,917. It. is apparent that both th ese conditions
show the current to depend on the voltage and .
in accordance with Ohm's law.

- wa. 3 918 to 3,921.— Hydraulic analogy of cumnt. F:g:. 3.918
3,919 show two tanks with di cocks of
swe (equal resistances). Obvtouslér the hlgher pressure in ta.nk
fig. 3,918 will cause a greater flow through its cock than
will the low ure in tank, fig. 3 919. The analogous
electrical condition is shown in ﬁgs 920 nnd 3,921,
Assuming the inlernal resistance of each eeil to be zero and
each circuit to have an equal ext.emal resistance, the current
. 3,920 will be two times stronger than in fig. 3,921.
!t should be noted that in an actual circuit the uuml T
s\smnoe of the cells must be considered. Thus,
T30 lwxll th ’acmsstheertxgtermmalsoftheeeﬂsol?ﬁg%jm
an 5 ve essmereadmgbeam e internal resistance a battery
of cells in series ugream in proportion to the number of cell
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constant current,  moreover the liquid or electrolyte may:be renewed
]s; tht‘:l. it is not necessary to buy a new battery when it becomes ex-
usted. . . . .

“Dry’’ Cells.—The so called dry cell consists uéually of a
carbon and zinc element immersed in moistened salts.

HIGH PRESSURE,

HIGH POWER LOW POWER

A

HIGH PRESSURE Lo
PRESSURE

Fycs. 3,922 to 3,925.— Hydraulic analogy of power. Figs. 3,922 and 3,023 show two tanks

with equal flows at different pressures.  In both, the same number of pound of water is

per second, but in the high pressure tank this amount is lifted higher than in

the low pressure tank, and consequently the first jet has more power, because it raises

the same amount of water higher in the same time. Power, rdingly, increases with

mssuze. as well as with flow, The electrical case is analogous. In fig. 3,924, the circuit

has 3 vyolts ;pphed to two 134 ohm lamps, thus, according to Ohm's law, one ampere

is flowing. Fig. 8,925 shows a circuit having l}{volts applied to one 14 ohm lamp so

that here also one ampere is flowing. The candle power, however, of the two lamps
in fig. 3,924 is two times that of the lamp in fig. 3,925.

N Fotl' full description of dry cell and points relating to same, see Guide

o. 1. )

_ Since the gasoline engine has come into prominence and the demand

for an efficient, reliable and inexpensive source of current su;g»ly has

been created, the dry cell has been brought to a high state of efficiency.
An ammeter test should be made of each dry cell before purchasing.

‘The ignition size cell should test at least 25 amperes; to avoid waste of
current, make the ammeter test as quickly as possible.
Points Relating to Primary Cells.—In order to obtain
satisfactory results in battery systems of ignition, the following
suggestions should be carefully noted and followed: :
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Fics. 3,926 to 3,920.—Hydraulic analogy of equal capacities
at different pressures. Theoretically, two ba COome
posed of the same number of cell differently arranged,
contain equal amounts of electrical energy, but at different
voltages; just as two tanks may contain equal amounts of
water at different pressures, as i1s shown in figs. 3,926 and
3,927. This is assuming that the cells could be used till dead.
In actual conditions, however, the pattery can only be run
down to a definite voltage, at which the a; tus ceases
to te. Applying this to the two tanks in 2,026 and
3,927, supposes they could be used until the level fell to one
foot from the bottom, then, there would be more useless water

. . _remaining in the left hand ¢ than in the other. In the

same way, if the batteries be discharged to the same end point, more unavailable energy

will remain in the left-hand than in the right-hand battery.

Fics, 3,930 to 3,933.— Hydraulic analogy of useful service.
Service is usually expressed as the length of time a cell or
battery will continue to operate a given apparatus, that is
until the voltage falls to a definite value. It is evident that
with a lower cut off voltage more current can be obtained, just
as lowering the limit of the water level in a tank allows more
water to be withdrawn. It is also evident that the lighter the
flow from a given tank, the longer will be the service. This is
true to an even greater extent in the case of dry cells on

the greater becomes the useful life. The length of service is Yy
increased, then, for two reasons;_first, because energy is with- -

drawn_more slowly, and second, because the capacity_ is increased. Thus, if the current
drain be cut in half, the length of the service will be considerably increased.

PiGs, 3,934 to 3,937.— Hydraulic analogy of parallel connection.
Pigs. 3,934 and -3,936 show conditions of a single tank, and
three tanks §n pargllel, furnishing equal flows. It is apparent
that in the case of the parallel tanks, each mfumishin}g onl;
one-third the total flow, while the le tank has to umu{

NN W W W it all. The parallel connection for dry cells has the same

SNGLE UNIT BATTERY effect of dividing the current, giving triple the length of service,

Fics. 3,938 to 3,941.— Hydraulic analogy of recaperation. The
power of recuperation and some other phenomena may be
illustrated by an analogy in the form of such a tank asis

shown in fig. 3,938, containing an internal diaphragm pierced

. by a small hole, W'hen the tank is in the condition of ﬁg?.l.938,

TANKS 114 PARALLEL LONG- SCRVIC: with no water flowing, the pressure on the stop cock is due to
¥ TOTAL CURRENT the head of water all the way to the level. This corres-
O_S_A_® ponds to the open circuit voltage of a cell. When, however, the
SOTAL CusRET stop cock is opened, as in fig. 3,939 and water flows out of the
W . lower compartment faster than it can-flow in from the upper,
&_A O the pressure immediately Just as the voltage of a cell
BATTERY LONG SERVICS drops under a heavy current ‘The greater the flow the

total water in the tank that can be used before the
%mf(zhs:ful) compartment becomes exhausted. With a lighter
flow more opportunity would be afforded to use water from the
upper tank, ﬁs increasing the effective capacity. If now the
flow be stopped, the tank will “recuperate’ to the condxﬁan_of
fig. 3,940, so that it can once more be used, but the “initial
pressure’ will be less than formerly and the recuperation after -
a second discharge will not be as rapid as before. Finally, when

t is emptied the recuperative power fails
:Ih%;g e; ?n!gpgl{:mt::klgecoges “dead.” pfn the case of very .
{ight flow from the lower chamber, as in fig. 3,941, the recupe-

ration may be able to keep up with the discharge in which case
the initial and working pressures remain approximately equal,

o ol
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Pros,, 3046 and 3,947

1. In connecting up cells the terminals and connecting wires should
be scrupulously clean and bright, using sand paper or a scraper if nec-
essary. All terminal nuts should be screwed down tightly so as to make
a firm connection and reduce the resistance of the joint to a minimum,

2. Batteries consisting of two or more series connected units should
not be used with series parallel connection except in case of emergency
because the units are never of exactly the same voltage, hence the
storage set tends to discharge through the weaker.

3. Never use more cells than necessary, because an excess of current ‘
will low, thus reducing the life of the battery.

4. In general four dry cells are sufficient for automobile ignition,
and six for marine ignition.

P1Gs. 3,942 to 3,045.— Hydraulic analgy of
internal resistance. . 3,042 and -
3,043 show two tanks (cells) both having
discharge pipes (external circuits) of prac-

LARGE GRIFICE tically nfo r:sistance. The mbemf:!d regm—
SUALL : ; . ances of the tanks are represen y. &
IGH INTERNAL RESISTANCE YOW INTERNAL RESISTANCGE laﬁs and small orifice through which the
ta must discharge. It is evident that
the flow in one case will be high, and in
the other case low, corresponding to initial
currents of cells of low and high internal
resistances. It is certain that on ordinary
work either of these tanks would give
equally good service if the flow required
be less than the initial flow of the high
resistance tank. This is true of dry cells

The required drain in any kind of work is

less than the lowest initial current; hence,

a low current cell may give just as go

or better service results than a very

current cell

specifications for copper

oxide, zigc and sodaTh

pnimary_battery. e

e:l: is aelg-oxhtgg mgi does

ne uire the ship

or h::exghng of any oifmg
protecting layer of oil
automatically forms on
e surface of the solution
within a comparatively
time after the
element is immersed. A
sand blasted s; on jar
is ed for record.

Al h primarily de- ’ :
qu or signal work the
is also satisfactory

for gas engine igniton.
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5. Weak dry cells can be strengthened by removing the paper jacket
and punching the metal caps full of small hole, then placing in a weak
solution of sal-ammoniac, allowing the cells. to absorb all they will take
up. Do this only in emergency; if the holes be closed by soldering, the
cells will last longer.

6. Extra service may be obtained by two run down series connected
units by connecting them in series parallel.

7. Extra service may be obtained by closer adjustment of the vibra-
tor coil or reducing the distance between the spark plug points.

— - —— —

P1G. 3,948.—Sectional view showing construction of Edison cell. The solution should be
maintained 23 inches above plates. If solution level be low in any cell, hold battery out
of service until renewal solution can be obtained. Normal charge. After battery
has been practically discharged, the normal charge is for seven hours at normal rate.
Charging resistance should be adjusted from time to time to keep current normal.
this be impracticable, set resistance so that current is about 50 per cent. above no:
at the start. It should taper off by rise in battery voltage so that the average current
will be at normal rate. If battery be only half discharged, recharge for half of seven hours
at normal rate; if only one quarter discharged, charge for a quarter of seven hours, etc.
Low rate charge. To secure best results on five hour or eight hour d » charge
at not less than the normal rate. If, however, the cells be discharged at a very low
rate, a charging rate lower than normal can be used with satisfactory results. Ampere
hour meter. -An ampere hour meter, if used, should be set to rechmge 25 per cent.
in excess of discharge. Discharge rate. The size of cell used should be such that
the continuous discharge does not exceed 25 per cent. above normal rate. Water. Re-
plenish cells with distilled water as frequently as is necessary to keep solution level above
tops of plate.  When adding water do so_before charging. . Changing solution. After
about every nine or ten months of continuous daily service, test solution jwith hydro-
meter after a full charge. If it read below about 1.160, ‘the solution should be changed,
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Secondary Cells.—A second chemical means of producing
electricity for ignition is the storage battery which consists of
two or more secondary cells contained in a carrying case or box
usually of wood or hard rubber. A secondary cell is made up of
a positive and a negative set of plate (usually of lead) immersed
in an electrolyte of dilute sulphuric acid. The plates are spaced
apart by insulating separators. The proportion of acid to water
is about one part acid to three and one-half parts water.
In preparing the electrolyte, acid should always be added to
the water—mnot water to acid.

In passing an electric current through a the plates undergo a
chemical change; when this is complete thee:elh is smd to be charged.
A quantity of electricity has been stored in the cell, hence the name,
storage baltery. The cell after being charged will deliver a current in
a reverse direction because during the discharge a reverse chemical action
takes place which causes the plates to resume their original condition.
When fully charged the posxtwe plates are coated with peroxide of lead
and are brown in color and the negative plates gray.

&Egr a very extended treatment of the subject of storage batteries see

e No. .

Points Relating to Secondary Batteries.—Many storage
batteries are ruined after short service by neglect or ignorance
in caring for them; accordingly, the following items should be
carefully noted.

1. The water in the electrolyte evaporates but the acid never does.

2. Keep plates well covered with electrolyte.

8. To replace loss by evaporation add only distilled water, or clean
rain water which has been collected in ¢ non-metallic vessel. The water
must positively be chemically pure or the battery will be ruined within
R s;11o}.I";htJle;ei:tery ted i hours. Thus a fifty

e ba capacity is rated in ampere rS. us a ampere
hmg battery means that with full charge it will give an ampere for
ours.

5. Never test a storage batlery with an ammeter. The internal resistance
of battery being very low, a very large current flows on short circuit,
hence, an ordinary pocket ammeter would probably be injured—use a
volt meter and take readings while the battery is dehvenng current, not
when the circuit is open.

6. The capacity of a battery is independent of-its, voltage:
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7. Don't takeit for gmnted that the wiring on automobile lighting and
starting systems is of large enough size to carry current of a short
circuited storage battery without excessive heating—such short circuit
in the vicinity of a leaking carburetter is not to be recommended
(though only so called “gasoline” be used), especially in the case of
makeshift rigs installed by amateurs.
8. Exceptlorstationary service, keep battery securely fastened in place.
g. Keep battery and interior of battery: compartment wiped clean
an .
lot.i%o not permit an open flame near the battery
11. Keep terminals and connections coated with vaseline or grease.
12. Test specific gravity of each cell regularly with a hydrometer.
13. When all cells are in good order the gravity will test about the same

(within 25 degrees) in all.
oviw _ QUTN0E,
. CIRCUIT CIRCUIT
Fics. 3,949 and 3,950.—Circuit diagrams to illustrate the difference between a dynamo and a

magneto. The former has its field magnets FF magnetized by means of a small current

ving around a shunt circuit. In a gnagneto the field magnets are permanently mag-
nef . The strength of the magnetic field of a magneto is constant while that of a
dynamo varies with the output, hence, a magneto may be run at a widely varying <
and meet ignition requirements, but a dynama must have its speed maintained approxi-
mately constant to keep the voltage within limits.

14. A dead battery tests 1,150; when fully charged 1,275 to 1,300.
15. A battery which is to stand idle should be fully charﬁ;d.
eél?. A battery should not remain idle for more than six months without

recharging.

17. Disconnect the leads from an idle battery to avoid any slight leak
in the external circuit.

18. Many batteries are ruined by entrusting their care to sncompetent
garage men.
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Mechanical Generators.—The two methods of producing a
current by mechanical means are by the use of dynamos or

magnetos.

Ques. How does a dynamo differ from a magneto?

Ans. Chiefly in that the dynamo has field magnets of soft
iron or mild steel, wound with wire through which circulates
the whole, or a portion of the current generated by the machine;

P1G. 8,051.—Sectional diagram of the Apple igniting dynamo. The parts shown are: A, cast
iron body containing the moving parts; lgr,ni:he hinged lid of the body; C, the one pole
glece of one of the field magnets; F, brass bearing of the armature spmdie; G and H,

bre tubes surrounding the spmdie; k, brass spider supporting the spindle; L, commu-
tator; M, wick feed oil cup; N, beveled nut supporting the commutator; 0 P, Q, sup-
ports of the commutator; f{. the driving disc; S, lever friction pinion. This machine
can generate a direct current at 8 volts at a speed of between 1,000 and 1,200 revolutions
per minute. It is provided with a simple centrifugal governor that automatically inter-
rupts the driving connections when a certain epeg has been exceeded.

whereas, a magneto has field magnets constructed of steel and
permanently magnetized, no part of the current adding to the
magnetism.

The circuit diag‘ams, figs. 3,949 and 3,950, illustrate this difference.
In the dynamo the field magnets FF are magnetized by means of a
small current flowing around a shunt circuit; that is, a certain amount
of current is taken from the system and used to magnetize the field.
The remainder of the current generated is used in the outside circuit.
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"~ Dynamos.—The field magnets- of a dynamo increase in
strength as the current which passes around them increases.

Moreover, as the magnetic strength increases, the voltage of
the generated current also becomes stronger. . Hence, it is evi-
dent that a dynamo is not self-regulating, and if run at too high
speed is liable to be overheated or even burned out in its effort
to furnish a current beyond its capabilities, on account of this
faculty of automatically strengthening its own fields.

P16, 3,952.—Motsinger “Auto Sparker” friction drive dynamo The small friction pulley
X‘ es sufficient speed to ignite the charge when engine is turned slowly as in c:
ter the engine is under motion, the governor on the shaft of the dynamo, imits
its speed so as not to obtain an excessive voltage. This is accomplished by mounting the
m on lt:a b:se s& thtgt it can osﬁdlat; g at; axis, thetsmalio 1 fgctlon ;':l;:?lspeed and
contact wi e engine fly w] 'n operation, when no: 18 ex-
ceeded, the governor weights fly out and draw the friction wheel away from
the fly wheel one spring serving the double purpose of pushmg the fnct:on pulley aga.mst
the fly wheel and acting as a tension on the governor.
tension on the governor spring by means ot' .a thumb nut provxd for t.he purpose, tbe
speed of the dynamo may be hed, which in turn increases or dimin-
ishes the volume of current and size of spark By scre up on this thumb nut the
position of the dynamo is not changed, but the contact of the pulley and tension of the
vernor ;ﬁe mgw{nﬁsed. Thus, by adjusting the thumb nut, the size of the spark may
at N

Ques. Describe the friction drive for a dynamo.

Ans. In thisform of drive, motion is transmitted through a very
small wheel in frictional contact with the fly-wheel of the engine.
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This frictional wheel is small enough to run the dynamo at full speed
when the engine is turned slowly, as in cranking. As the engme speed
mm'ee.sesa the governor acts, an d maintains the spwd of the dynamo

Ques. How is a dynamo generally used?
Ans. In connection with a storage battery, the current for
ignition being supplied by the battery, which, in turn, is con-

RBEQRY e iomes

IGNITION

MG, 3,953.—Wi: ition, 1i and as installed on
om..i"w‘#o““"“m Urhe 6 wolt Synasns 1oa fans pale Shant wouad. thachins. daven
at 114 crank sgeed. A discriminating cut out controls its connection with the baf
in charging. The d:stnbum which is a part of the dynamo distributes the
tenno:‘cumtto cy ers in proper sequence. The in tertupmeontactpomum

stantly charged by the dynamo to replace the energy drawn
from the battery.

A discriminating cut out or reverse current circuit breaker (erro-
neously called relay) disconnects the dynamo from the battery when
the voltage of the former becomes equal to, or less than that of thelatter
and this prevents the battery d:schargmg through the dynamos
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‘Magnetos.—There are many types of magneto in use for
ignition. They may be classified,
1. With respect to the armature, as

a. Stationary;
b. Oscillating;
¢. Rotating.

2. With respect to the kind of current generated, as

a. Low tension; ' .
5. §o'called high tension { Tk spermiecaily
¢ True'high tension L

ARMATUR: WlND N5

F1e. 3,954. -—-Remy ball bearing shaft showing mducbors and stationary armature of inductor
magneto. This type of magneto consists of a wmdmg whlch is held stattonary between
the tgeole pieces, on either side of which revolves a d steel

nding is held rigidly stationary, such construction eliminates all revolvmg or

m wires, all sliding or wiping contacts, collector rings, etc. This design permits of

electrical, as well as mechanical, construction. In_operation, at each half

turn of the inductor shaft, the direction of Aow of the lines of force throuf winding

is reversed, producing in the winding two electrical impulses for each complete tevoluton

The statao:ary winding is directly connected through the magneto circuit breaker with the

primary of the secondary coil used with the magneto. The timing of the spark is ac-

complished by shifting the circuit breaker around the inductor shaft, to which is
attached the circuit breaker cam. The timing range is 35 degrew

[=X:

Inductor Magnetos.—In this class of magneto, the arma-
ture is fixed so that it does not revolve and is located with the
sector shaped heads of the core at right angles to the line join-
ing the field poles. This position of the core furnishes the least
magnetically conducting path. An annular space between the
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msm'&oa.Om—Doubhwmtionoom of a two spark high tension magne
and a a battery tion sytxegmm .E dniggn dutn‘bum &%

time of spark; 8.957. pontxon of' armatuse at time ol spark,
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er when engine is ituc wi . 1S ive battery current and will
mju.re the platinum points; 12, ma.gnetos are considered running clockwise looking at
the driving end. How to eﬂlclentlx operate a Heinze magneto. In the figure the
‘d:stributereovetc.sndbrush ownsexmmnwtsoaswdmmgumh
parts behind them, Be sure m:lsfneto is securely fastened and driving shaft is in
pufect ent. Be sure connections are soldered or otherwise tively con-
interior of breaker box clean. Keepll) hor bronze st Scleanand
lubncate occasionally with a few d:ops of very thin o eep inside surface of brush arm
, clean, as studs S make contact o: tgxstmum pomts P, clean and surfaces of
flat. Use only emery cloth or ﬁne ﬁle for Platinum points should be
adj to .02 of an inch separation when open. G ﬁ:rnmhedonsmnllwmchmth,
magneto is proper thickness for this purpose. Ad;ust by turning platinum point screw’
P1 1 or out as necessary. Lubricate bearing in make and break levu' L, mthoge

gb

of very thin oil ev two weeks when magneto is in continuous use.

lever toll R, shouls e flat from wear, loosen nut N, and turn roll cl htly to preoent
a new surface to , and then tighten agam Be sure leads are °¥

terminals TT. Leadn must be long eno h to allow free movement breaker box.
Remove distributor cover C occasionally out interior of same, alse clean off any
carbon dust or dirt irom distributor brush B., agneto bearmgs should be lubricated by
oiling at 000 e week when > is in us Two_or three drops are

enough at a time. ere is one oiler at rear end whxch does not show in cut.
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armature and the field poles is provided for the rotation of an
snductor. This consists of two diametrically opposite cylindrical
segments of soft iron supported and carried by a shaft located
at the center of the circle described by the segments.

The magnetic condition of the armature core depends entirely
upon the position of the inductor. The latter is arranged, 1, to
revolve continuously with a gear drive from the engine, or 2, to
rotate to and fro through a small arc by link connection to the
half time shaft. :

Low Tension Magnetos.—Generators of this class may be
used to supply a current of low voltage for, 1, make and break
ignition or for, 2, high tension ignition with induction coils or
coil spark plugs. A low tension magneto has an armature wind-
ing consisting of about 150 to 200 turns of fairly thick wire,
covered with a double layer of insulating material.

One end of the winding is grounded to the armature core and the
other, brought to a single insulated terminal. When this terminal is
connected to any metal part of the eto or engine (since the latter
is ‘u metallic contact with the base of the ma; :;E the circuit is com-
plete. The wiring therefore is very simple, which is one of the advan-

es of the system.

he “live end” of the armature win is brought out by means of
a metallic rod passing lengthways through the shaft of the armature;
a hard rubber bushing is provided as insulation between the shaft and
the rod. The live end of the winding is located at one end of the arma-
ture shaft, from which the current flows to an insulated terminal by
means of a metal contact which is pressed against the revolving rod

by a spring.

High Tension Magnetos.—These are erromeously divided
into three classes, viz: 1, those in which the induction secondary
wiring is wound directly on the armature; 2, those having a
secondary induction coil contained within the magneto, and 3,
those having the coil in a separate box usually placed on the
dash. :
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P1c. 3,959.—Circuit diagram of a magneto with self eonta.med coil. A isthe armature winding;
P, primary of ttansformer S, secondary of transformer; D, d:stnbutmg brush carrier;

E oontact segments; rk gap; G, terminals to lugs; interrupter; Z,
plugs n operalion, temating. Lurrent fiows from the & iure Ving. two
pomts of maximum pressure in each ture 'revolutlon. . As the current leaves the

armature, it is off two paths: 1, theshortertaroughthemm-mmetothe_ground
and 2, the longer t! h the primary P of the induction coil to the ground. A third pa
t.hrough the condenser K is only apparently available; it is obstructed b ]}r the refusal of
the condenser to permit the passage of the current, as the condenser will merel y absorb
a certain amount of current at the proper moment. that is at the instant of the opening
of the interrupter. The interrupter being closed the Kmrt of the time, allows the
primary current to avail itself of the sbort path lt t the instant at which the
atest current intensity exists in the armature, the mten'upter is opened mechanically

?that the current has no choice but must take the path ugh the primary
P of the induction coil. Acertamamountotcurmntuatth:smst&n also absorbed
condenserK. Th:.swddenrushofcurrentmmthagnmary emdnctzonco
lnduwss h tension current in the secondary winding S of theeoilwhxch sufficient
idge the air gap of the spark &ug The sharper the rush of current into
wmdmgP the more intensi ofcumntforajump

y will
spar! bem duced in the secondary winding S, The distribution of the current m proper
sequence to the various e e cylinders is accomplished as follows: the

current induced in the secon S of the induction coil is delivered to a d:stributmg bmsh
carrier D that rotates in the magneto at half the speed of the crank shaft of the engine,
This brush camer shdes over insulated metal segments E—there being one for each
cylinder. Each of these segments E connects with one of the terminal sockets that are
connected by cable with the sgatk plugs as shown. At the instant of interruption of
the primary current, the distributing brush is in contact with one of the metal segments E
and 80 completes a circuit to that spark plug connected with this segment. Should
-E:ci.ut lée:wb::n thet?om-una.ltG and I]t:g?"k pl bett]r;)]m: ortthe x:ustanoe of the
spark p! greaf permit a spar] jump, then curren t rise to an in-
tensity “%clent to destroy the induction coil. J Tg prevent this what l‘:fnown asa afety
%kgapumtmdueedwﬂ’ll‘hmwﬂlh:.l} thmntwn;eonly%ou:tm dn-

h discharges take p) throt gap. _In cons n ospark

over this gap are visible through a small glass window conveniently located.
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The ﬁrst mentioned type constitutes the only real high tension
magnetos. , ’

Ques. How does a magneto deliver current to the
cylinders in proper sequence?
Ans. By means of a self-contained d1str1buter

Ques. Describe briefly a so called high tension mag-
neto with self-contained coil.

F1G. 3,960.—Sumter low tension oscillating magneto. In this type the armature does not re-
volve contmuou.sly but oscillates back and forth through an angle of about 90°.

Ans. The essential features are a low tension armature
arranged to revolve in a permanent magnet field and provided
with interrupter, secondary coil, condenser, and distributer.
The construction and operation of this type magneto is elearly
shown in fig. 3,959.

Synchronous Drive for Magnetos.—Ignition magnetos are
generally constructed to deliver an alternating current, that is,
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a current consisting of a succession of regularly alternating
electrical impulses, varying in intensity from a plus maximum
to a negative maximum, and separated by points of zero pres-
sure depending upon the armature position with respect to the
field. '

Hence} it is necessary that the generator, unless geared to run at high

should be driven synchronously, that is, at a speed in a definite

rate to that of the engine, in order that the periods when a spark is

desired shall coincide with the periods when sufficient voltage is being

developed, as otherwise the sparking periods might occur with a zero
point of electrical generation, and no spark would be produced.

RIGHT,

Pics. 3,961 and 3,962.—Sumter low tension magneto installed on stationary engine, and marking
on the ends of shaft and bearing for timing. To time, turn engine over in running direction
until igniter snaps; be careful not to turn past this point. With gear on magneto shaft,
turn :ﬁ:l magneto in running direction until timing mark N on_the shaft is in line with
mark L, if rotation be left hand, or R, if rotation be right hand. Now mesh the gears,
ithout ing the liming; this 18 accomplished by a proper location of the keyway in
the magneto gear in relation to a marked tooth on same. The teeth on the engine driving
gear meshing with marked tooth on magneto gear should also be marked, and after this
marking is once determined all keyways may be cut in proper relation to the marked tooth,
thus making all magnetos on the same type of engine interchangeable. These magnetos
are usually driven at engine speed, but may be driven at other speeds.

To meet these conditions, the drive must be positive and may
consist of either toothed wheel gears or chain and ?;ocket; the former is
more desirable, since, with a and sprocket drive; there is sufficient
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PiGs. 3,963 to 3,965.—Timing Sumter low tension magnetos. “Imp” is timed as in
figs. 3,963 md3.964.theen§ofsbaftandpea:ingsbeingmmu&ﬁg. 3,965. All
other Sumter magnetos are timed as shown in figs. 3,963 or 3,964. Some machines have
the notched disc as per fig. 3,993; others, j:ht:‘foxpted disc, fig. 3,964. In either case, the
timing is exactly the same, ‘With the poin disc, use the point to time with instead of -
the notch. Speed: On single cylinder 2 and 4 cycle engines, magneius may be run at
engine speed, or 13{, 134, 13{, or twice engjne speed. In the majority of cases, engine
speed is most desirable, although other speeds result in reversing the current through
igniter poimnts, preventing pitting, which is advantageous. On two anu four cylinder,
4 cycle engines, run magneto at engine speed. Three cylinders, at 1}4 times engine speed.
For fixed ignition, turn the engine in the direction in which it runs until the igniter snaps.
Do not turn past this point. Observe the setting disc on the magneto shaft, and so mesh
the magneto driving gear with gear on engine that either small notch N (see cut) is exactl
in line with the mark R on the end plate if rotation be right hand, or L, if rotation beleft

d, looking at magneto from gear end. Where timing discs have points like fig. 3,964
set either point in line with the proper mark. For variable ignition, where the range is
not excessive, place the spark lever in the starting position, and then time the magneto
as described above. Some engine builders prefer to reverse this order, giving the best
spark for the advance or running position, although for starting on magneto it is preferable
in most cases to use the best spark for starting. These are matters which have to be
tested out by the manufacturer, and the engine dealer and user should be particular not
to change the speed or method of timing on the engine as originally furnished. When
magneto is properly timed, it is necessary to secure the magneto gear against sh[{&;neg.
The gear should be marked and keyway cut to register with keyway in armature .
As the keyway is the same in all armature shafts, the gears may also be keyed and marked
alike, and by simply meshing the marked tooth on magneto gear with marked tooth on
driving gear, the correct timing will be obtained without the necessity of setting each
magneto. The driving gear should be so meshed that there is a very small amount of
play. Otherwise, destructive wear of magneto bearings will take place. The amount of

play is sometimes provided for by the engine manufacturer, by ad. g collars in the
magneto bracket, or is easily accomplished by sh ing either the to itself or the
bracket. In old i when checking timing, it is best to note that the magneto marks

line up when the piston is in the proper firing position, as it is possible that the igniter
may hnveagotten out of time with the piston through wear. If so, the igniter should be
properly adjusted, so that it will snap in time with the magneto. Sometimes the m:.gneto
15 sus of being out of time, when as a matter of fact it is the igniter. Igniters should
be so adjusted that the points'remain closed as much as possible, and open onl{ to make a
spark. is not only keeps the points from getting dirty, but also gives the magneto
time to “build up” and produce its maximum current.

NOTE.—Sumter reversing attachment. Many marine eniines are reversed ‘‘on the
spark,” and to accomplish this, a special attachment is ne y. This ists of a collar on

to shaft carrying the gear and having a pin engaging a cutaway shoulder on the collar.
This arrangement allows sufficient lost motion between the gear and collar so that; when the
engine is reversed, the magneto is brought in time with the snapping of the igniter.
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" lost motion when the chain is loose enough for smooth running
to prevent the accurate timing of the
) e friction gear drive or belt and pulley are ahke ol %Vhﬂonable,
* from the fact that no slipping or variation is permissible. e some
i recent forms of high tension magneto are advertised to operate asyn-
chronously, that is, not speeded in definite ratio to the engine, the
common types are s> made that the spark shall occur in the cyhnder
at precisely the moment the magneto armature is at a certain point in
its rotation. If, therefore, this condition be not strictly observed, the
" spark will be of defective intensity.

F1G. 8,966.—Sumter electrode for make and break ignition. In construction, the stem is
insulated with rolled mica, which does not_ have an upturned edges in the combustion
chamber. The taper arrangement makes it impossible to loosen or pull out the insulation.
A oopl;;er gasket inside the igniter casting makes ag tight joint. The stem is long
enou%eto&k&ecaxeohgmtercasmgsofvanmth: , and the superfluous portion
may be cu

Ignition Systems.—There are two systems in general use
for igniting the charge by electricity:

1. The low tension or make and break.

2. The high tension or jump spark.

Ques. What are the characteristic features of each
system? '

Ans. The low tension system is electrically simple and me-
chanically complex, while the high tensien system is electrically
complicated and mechanically simple.
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Low Tension Ignition.—In this system there is a device
known as an #gniter, placed in the combustion space of the
engine cylinder. This consists of two electrodes, one of which
is stationery and the other movable. The stationary electrode
is insulated, while the other, having an arm within the cylinder
and placed conveniently near, is capable of being moved from
the outside so that the arm comes into contact with the station-
ary electrode and separates from the latter with great rapidity.

W

P1cs. 3,967 to 3,970.—Bosch magnetic spark l{)lug. This consists of a coil A having one end con-
nected to a terminal B, and the other to the plug casing C. A spark is produced when a sepa~
ration takes place between the moving contact D and the stationary contact E. Wi
the ﬂ“ﬁ is a metal core P and a swinging lever G, which lever pivots on the projection
H which is a part of the core F. K shows a portion of a hair-pin spring, the end L of which
rests in a recess within the lever, G, the tension of the spring tending to hold
the lower end of the lever G carrying the contact D against the stationary contact piece E.

This sudden breaking of the circuit produces an electric arc or
primary spark caused by the inductance—that is, by the “iner-
tia” or tendency of the current to continue flowing after the
separation of the contact points.

The current may be derived from either a primary battery,
storage battery, or low tension magneto.
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Ques. Name the elements in a low tension circuit.

Ans. 1, a source of current supply consisting of either a
primary battery, storage battery, or low tension magneto, 2, &
primary induction coil when a battery is used, 3, an igniter,

IGNITER Q

PiG. 3,971. ;Lowdtensxbaotn or mglne and breakolgstem 'l‘woal & th o If:amttery :nﬁupply are
vided: a tery and a magneto. e terminal of bo e magneto
b e Ke ther terminal A, of the > M, is cc d to the point S, of a
two way swwch The cells comprising the bsttery J. are connected in series and the
not grounded is connected to a primary induction coil K, and thence to_the
point T of the two way switch. By moving the arm of this switch to the right or left,
current may be had from the battery or magneto respectively. - A conductor nnectl
the third point of the switch to the stationary or insulated electrode of each 1gmter.
smgl: throw switch being placed at each igniter which allows either or both cylinders
thrown out of the circuit at will. The movable electrodes and metal of the engine
furnighes the ground return to the battery and eto. On a multi-cylinder enginé it
i evident that no other contact can be made at the moment of break in one cylinder
gince the current would then flow through any other .igniter that might be in contact
instead of producing a spark at the break. The operation of the make and break system
is as follows: Starting, say on the baitery, the arm of the two way switch is turned upon
point T, The movable electrode D, of the first cylinder being in contact with the insulated
electrode B, by the spring E, the current will flow from the battery J through the coil K'.,
thence thmu& the two wair)swwch and the single throw switch to the insulated electrode
B. The movable electrode D, being in contact with the insulated electrode B, the current
returns to the battery througfl D and the metal of the engine, thus completing the circuit.
As the cam G revolves in the direction indicated by the arrow, its nose passes from
r the lower end of P, the latter drops with %na ngxdxty by the action of
aodmgaahoulderatthe r end of P es the external arm of ab
the contact point of D pg: ulckly snapped apart from B, producing an
whxchxgm the charge. e of operations is repeated by the ignition
of each cylinder in rota. :

E%E-E@
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4, a switch for breaking the circuit, and an additional switch
to alternate between the battery and the magneto when both
means of furnishing the current are provided, and 5, connecting
wires, as shown in fig. 3,971.

Ques. How is the spark produced in the low tension
system? .

Ans. The sudden breaking of the circuit by the quick sepa-
ration of the electrodes produces an electric arc or primary

P1G. 3,972.—Wiring diagram of a low tension system wi thma%netxcaparkpluga. A portion
of'thew:nngofthemagnetoarmature:sshort of the
interrupter, and when the circuit is broken the resulw&:rmatum reaction has the effect
of raising the armature voltage sufficiently to operate

spark caused by the inductance—that is, by the ‘‘inertia” or
tendency of the current to continue flowing after the separation
of the contact points.

Ques. What is the object of the primary induction
coil?

Ans. To intensify the spark.

When a magneto is used, a coil is not neoessary,asthe armature
mndmgservesthesamepurpose. A magneto furnishing either direct

-
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B

or alternating current may be used; the voltage will depend on the
armature speed and the strength of the magnets.

Ques. What is used for the electrode contact points?

Ans. Iridium or platinum, as these metals resist the oxi-
dizing effect of electricity and heat better than others.

Ques. What is the action of
the current in low tension
ignition?

Ans. A considerable interval of
time is required for the current to
rise to its full value, and the time
of separation of the electrodes should
not be sooner than the moment when
the maximum current strength has
been attained. When a magneto

G, 3,973.—Bosch low tension, type NO oscillatmg

magneto used in cc tion with

and break igniters. A current wave being produced

by each osclllatton of the armature, it is necessary

to drive th maegneto in a fixed relation to the

engine crank The magneto trip lever should

be n d to the movable igniter
on the engme, as in tlns 3 can proper
synchronism be obtained. It shou.l be borne in min

“NO” cannot be used at speeds greater tha

minute, and where a g:veam speed 18 desired, the typ
rotating armature, should be used. In timing them
the armature should register with the proper mark on
making the timing for either rotation extremely sim; 1
no disassembling of the mstmment. Since no meth
of the spark is provx arrangements to this end sh1
tripping mechanis snci since the igniter and the armatuce are driven in
synchronism by the tnp lever, the instrument is always rated at its point
of maximum efficiency regardless of whether the spark be retarded or advanced. In
order to obtain proper ts, the trip lever should be deﬂected through an le of 30
degrees before it is released, and, since the spark is produced by spring action rather than
directly through the speed "of the engine and therefore is independent of the latter, no
battery is necessary for starting, and in ordinary cases one turn of the fly wheel will be
sufficient, provided, of course, that a proper gas mixture be present.

is used, the current strength increases with the speed, hence
the contact interval can be shorter at high speeds than when
a battery is used.
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Ques. In low tension ignition, what is necessary in
order to produce a good spark?

Ans. The ‘“‘break’® or separation of the contact points of the
tgniter should take place with extreme rapidity, that is, the
spring H (fig. 3,971) should be sufficiently strong to cause the
shoulder or rod F, when it falls, to strike the igniter arm a
decided blow, thus quickly snapping apart the contact points.

IMMEDIATELY
OEFORE SPARKING

Fics. 3,974 and 3,975. —Low tension igni sgcbem with inductor mngneto Pig. 3,97¢,
fontton immediately before s arhng ﬁg ition immediately after aparkmc
construction, the eam which operates the and break igniter has a

nectnon to the inductor crank of the magneto wlnch q; an oscillating motion to tho
The tion is such that at the instant of break" the inductor cuts

the greatest number of bt:fngnetnc line. In gpcra%n;dthc cam C, gn the hla)li time -htmg

makes a contact ore sparking, and immediately breaks it again by permit

thohammetTtoeallonthemmS A spark is produced at the instant of break of contact

at N The winding of the armature A has one end grounded through the base of the
eto, the current returning through the engine to the point S; the other end of the

wmdma is led through an insulated post to the nut N by which it is connected with a

stud brought through the cylinder wall, where a wiper, indicated by dotted outline, nor-

mally rests ngal.nat 1t by means of a spring.

Ques. State some disadvantages of low tension ignition.
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Ans. Mechanical complication, excessive noise, wear of the
igniter points, and possible leakage through the igniter.

Ques. For what service is low tension ignition espe-
cially suited?

Ans. For marine service especially in open, off shore fishing
boats, such as Cape Cod dories, Sea Bright skiffs, etc.

P1c. 8/76.—Hammer break igniter. It consists of two metallic terminals A and B. The
terminal A is mounted on a movsble shaft C, while B is stationary and insulated fmmthn
agindex wall by the lava bushing D. A suitable cam rod, attached to the crank E,

the means for rocking the terminal A, so as to bri it in contact with the terminal N
and then quickly separate the terminals to produce the cpuk The helical spring P,
provides a semiflexible connection between the shaft C, and the crank E. The contact
points of the two terminals are tipped with two small %‘ eces of platinum G and H, and both
terminals are tedmtheremovableplugl(wchmu.su ymsert.edthrcmghthe
wall of the cylinder head, so that the igniter pomts extend into the com Ivresnon
of the cyhnder In the cu'cuxt is a battery L, and primary spark coil M.
:'5"5"&? keml,and hen w-mma.gmr'theulckltmd Mthmugh e b

spar! wl are quickly npar

of the coil causes an electric arc the ig tes the eh&!xe

3
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Ignition with Inductor Magneto.—In this system of low
tension ignition, the current is furnished by a magneto having a
stationary armature and a rotating inductor as before described.

The inductor is arranged to either revolve continuously or to oscillate
through a small arc. An example of the latter type for low tension
%nitionis shown in figs. 3,974 and 8,976 which illustrates the Simms-

osch system. .

TG, 8,977.—Wipe contact igniter. It consists of two independent electrodes, the stationary
rode A, and the movable electrode B. The ;fmter ig located in the inlet chamber
I?e' directl: fovc;:- the themd of the a:lim'nd :lzalzf H, and either tlt.;me of It{he Ielectrode: ‘gan
ed for inspection or removal independently by removing the cap K. In operation,
when B is revolved by the motion of the igniter toc{ C, the regzolvingpblade D, rbrougbt
into contact with the spi'm‘gl E, at each rotation and produces the spark. A feature of
this type of igniter is that the wiping contact prevents the accumulation of burnt carbon
on the contact aces and this serves to reduce the resistance of the closed circuit.
It is subject however to wear of the contact surface, and breakage of the sprinf.
In adj {tho.‘. can be ch d during operation by turning thumb screw H,
on the end of the igniter rod, advmcingorrmincthearc.

Low Tension or Make and Break Igniters.—These devices
may be divided into two general types according to ‘the manner
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of separating the terminals, that is tc say, according to the method
of break, as hammer break, and wipe contact (figs.3,976 and 3,977.)

High Tension Ignition.—In this method of producing a
spark, a device called a spark plug is employed. It consists
of two stationary electrodes, one of which is grounded to the

RCUITING IGNITION < — - = - JAAITY

¢ PLATINUM CONIACTS

MGs. 3,978 and 3,979.—FEisemann type G4 magneto showing method of timing and special
wrench. Timing ihe magneto: As the spark occurs when the primary circuit is broken
by the opening tl;egl:tmu‘mwntactamthemakeand‘ break mechanism, it is necessary
that the magneto will be so timed that at full retard position of the timing lever body, the
platinum contacts will open when the ctive dpubqn of the has reached the top
point on the firing stroke. Turn engine by hand until piston of No. 1 cylinder is on the
mer dead center; remove distributer plate from magneto and turn the driving axle

armature until the setting mark on the distributer disc is in line with the sef

screw as shown. (For clockwise rotation use mark R, for counter clockwise, use mark L)
With the armature in this position, the platinum contacts are I&m opening, and the metal
insert of the distributer disc is in connection with carbon for No. 1 cylinder. The driving
medium must now be fixed io the armature axle without disturbing the position of the
latter, and the cables connected to the spark plugs.

NOTE.—Primary Induction Coils. When an electric current flows along a coiled
conductor, an inductive effect is produced which opposes any rapid change in the current
This principle is employed in low tension ignition to intensify the spark when a battery forms
the current source. The device which accomplishes this effect is known as a primary snduciion
coil and eonsists of a long iron core wound with a considerable length of low resistance copper
wire, the length of the core and the number of turns of the insulated win: ini
efficiency. e _current pe.ssx.%shthrough_ the winding magnetizes the soft iron, and a self-
induced current is generated. When the circuit is broken, the magnetic, reactance tends to con-
tinue the flow of current, despite the break in the mruut.andoccasxonau‘g:.rkofgmt heat and
brilliancy. moment of making.

"'E'a.

« The spark occurs at the momentof breaking the circuit, not at
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engine cylinder and the other insulated. The points of the
electrodes are permanently separated from each other by about
14 of an inch, the space between the points being known as
an air gap. This space offers so much resistance to the flow of
an electric current that a very high pressure is required to cause
the current to burst through the air gap and produce a spark,
hence the term “high tension ignition,” meaning high pressure
ignition.

Since the spark jumps from one electrode to the other, this
method of igniting the charge is also known as the jump spark

SECONDARY
WIRES TO

PLUES

N . Iy 1

ENGINE CYLINDERS

0. 1 piston on upper dead center of
eompreeslon stroke, and have rocker
arm A, horizontal as shown. Shift
magneto around untxl distributer brush
B, touches segment S, thus connecting with cylinder No. 1.
Slnft magneto slowly by ha.nd. in the proper direction of

until the cc toseparate. MAGNETO
Jomtaecuremagnetolhg%ttogearoreouphngmthmm ‘When one cylinder

u tun mﬁmceed to connect the others as follows: Ascertain the firing order of the engine,
then cr: e slowly and connect lug cable from next cylinder that fires to distributer
segment No. 2 and so on until all ro:f cables are connected. The seco con=
nections on the hard rubber distrituter b are numbered in consecutive order, 1,2, 8 4,
etc. These numbers do not refer to the engine cylinders, and 1t u necessary to
the order in which the cylinders fire and connect secondary cables accordingly. Replace
parts on the magneto and start the engine to test the asetting. Seo that all nuts and
connections are tight, also that retainer spring has been There d bea
tendency for the engine to kick back slightly when starting, and if it do not.advanee
magneto until it does kick slightly. To advance, shift coup! hgglft on of
mtalhon. 'l;o retard, shift cou, with direction ott :gtatmn. h:l;ghtl et:ch time
until correc txonu--‘ d to shaf ear or coupl wi ping
do not mantmw,nxtwmunilymkloou'gm pet
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system. The spark itself is properly described by the prefix
high tension or secondary.

In the production of the spark two distinct circuits are necessary; 1, a
low tension or primary circuit and 2, a high tension or secondary circuit.
The current which flows through the low tension circuit is called the
primary current and that which it énduces in the high tension circuit,
the secondary current.

In order to obtain the high m?rssure required to produce a spark, a

device known as a secondary induction coil 1s used which transforms the

primary current of low voltage and high amperage into a secondary
current of high voltage and low amperage, that is, the quantity of the
current is decreased and its pressure increased.
. The general principles upon which high tension or jump spark ignition
is b are as follows:

An automatic device is placed in thee(frimary circuit which closes
and opens it at the time a sglark is required. When the circuit is closed,
the primary current flows through the primary winding of the coil and

Fic. 3,981.—Automatic spark advance mechanism and armature of Eisemann magneto. The
automatic advance is accomplished by the action of centrifugal force on a pair of weight
attached at one end to a sleeve through which runs the shaft of the magneto, and hinged
at the other end of the armature. Along the armature shaft, run two helicoidal r
which engage with similarly shaped splines in the sleeve. In operation, the rotation of
the armature causes the weights to sFread and exert a longitudinal pull on the sleeve
which in turn changes the position of the armature with reference to the &ole pieces.
Thus, the moment of greatest induction is advanced qr retarded and with it the break in
the primary circuit, for the segments (or, cams) which left the circuit breaker and cause

the greak in the primary circuit are fized in the correct position and thus the break occurs

only at the moment when the current in the wmdmg is strongest. On other magnetos’
it is the segments or cams that are moved forward or ack as the case may be. To apply.
the automatic control principle to any engine, there have been produced spindles

varying pitches; spindles that will give 19, 25, 38, 45 and 60 degrees advance. For use
in connection with these spindles, there are sixteen different springs. With these parts,
in connection with the governor mechanism, 160 advance curves can be produced. By
varying the length of the stop on the bronge nut, more may be obtained. Many ensim
require a great deal of advance, others will not permit of more than 20 to 25 degrees. Itis
necessary to take into consideration the size and shape of the combustion chamber, the
compression, the position of the spark plugs and the speed of the motor. It is also univers-
ally acknowledged that an engine of high compression will give a quicker burning mixture

will not require, or in some cases, stand, as early a spark as one of lower compression.
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3 o 17, alor spring.
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o Mol swiich 3 :prbl‘ Lom 3
& Cable cover. . © " 14, Vibralo e hey

= ‘
Dimensions ;=" : Horizontal Coil Type “C*.
=17 -
Frcs. 3,982 and 3,983.—Bosch type C horizontal secondary coil. In construction, a movable

brass cover 2 carries the switch handle 1, and is attached to the cylindrical coil housing 3
b{ means of a bayonet joint. The press ‘button used for starting yro;ects from the center
the cover. A pin set on the coil end plate engages an opening in the cover, w
causes the coil and cover to move together. The switch ooumts bemghlocated on the
other end plate of the coil, this permits the operation of the switch by the movement of
the cover. Switch itions: Four positions are provided, 1, O, of, 2, B,
8, MB, magneto and 4, M, magneto. The base of the coil housmg is formed
the stationary switch p]ate 6 a.nd the contacts carried on it register with the contacts
the movable svmch plnee u&artml rotation of the coil by the movement of the
cover plate causes th different swi contacts to engage. The coil bod; eonslsts of a
lindrical iron core 10 u; which are wound the primary and secon
e former consists of a few yers of heavy wu'e, and the latter of man K layers of fine wire.
One end of the primary win is c« ted to a t on switch plate 7, while the
other end leads to the vibrator, from whence it passes to ground. The iron core 10, carries
the eondenser 12, and to it is screwed the end plate 11 that supports the sta.rtm,g dev:ca.
The parts of the startmgdevwearethebrass buteon4 thecontactsgnngl , and the
,vibrator blade 14 ‘When the switch handle is turned to either of the battery positions,
& pressure on button 4, will complete the pnmax;mc;rcult by causing the contact pin to
touch the platinum point carried on spring 1 contact will be in parallel with the
timer, and the current will flow from the blade 14, to the en cf:lm:e 11, to the iron
gandbybm post 9, to ground, Lock: The coil is provi edthhakeylock.
hich may be opera only when the coil is in the “Off"’ position. This prevents the
unauthonzed use of the engine, and by making it impossible to lock the switch in any of
?Eeratwe positions, renders unlikely that the switch will be left unintentionally on
he battery positions to the injury of the battery. Battery voltage: The cod.s
n.re wound for a current of six volts, and a six volt, sixty amﬁre hour storage batte:
recommended. If it be necessary to use dry cells, ten should be provided for a 4 ¢ lmde:
system, and twelve for 6 cylinders, connected in series parallel. They should be divided
mto two ps of five or snx cells esch the cells of each group should be connected in

the groups tog!
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causes a secondary current to be induced in the secondary winding.
The spark plugbbemg included in the secondary circuit opposes the flow
of the current by the high resistance of its air gap. Since the pressure
of the secon current is sufficient to overcome this resistance, it
flows or “jumps” across the gap and in so doing, intense heat is pro-
duced resulting in a spark. . . . L.
Sometimes the spark is obtained by keeping the primary circuit
closed except during the brief interval necessary for the passage of the
spark at the plug points. A secondary spark, then, may be produced
by either open or closed circuit working, that is, the primary circuit
may be kept either opened or closed during the intervals getween sparks.

P16, 8,084.—Diagram of a dary, vibrator type induction coil. The parts are as followe:
A, contact screw; B, battery; €, core; D, vibrator terminal; G, enser; P, pri
winding; S, winding; W, switch; Y, vibrator. [n operation, when the
switch 18 closed, the following cycle of action takes place: @, the primary current flows
and magnetises core; b, magnetised core attracts the vibrator and breaks primary circuit; c, the
magnetssm vanishes, inducing a momentary high tension current in the secondary ws‘nd’o'ng,
producing a spark at the aisr gap; d, magnetsc attraction of the core having ceased, vibrator

Spring re-establishes contact; e, primary circust is again completed and the cycle bcn’us anew,

The automatic device which controls the primary current to produce
a spark by the first method is called a contact maker, and by the second
method, a contact breaker. A closed primary circuit with a contact
breaker is used to advantage on small engines run at very high sFeed
as it allows time for the magnetism or magnetic flux in the core of the
coil to attain a density sufficient to produce a good spark The word
#imer is usually applied to any device which controls the primary current,
when it controls both thgtfrimary and secondary currents, as in syn-
chronous iinm’on, it is called a distributer. Before explai:as‘ﬁ‘the different
?me.ms of high tension ignition the several devices such as in-
uction coils, spark plugs, etc., will be described in some detaill
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Among the various devices used in high tension ignition the
following are of importance and the function and construction
of each should be clearly understood. :

Secondary Induction Coils.—In order to obtain the high voltage
necessary to produce a secondary (jump) spark, a secondary induction
coil is used: 1t is a species of transformer and transforms the primary
low tension current into a secondary high tension current. It consists
essentially of four main dparts: 1, an iron core; 2, primary winding,
3, secondary winding, and 4, condenser.

PiG. 3,985.—Contact maker and mechanical vibrator. The case, A, is usually attached to

%:uﬁ“ box of the engine; B, is the vibrator, blade; C, a platinum contact point; D, an

sulated adjusting screw; E, a bush with insulation; F, the operating cam. As

this cam revolves the weight on the end of blade, B, drops into the recess on the cam

causing the blade to vibrate and make a number of contacts with D, thus producing a
series of sparks when in operation.

Timers.—These devices are simply revolving switches operated by
the engine and so adjusted that the primary circuit is made and broken
in proper sequence with the .agine cycle, so that the ?ark may occur
at the proper point with respect to the crank position. A timer is geared
to revolve at one half engine speed for a four cycle engine, and at engine
speed for a two cycle engine. The distinction between timers and dis-
::hnbukrt;;should be carefully noted, to avoid the usual erroneous use of

ese 5

Special Forms of Timer.—In order to meet certain conditions of
operation, special timer construction is sometimes used, giving rise to
types of timer which are known as:

1. Contact makers;

2. Mechanical vibrators, or iremblers;

3. Contact breakers;

4. Interrupters.
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A contact maker keeps the circuit closed for only a short interval,
whereas, a contact breaker keeps the circuit open for only a short interval
A contact breaker is intended to meet the conditions of extreme hi
speed, that is, by keeping the primary circuit closed exﬁt during the
brief interval necessary for the passage of the spark, cient time is
ﬁiven for the magnetic flux of the core of the magnet to attain a sufficient

ensity to induce a secondary current of the required strength.

An interrupter is virtually a contact maker located on a magneto and
forming a part of the latter machine. :

Distributers.—When one secondary coil only is used with a multi-
cylinder engine as in synchronous ignition, a device called a distributer
is a necessary part of the system. Its use is to direct the discharge of
a single coil to thespark plug of each cylinder inrotation. A distributer

X tact breaker. This device keeps the circuit closed at all times except during
mt.sﬁgwbrwi'—ci’;\:ervnl o Y fo:-’ the p .eep:f the spag{: :.ltl the g}:g u:;s i’:“’,mu_,,d &:
ad e on engines running at very high speeds, as it allows time for the magn
in vt.g:t:gm of the coil to am?.n a density cient to produce a good spark.

consists of a timer for the primary current, and a similar device for the
secondary current working synchronously, that is, in step with the timer
and which switches the secondary current to the various spark plugs
in the proper order of firing. Lo . .

* In other words, a distributer is a combination of two timing devices
working in unison with each other; one makes and breaks the primary

NOTE.—The primary element of a distributer contains as many stationary con-
tacts as there are c;?lindersyand a revolving arm or rofor which in its revolution touches each
of the stationary contact so that the primary circuit is made and broken once for each cylind
during one revolution of the arm. The secondary element is above and concentric with
the primary part. It has a rotor and the same number of stationary contact as the primary
element; the parts of both elements are arranged symmetrically with each other and are
contained in a compact cylindrical casing. A shaft geared to the engine operates both

]

the
and secondary rotors. The primary rotor is in metallic contact with the shaft and

iorm:zith it and the engine a groumf return for the primary circuit. The secondary rotor is

carefully insulated. All the primary statlcm_a?: contacts are connected to one common ter-

minal which receives the primary lead. A binding post is provided for each of the

stationary contacts and one for the secondary rotor, These binding posts are usually

on the top part of the casing.
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circuit, while the other makes and breaks the secondary circuit and in so
doing distributes the current to the several cylinders in correct sequence.

Spark Plugs.—In all high tension ignition systems a permanent air
gap is placed in the secondary circui'?:éross which the current must
jump to produce a spark. The device by which this permanent air
gap is maintained is called a spark plug. There are several varieties

F1G. 3,987.—Sectional view of the Pittsfield distributer. In this device several revolving
contacts are employed instead of one; these consist of a double agnng m: sliding
contact at the portions, A. The parts are: 1, contact springs; , .shaft; 3, bushing;
4, stationary terminal; 5, timer ring; 6, stationary contact insulation; 7, distributer

late_; 8, secondary revolving contact segment; 9, taper pin; 10, secondary stationary
zeﬂnmal.s' 11, casing; 12, secondary terminal for lead to coil; B, slide bearing; C, hook;
D, ﬁe‘yei ogésecondary cable. The principles of distributer operations are plainly shown
in fig. .

of spark plug, of which the following are extensively used: 1, primary,
or magnetic make and break plugs, 2, secondary, or jump spark plugs,
including plain and special forms such as coil plugs.
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Various High Tension Ignition Systems.—There are a
number of satisfactory method for producing a secondary or
high tension spark, such as ingition

1. With plain coils;

2. With vibrator coils;

3. With master vibrator;

4. With single coil (synchronous ignition);

Fics, 3,988 to 3994—Sectmso£weuknownmkvlm Theﬁntﬂvohwapacddn
insulation; the last two, mica.

5. With dynamo and storage' battery;
6. With magneto: '
7. With special igniting devices.

NOTE.—Sparking pressurc. A current of very high voltage is required to produce a
secondary or jump spark on account of the great reolstanee of the air gap and compression
pressure which op; the current flow. The reguued voltage will depend on
the air gap and tg ty of the inside the cylinder. Foro spark pl
in air the sparking pressure will vary trom about 3,000 to 5,000 volts weordmi‘t:the lenx
of the gap. but to produce a spark in an engine cylmder whete the mixture been com-
gv four or five times the at: ic pr , will require from 10,000 to 20,000 volts. .

hen a cpark plug will not work, the el des and insul material shoul be
ough y cleaned with fine sandp:gr and the distance between the points adjusted to about
irty-second of an inch, or the thickness of a teneentnlmpteoe. If the battery be weak,
the gap may be made smaller.

——
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Ignition with Plain Coils.—The first high tension system
to attain popularity was the single spark system using a plain
coil and contact maker. This being the simplest method of
producing a secondary spark, it will serve to illustrate the
several principles involved in jump spark or high tension igni-
tion, as explained in fig. 3,995.

F16. 3,995.—Diagram illustrating the principles of high tension or Jump spark ignition. The
nose ot the cam in revolving engages the contact maker which oomplows the primary
urcmt and allows current to ﬂow from the battery through the primary winding of the

; this magnetizes the con The primary circuit is now broken by the actm of the
eam and magnetic changes take place in the coil which induce a momenta.ry high tension
current in the secondary circuit. The great pressure of this current forces it across the
air gap of the tsg:rk plug and as it bﬂdgee the gap a spark is produeed The arrows

cate the of the currents. At break, the primary current is ‘‘slowed down" by
the cc N t us prev an arc between contact breaker contacts.

Ignition with Mechanical Vibrators.—The view held by
some that a series of spark closely following each other is more
effective for ignition than a single spark, led first to the intro-
duction of the mechanical vibrator. This system employs a
plain coil and is identical with the one just'described with the
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exception that in place of the make or break timing device, a
mechanical vibrator is used which gives a succession of spark
for firing each charge.

As the rotor of the timer revolves, it touches each of the stationary
contact and in so doing, the above cycle is repeated for each cylinder in
the order of firing, as wired.

Ignition with Vibrator Coils.—A more refined method of
produmng a series of spark for igniting the charge is by the

2

Mo, 8,906.—wiring ot a dual jL.np spark system tor L.our

A dry battery a.nzI low tension eto form the two sources of current su y%
pmnaf{. or low tension circuit is shown b heavy lmes. the secondary or
circuit by fine lines, and theleadswsparkp lugs by th
represents the outline of a four unit dash coil. In tho colil connectiom it shouldbenoted
that the adjustable contact screw of each vibrator is c« d by a
minating at the two way switch; also,meachumeoneendofth aeeondary dmgla
connected to that end of the primary, 1 to the vibrator blade.
connections lify the external wiring, as erwue there would be fou: bm &o«t‘
tor each unit. ?l‘he two way switch just refe its the current supply
taken from either of two sources, suchasabatteryan a magneto. urrent 18 supplied
by the battery when the switch is in the position shown in the figure. By turning the switch
to the right, a current from the eto will be furnished. Wlth the battery in the
ummt and the timer in the ition shown, the dperation is as follows: Current flows

from the posmve terminal of the battery, to the switch, thence, to the contact screw of

coil number two. From here, it flows through the vibrator blade, pﬂm&ry winding of the-
coil timer and the metal ofti:eengme and returns to the battery. e primary circuit
is alternately opened and closed with great rapidity by the vibrator so long as the rotor
of the timer is in contact with terminal 2. During this interval, a series h tension
eumnt is induced in the secondary circuit producing a series of spark. e current
which flows through the aeeondar}' wmdmg is in a direction opposite to that of the primary
current. At e&:h mter;uptnon % the ‘gtzgmry ctl:mfnt. an mdgheed lnghmd ion cuﬂenﬁ
flows e secondary winding, e spark plug, across the gap, a spar]
and returns through the metal of the engine, &er. n.:ﬁ back'to th eg:ol:l.p i




GAS ENGINE IGNITION 2,779

use of a vibrator coil. - The magnetic vibrator is a marked im-
provement on the mechanically operated device as it vibrates
with ‘greater rapidity and is capable of delicate adjustment.
This system which is extensively used is illustrated in fig. 3,996,
which is a wiring diagram for a four cylinder engine.

Ignition with a Master Vibrator.—In a multi-unit coil
there is a vibrator for each unit, all of which may be operated
by a single or master vibrator. The advantage of such a system

Fic. 3,997.—C dmgramof.mastervibramoorl B.mthebattery Ctheumteoib’
Cl C2, etc., the condensets, P, the primary windings and S, the seeondary
Hl H2 etc., the spark plugs; ’1‘ the timer; MP, the master primary; V, the VIbmeor.
W, "the common rimary con.nectxon, 1, 2, etc,, ’ the stationary contacts of the timer.
Thepnmaryvnn areallumtedmpamllelattheto‘pbyawuew and with the
lower ends connecting respectively with the segments of the timer T. The prima:
winding MP which operam the vibrator V is in series with this winding, the wire W'
connecting from the battery and ing directly thrott\gh the master primary MP. The
four oondmsers. q, C2, C and C4, are in parallel with the primary windings. Each of
the dmgs connects direct to the spark plugs, designated respectively
H1, H2. H3 and H4.

is that there is but one vibrator to keep in adjustment, since
this vibrator serves for all the cylinders; whereas, with one for
each unit, all have to be kept in adjustment and the difficulty
of keeping the several adjustments is a considerable factor. The
diagram, fig. 3,997, ﬂlustrates the circuit and operation of a
master vibrator.
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Synchronous Ignition.—This system employs a distributer
and a single coil for a number of cylinder. It is called ‘‘syn-
chronous” for the following reason: when a multi-cylinder en-
gine has a coil unit for each cylinder, it requires the adjustment
of several vibrators. Now, the time required by the vibrator to
act is variable with the adjustment and with slight differences

:

|
J i
.

PG, 3, 998.—Dngmm rinciples of synchronous ignition. For clearness the
evhnmary and aeeondnry elements of both the coil and the d:smbuter are shown separated.
en the primary rotor of the distributor completes the primary circuit, eurrent from
the battery flows and the vibrator operates, making and breaking the current with great
frequency. A high tension current, made up of a series of impulses, is induced in the
secondary circuit and distributed by the rotor arm during its revolution to the several
cylinders in the proper order of firing. Each secondary segment of the dmm’butzr being
wired to one of the spark plugs, the rotor durmg its revolution bnngs each plug to the
secondary circuit in the order indicated in the diagram. As shown, the secondary rotor
i8 in contact with segment number two which causes the induced current to flow from
the secondary win , through the distributer. One end of the secondary winding is usually
connected to one of the primary winding instead of making a separate connection
tothemetaloltheenmm. nmphﬁe:thewmnabyhavmgomeommongmnd
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in construction, hence, of the several vibrators, perhaps no two
will act in exactly the same time. Consequently, though in the
ordinary multi-unit coil system, the closing of the primary cir-
cuits may occur at exactly corresponding moments for all
cylinders, the production of the spark will be more or less
“out,” owing to the variation in the “lag” of the different
vibrator. .
With a distributer and single coil, the lag is the same for all
the cylinders, hence, the application of the word synchronous.
Fig. 3,998 is a wiring diagram showing the connections of a synchronous
system; for clearness, the two windings of the coil are shown separated

from each other and for the same reason also the primary and secondary
elements of the distributer are separated. .

Magneto Ignition.—There are numerous types of magneto
used for igniting purposes. In the several systems, therefore,
different methods of wiring are required. In the true high ten-
sion and the self-contained types where the coil and condenser
are a part of the magneto, the number of external connection
is less than with those having the coil in a separate box.

In starting an engine equipped solely with a magneto, it is necessary
to turn the crank much faster than when a battery is used, because the
armature must be turned at a certain speed to generate the required
current. Due to the refinement of design this factor has been reduced
and most magnetos will give a spark sufficient for ignition even if the
armature be revolved quite slowly.

To secure satisfactory ignition with a magneto it is very essential
that the various joints of the primary circuit be kept in perfect condition,

NOTE.—In connecting up batteries and coils it is recommended that the vibrator screws
be made “positive,” so that whatever platinum is carried away by the arc may be taken
from the screw and deposited upon the contact point of the vibrator. The theory is that the
screw is cheaper and easier to replace than is the vibrator, and that, with this a ent,
the vibrator tf)om': builds up rather than wears away, requiring only the smoothing off of the

extra metal deposited upon it to keep it in condition.

*NOTE.—The very slight wear produced upon vibrators operated from non-synchronous
alternating current magnetos from which the current is in each direction for one-half of the
time, in the aggregate, 1s well known. Hence, when a battery is used, if the operator would
periodically change the direction of the current flow by reversing the two battery wires con-
necting the one which has gons to the positive pole, fo the negative and/vice versa, he wild
find that the wear of the vibrator points is reduced to a minimum.
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that is to say: all terminals should be clean, bright, and firmly connected.
The interrupter contacts should be kept clean and true using a fine file
to square the surface, so that the entire surface of one contact will
touch the other. .
The two brushes lméi;f to armature coil must be kept clean, free
of oil and springs adjusted to secure good contact. : L.
Most operators pay too little attention to the secondary circuit
contacts. These also should be kept clean, true, and springs properly

ad%éshted. : .
en an engine will not start on the magneto or requires unusually
rapid spinning to effect ignition, it is a strong indication that the
primary and secondary contacts are not in proper condition.

When a magneto ignition system fails, the trouble is almost always
due to faulty condition of the contacts.

P1c. 3,999.—Filing slot for cleaning platinum contacts of Connecticut magneto interrupter.
The cup hol the interrupter or primary circuit breaker may be withdrawn from its
housing. The slot serves ag a guide for a small flat file for cleaning and squaring the
contact points. By means of an adjustable gauge furnished with the magneto, the correct

] ]si'of tg:aqontact.poatils may be deaelrmxped‘ . The mtit;ruptgr is éarowded withz
single roller bearing against the cam pins, thus insuring accurate timing at any speed an
unaffected by centrifugal force. The advance lever can be connected at either side of
the magneto as the interrupter housing is reversible. The cams are renewable by a
half turn with a screw driver.

Dual Ignition.—As defined, a dual ignition system is one
having two separate current sources with some parts of the igni-
tion apparatus in common. Most magneto systems are exam-
ples of dual ignition, that is the distributer which forms a part
of the magneto is used to distribute the current from either the
magneto or a battery. Thus, if a short circuit occur in the arma-
ture, by turning a switch, current may be furnished by the bat-
tery and distributed by the magneto. Moreover, because of the
difficulty of cranking an engine fast enough to'start on'themagneto,
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the battery is usually used for starting and the magneto for
running. An example of dual ignition is shown in fig. 4,000.

Double Ignition.—An extreme provision against failure in
operation consists in providing two entirely independent igni-
tion systems. For some installations both make and break and
jump spark systems are provided, in others, two high tension
systems. Such practice is not to be recommended, especially
in view of the very efficient and dependable apparatus that can
now be obtained. '

PG, 4,000.—Wiring diagram of Bosch dual ignition system, using one set of spark plug.
A ‘special coil is provided with self-contained switch, and a button for b a msgn;&c
vibrator into the circuit when desired. Combined cables: 1, thin blue cable is for
contact breaker; 2, thin red cable for short circuiting terminal; 3, thin white cable for
high tension terminal; 4, thick brown cable for distributer terminal. Single connections,
1 and 5 are battery leads. At back of coil is connection to frame.

Ignition with Special Devices.—The fact that ignition could
be made reliable and certain, as well as more nearly synchronous,
by the single spark as produced by the magneto, has influenced

]
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several seekers after battery economy with coil ignition to de-
velop and place on the market devices in which a single break
in the primary circuit is caused mechanically at each instant at
which it is desired to ignite the charge within the engine cylin-
ders.

These ‘‘single-break” coil systems embody, in their most highly
developed forms, a single plain coil, a secondary timing device for the
induced high tension current and a timer or circuit breaker which causes
a sharp break in the circuit of the primary coil winding each time an
i%n.ition spark is required. After the coil itself, the circuit breaker is
the chief component of single coil systems with distributer, designed to
produce but one spark per ignition. Upon it depends the effectiveness

CONTACY
SPRINC

P16s. 4,001 to 4,004.—Principle of the Atwater-Kent ignition system. The so called “uni-
sparker’ consists of a notched shaft, one notch for each cylinder, which rotates at one-
half the engine speed, a lifter or trigger which is pulled forward by the rotation of the
shaft and a spring which pulls the lifter back to its original position. A hardened steel
latch and a pair of contact point complete the device. The figures show the operation
of the contact maker very clearly, It will be noted that in fig. 4,001 the lifter is
ed forward by the notched shaft. When pulled forward as far as the shaft will carry it
. 4,002, the lifter is suddenly pulled back by the recoil of the lifter spring. In returning,
it strikes against the latch, throwing this against the contact spring and closing the
contact for a very brief instant—too quickly for the eye to follow the movement (fig.
4,003). Fig 4,004 shows the lifter ready to be pulled forward by the next notch. Note
that the circuit is closed only an_instant preceding the spark. 'No current can flow at
any other time, not even if the switch be left “‘On’’ when the engine is not running. Note
that no matter how slow or how fast the shaft is turning, the lifter spring always
pull the lifter back at exactly the same speed, so that the operation of the contact, and
therefore the spark, will always be the same, no matter how fast or how slow the engine
be running. ’I%e contact points are adjustable only for normal wear. By meansof the
distributer, which forms the upper part of the unisparker, the high tension current
the coil is conveyed by the rotating distributer block, which seats on the end of the
unisparker, to each of the four spark plug terminals in the order of firing.
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of the spark, and in some measure also the current consumed in the
coil in producing it.

In consideration of battery economy, it is necessary that the circuit
breaker make only a sufficiently long contact to secure the proper
building up of the magnetic field about the coil windings, before the
occurrence of the break. Because of this, it is usual to so set the adjusta-
ble point of the breaker that the contact duration is the minimum with
which a proper igniting spark can be secured. The author objects to
primary battery systems, except on some single cylinder engines, because
the current is of constantly decreasing strength and batteries of short
life, necessitating frequent renewal. )

——

P1G. 4,005.—Auto coil wiring diagram showing coil box and connections, The picture shows
clearly how to bring the battery, timer and plug wires to the coil. The wires can enter through
the middle back or from the bottom of the coil box, through holes provided for tke purpose.
It is important to connect the zinc or (—) battery wires to coil, the carbon or (+) wires
being connected to ground or frame of engine. It is also important to shave or pare back
the braid on the secondary or high tension wires as shown in picture. If the braid be
connected to any metallic portion of the wire or terminal clip, there will be a noticeable
leak on damp days, as the oil in the braid sooner or later dies out, and the braid quickly
absorbs moisture, and moist braid will cause the high tension current to escape to the
frame of the engine.

Ignition Troubles.—To successfully cope with ignition
troubles there are two requisites: 1, a thorough knowledge of
the system used, and 2, a well ordered course of procedure in
looking for the cause of the trouble.

In many ignition systems the chief difficulty encountered in
the location of defects arises from the fact that faults in different.
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F1cs. 4,008 to 4,011.—Knoblock coil wiring diagrams. Fig. 4,008, connections for make and
break engine, showing battery, magneto and double switch. 1f magneto be not installed,
use a single switch in place of the double switch; Fig. 4,007, connections for single cylinder
jump spark e?fin.e using either vibrator or non-vibrator coil; fig. 4,008, connections for
jump spark coil with three terminals; fig. 4,009, connections for two cylinder jump spark
coil; fig. 4,010, connections for three cylinder jump spark coil; fig. 4,011, connections
for four cylinder jump spark coil.

NOTE.—How to adj ust a vibrating coll. Good coils, when properly ad&gsted, consume
about one-quarter to one-half ampere for each en{;ine cylinder. By screwing down the points
too close, the current consumption may be greatly increased to the detriment of the mil
and without any advantage, erefore, it is advisable to see that the coil is adjusted so as g
take no more current than is necessary. To do this connect an ammeter in the place usually
left for a connection on a coil, or insert the ammeter in the battery connection, so that the
current flows from the battery t. the ammeter to the coil. Place a piece otfnpaper under
all but one of the vibrator points with the engine running. Adjust this point until the current
taken by |t:vica/hnder is a minimum, without, however, any tendency to miss explosions. If
the engine not run with only one cylinder working, the current taken by each contact
point may be determined by bl Lng this one point off with a piece of paper and noting the
change in the current that this causes. Adjust the point and try this ag!a_.!\ln, until the lowest
current consumption on which the engine will run properly is obtained. e proper voltagefor
& battery in most cases is 6 volts.



GAS ENGINE IGNITION 2,787

portions of the circuit sometimes make themselves manifest
by the same symptoms. If each defect had its individual symp-
tom, locating the trouble would be comparatively easy, but,
as it is, it is sometimes quite difficult to find the defective parts.
In general, the following method, should be adopted to loeate
ignition troubles:

1. The source of current supply should be examined; if a
battery, each cell should be tested separately, and any one found
to be weak, removed. - If a magneto be used, it should be dis-
connected, and the armature turned by hand; in case the field
magnets have not lost their proper strength, the armature
should turn perceptibly hard during certain portions of each
revolution. _ .

2. The primary circuit should be examined for breaks; all
connections made bright and secured firmly by the binding
screws, and the timer contacts cleaned. i

3. The spark plug points should be cleaned and the air gap
made the proper length—about one thirty-second of an inch.

4. The vibrator contacts should be made flat and clean, and
the vibrator properly adjusted.

Testing the Spark Plug.—The spark plug should be unscrewed
and placed on the cylinder without disconnecting the wire to the
insulated electrode: the body of the plug only should touch the metal
of the cylinder. On cranking the engine the Sli?rk should be ‘‘fat”
if everything be in good condition; if a weak spark be produced it may
be due to either a loose terminal, run down battery, or badly adjusted

-- .vibrator., When no spark can be obtained the entire system must be
examined and tested, beginning at the battery. ’

Plug Testing in Multi-Cylinder Engines.—All nuts are removed
from the plug, leaving the high tension wires in place. After starting
the engine, all wires are grounded except one, thus running the engine
on one cylinder. In case there be no misfiring after testing at various
engine speeds, it can be taken for granted that the %1&.1}% is sound. The
remaining plugs are tested in the same manner. en a multi-unit
coil is used, a faulty plug may be located by holding down all the
vibrator blades but one, so that only one spark plug operates. Runmrels

. each: cylinder separately by this means, it caneasily'be) ascertain
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which plug is defective. Some coils are provided with little knobs for
cutting out cylinders in the manner just described.

Complete Break in the Wiring.—The engine is placed upon the
rking point, the primary switch closed, and the two terminals of
the suspected wire touched with a test wire. A current indicates a break.

Partial Break in the Wiring.—A partial break, or one held together
by the insulation, may sometimes be located by bending the wire sharply
at successive points along its length, the
engine being at the spagdng point and

the switch closed as before.

Primary Short Circuits.—The pri-
mary wires should be disconnected from
the coil, leaving the ends out of contact
with anything. There is a short circuit
if on touching the switch points momen-
tarily aspark appear. A short circuit may
sometimesbeovercomeby clearingall wires
of contact with metallic bodies, and pull-
ing each wire away from the others which
were formerly in contact with it.

Fi6s. 4,012 and 4,014.—Sumter testing device for testing low
snap the clips on terminals after disconnecting it from ¢
is evidenced by the brilliancy of lamp. To test a
on insulated terminal and the other on the engine fra:
conditions to be determined by noting the varying bril

Secondary Short Circuits.—The seoondaxz‘ lead from the spark
plug should be disconnected. Under this condition the high tension
current may sometimes be heard or seen discharging from the secondary
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wire to some metallic portion of the car. Water in contact with the
secondary wire will sometimes cause a short circuit unless the insulation
be of the best quality.

The Primary Switch.—This portion of the %nmary circuit some-
times causes trouble by making poor contact. This is generally due
to the deterioration of the spring portion of the metal, whlch gradually
loses its resiliency. Snap switches sometimes fail t.hrough the ww.kemng
of the springs which hold them in the ‘“on” or “off”” position. The
contacts of a switch should be kept in good condition.

Primary Connections.—All binding posts and their connections
should be clean and bright. The wires should be firmly secured to the
binding posts, as a loose connection in the primary circuit is often the
cause of irregular misfiring or the stoppmg of the engine.

M. 4 015 —Boech wbmtmg duplex ignition; arrangement when .employing battery of a
grounded lighting or starting system, or separate battery for ignition.

NOTE.—Bosch vibrating duplex lanitlon. In the operation of this system the arrange-
ment is such that, while the magneto circuit is inds dent and complete in itself, the battery
circuit includes both the coil and the magneto. lth the switch in the battery posmon. the
battery and coil are in series with the primary winding of the magneto armature, the
current for the battery supplements that generated by the magneto. Thus there is induced
in the secondary winding of the magneto armature, a very ?owerful current, which, on
account of vibration action of the coil appears not as a single spark but as a series of
spark, the current is dlstnbuted in the usual way by the magneto distributer. The battery
side is not intended to be used as a separate ignition system, but merely as an auxiliary

to the magneto to insure positive starting when conditions are not of the best. The
battery and coil are used in connection with the magneto only when starting, while for
the to operates as an independent ignition system. e coil i
ed to operate over a range of from eight to sixteen volts, so that cars provided with
astorage battery for lighting, starting, or other purposes, if within the voltages mentioned,
can employ the same battery for the Bosch vibrating duplex system. If only a 6 volt
storage ttery be provided, this can be utilized in connection with the system by adding
three dry cells in aenes with the storage battery. Where no storage battery is available,
or where it is desired to keep the mmtlon battery separate from the ntnrtmg or lighting
tteg dry cells alone may be to operate the system; in such case it is advisable
that the twyeonmtofughtortendryeelh (prefmblyten).eonnectedmm




2,790 HAWKINS ELECTRICITY

Vibration.—Since the wires are subject to constant vibration, a
number of strand of fine wire is better than a single heavy wire, as the
latter is more liable to be broken. In securing the wire to a binding post,
care should be taken that all the strands are bound.

Timers.—These may give trouble by: 1, presence of dirt, 2, loose
contacts, or 3, division of the spark; this.latter effect is sometimes
caused by metallic particles wearing off the revolving part forming a
path so that the spark passes from the revolving part to more than one
contact segment.

. Coils.—The part of a coil which requires most frequent attention
is the vibrator. The contact points are subject to deterioration on
account of the small spark always present between the points when
the coil is in operation. In time, the points become corroded and

YO SPARK PLUGS

FIG. 4,016.—Bosch vibrating duplex ignition; arrangement when employing battery of an un-
grounded lighting or starting system. :

burned, and therefore require to be resurfaced by smoothing with a
fine file. A faulty connection to the condenser is at once shown by

ks at the vibrator goints. Any repairs to a coil, aside from the
vibrator, should be done by an expert, as the construction is very delicate.

Igniters.—In make and break ignition, a failure to get a spark,

ially with a weak battery, is frequently due to the tappet spring.

is spring must be quite stiff so as to cause the break to take place

with considerable rapidity; the more rapid the break, the better

is the quality of the spark. The contact ‘points of the igniter

electrodes are subject to corrosion and wear. When they become pitted
the contact surfaces should be filed smooth.
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Spark Plugs.— ted failure to start when the coil vibrator
operates, indicates a faulty spark plug. A rich gasoline mixture often
leaves a carbon mtg and being a partial conductor short circuits the
plug.  The por insulation, on account of its brittleness, may
crack inside the sleeve, allowing a spark to pass there instead of at the
gap. Mica insulation sometimes becomes saturated with oil, causing

the layers to te, permitting a short circuit.

. Engine M and Finally Stope.—This may be due to exhaus.
tion of the battery, and is indicated by a weak spark and very faint
vibrator action.

RICK. SWITCH

TO GROUND

P1Gs, 4,017 and 4018.—Wiring diagram of Ei 3 G4 to. Troubles andremedies.
If the engine misfire or refuse to start, it sho J)e be found out first whether the trouble
lie in the mafgneto or in the spark 1pl . The latter should be examined first, as they
are the most frequent cause of trouble. If the missing be in one cylinder only, or in different
cylinders, the eonespondm&spark prlov.g should be examined to see that the gap be not too
large. This gap between the electrodes should be approximately ! of an inch. Also
the spark 11:» ug may be short circuited through carbon, or the insulation may be
cracked. Cleaning with gasoline or replacing is the remedy, The wiring should be ve
carefully examined and checked in accordance with the firing order of the engine,
cables be cracked or worn, they should be replaced. Clean same with gasoline until the
contact surface appears quite white, or if pitted use a fine file—a manicure file will serve
the pi very well—but file very carefully, so that the surfaces will remain square to
each other. The correct gap of the contact points is 1" and in no case should it be
more than 1g”. As these contacts wear away in time, they should be regulated by g'mmg
the ad. ble screw ‘‘U’” a forward turn, care being taken to securely tighten the locl
nut *V’’. This canbe accom;lxshed without removing the timing lever or make and k
mechanism, ag shown in figs. 3,978 and 3,979. The cut also shows the combination wrench
which is furnished wi ach magneto and which includes a gauge for the regulation ef
the gap between the platinum contacts (1”). If the platinum contact riveted to the
contact spring *17m”, or that of the adjustable screw ‘‘U"’ should be worn down entirely,
it would necessitate a change of either or both. When the adjustable screw *“ U is re laced
or adjusted, care must be taken that the lock nut is securely tightened in place. If after
following these instructions, the engine still refuse to start, the magneto should then be
tested by removing the distributer plate and resting a screw driver on the gear casing
holdmi same about 34" from the collector ring. Then, if upon rotating the armature,
2 spark jump across the 1’ gap, it shows that the trouble does not lie in the magneto.

but in some other part of the engine, possibly the carburetter. If a spark,do mal ju

across the 3§’/ gap previously mentioned, the magneto should be examined by an expefg
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Engine Suddenly Stops.—This is generally caused by a broken
wire or loose switch which does not stay closed. In the case of a single
cylinder, the broken wire may be either in the primary or secondary
arcuit; if a multi-cylinder engine, the break is in the primary circuit.

Engine Does Not Start.—Usually caused by: 1, pri switch
not closed, 2, battery weak or exhausted, 8, entire or partial break in
wire, 4, loose terminal, 5, moisture on spark Fl , 6, fouled plug, 7, spark
too far retarded or advanced, or 8, too slow cranking with magneto
ignition.

Engine Runs Fitfully.—Frequently results from a partial break

. .

in the wiring, especially in the primary circuit.

Pre-ignition.—Caused by: 1, some small particle in the cylinder
ing heated to incandescence, 2, the electrodes of the spark plug
becoming red hot, or 3, intermittent short circuit in the primary.

Engine Runs with Switch Open.—Usually caused by: 1, over-
heated engine or plug points, 2, defective switch, 8, an incandescent
particle inside the cylinder.

Engine Misfires.—This may bé caused by: 1, weak battery, 2,
partial break in conductor, 3, loose or disconnected terminal, 4, inter-
mittent short circuit in the secondary, 5, faulty action of either timer
or vibrator contacts, 6, bent vibrator blade, 7, faulty spark plug, or
8, air gap too large. .

Knocking of Engine.—Too much advance of the spark sometimes
produces this effect.

Knocking in the Cylinder.—The form of unusual noise commonly
described as “knocking” consists of a regular and continuous tapping
in the cylinder, which is so unlike any sound usual and no to
operation, that, once heard, it cannot be mistaken. Too much advance
of the spark sometimes produces this result. As mentioned by numerous
authorities, the placing of the spark plug in the exact center of the com~
bustion space occasions a peculiarly sharp knock, which may be stopged
by advancing or retarding the spark from the one point of trouble.
'l%is extilg.naﬁon of the trouble is questioned by others, and is probably,
over ra

Knocking in Cylinder when Ascending Hills,—Carbonised
cylinder.

Loss of Power Without Misfires.—This may be due to badly
adjusted coil contacts, poor spark, or incorrect timing.

Explosions in the Muffler.—These are vsually caused by misfiring,
partially charged storage battery, or by one cylinder not)working.
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CHAPTER LXXVI

SELF-STARTERS AND LIGHTING SYSTEMS
FOR AUTOMOBILES

In summing up the merits of the gas engine as a prime mover,
there is one inherent defect that cannot be overlooked—the fact
that, on account of the nature of its cycle of operation, it is not
self-starting. It must be turned by some external force until
the proper mixture has been drawn into the cylinder: com-
pressed and ignited before it will start, unless perchance an
unignited mixture be left in the cylinder and the piston be in
the proper position; then by igniting the unburned charge the
“engine will usually start.

Classes of Starter.—The engine starting mechanism requires
deep thought and engineering skill to properly apply it to an
automobile, that is, making it an integral part of the car, pref-
erably a part of the engine mechanism."

The various starting systems aré classed, according to the
kind of power used, as: 1, mechanical; 2, compressed air; 3,
gas; and 4, electric.

The employment of electricity for starting has the advantage of
also supplying current for lighting and ignition as well, and this has
led to the development of systems involving various combinations. It
would seem, therefore, that electricity would be universally used for
starters, save for the fact that there are some objections, such as high
cost, maintenance, and the considerable mechanism necessary, that
offset more or less the advantages accruing from its threefold uses.
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Classes of Electric Starter.—There are numerous electric
starting systems, and they may be classified according to the
methods of obtaining current for starting and ignition, and the
power element of the starter, as:

1. One unit systems;
2. Two unit systems;
3. Three unit systems. -

P1Gs. 4,019 to 4,022.—Classes of starter s;stems. Fig. 4,019, one unit ; fig. 4,020, two
unit system; fig. 4,021 so called two énnr. system; fig. 4.022 SO cﬂle?m'uﬁt system.

These several systems coraprise respectively:

1. A motor-dynamo;
2. A motor and a dynamo;
3. A motor, a dynamc, and magneto all separate.

NOTE.—There are two classes of two unit systems as explained on page 2,802; a two unit
system and a so called two unit system. There is some confusion in class:dcatxon, eﬂy because
of the close relatxonshlt% between the starter lighting and ignition systems. One unit properly
mdxcat:: a system with a motor generator and fwo unit, a system with motor and dynamo
separal
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Electric Starters Require a Storage Battery.—In any elec-
tric system a storage battery is always necessary; for, in order
to crank a gasoline engine there must be some $ource of electrical
energy from which the cranking motor may draw its supply of
electricity. Without it there would be no electric cranking

4,023—Gould t; B storage battery for starting and lighting systems, Plates 4! :
7'to 15 plates per cell. Battery unite for 6,8, 12, 16, 18 and 24 volts. ¥ X 8%

devices. The first function, therefore, which the storage battery
serves is to supply electricity for starting purposes.

NOTE.—The exide battery plates are of the grid type. The grid is made of a stiff lead
alloy which supports the active material in the form of a series of vertical strip held between
the grid bars and locked in place by horizontal surface ribs which are staggered on the opposite
sides. After the grids are cast, they are “pasted” with oxides of lead made into a paste of special
composition which sets in drying like cement. The plates then go through an electric chemical
process which converts the material of the positives into brown peroxide of lead and that of
the negatives into gray spongy lead. Both the positive and negative plates are provided with
lugs and in assembly the positives and negatives are separted by wood separators ribbed
on the side against the positive. A positive and negative group, together with the separators
constitute an element. A rubber jar of special composition is used as a cell container. The
plates rest on stiff ribs or bridges in the bottom of the jar.
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PiGs. 4,024 to 4,026.—State of charge of cell as indicated by the density of the solution.

4,024, cell fully ed; fig. 4,025, cell about half charged;; fig. 4,026, cell almost

How to test with hydrometer: Remove vent caps from the cells. To use hydrometer,
squeeze the rubber bulb, then insert the end of the rubber tube in the cell and well below
the surface of the liquid; slowly release bulb, drawing the solution into the glass chamber
until the hydrometer floats freely. Note the point at which the hydrometer stem emerges
from the solution. Then slowly withdraw the tube from the solution and squeeze the
bulb to return the solution in the hydrometer set to the cell. The point at which the
hydrometer stem emerges from the solution denotes the density thereof. When the cells
are in good condition the density of the solution denotes the state of charge thereof.
The readings for various conditions of charge are 1,300, 1,225, and 1,150 for full, half,
and no charge respectively. In taking readings, to prevent the hydrometer sticking to
the side of the barrel, it should be held in a vertical position, the being taken at
the surface of the electrolyte when there is mo compression on the . In reading
the gravity of the different cells, it is customary to begin with the cell at the positive
end. When readings have been taken be careful to reflsee the electrolyte into the
same cell from which it was taken. Failure to do this often leads to trouble, that is,
electrolyte is often taken out of one cell, the gravity noted and the electrolyte put back
into another cell. The result is that the amount of electrolyte taken out of the first
cell is eventually replaced with water, leaving the electrolyte weaker; whereas the elec-
trolyte which was taken out and put into another cell would make the electrolyte of that
cell stronger. resulting in irregularity in the different cells.
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When the car comes from the manufacturer, the storage bat-
tery will be filled with electricity, and it must be kept charged.
If a dynamo be provided on the car, this may serve to charge
the battery whenever the carisin use. Unless such a generator be
supplied, it will be necessary to periodically recharge the battery.

Batteries designed solely for ignition or lighting are not
capable of taking care of the sudden and large demand for cur-
rent to operate a starter.

F1G. 4,027.—Holtzer-Cabot lighting magneto as installed on model T Ford car. It must be
driven from the fan pulley. special fan with magneto pulley is furnished with the
magneto. The battery is mounted under rear seat on right side; the usual running
mounting is not recommended. A 60 ampere hour storage battery, if fully charged, will
operate the side and tail lamps (6 candle power total) for- agproxnnately 50 hours, or the
head and tail lamps (34 candle power) for approximately 10 hours. Turn off head lights
when car is standing.

Ques. What is the principal difference in storage bat-
teries intended for ignition, lighting, and starting?

Ans. Capacity.

The ignition battery is inapplicable to either lighting or starting duty.
Just as the lighting battery lacks capacity for starting purposes, so does
the one used for ignition purposes, only that the latter is-lacking in a
greater degree than the former.
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The construction of the ignition battery prohibits its use for
starting purposes; however, there is little difference in the con-
struction of lighting and starting batteries, hence a large
lighting battery may be used for starting.

Choice of Voltage.—In designing starters there are several
conditions to be considered in detenmmng what voltage shall
be used, especially as the starter problem is somewhat different

HEAD LAMPS
GROUNDED

FiGs, 4.028 and 4,029.—Holtzer-Cabot lighting magneto outfit installation, views showing
Tocation of switch, ammeter, cut out and their . 4,028, one wire system
as applied to double bulb or turn down_head lamps: fig. 4.229.twown'e system, suitable
also as a general guide for motor boat wiring.

from the ignition and lighting requirements as to voltage, and
one battery is generally employed for all.

The pressure used on the different lighting and ignition
systems is six volts, and were it not for the problem of cranking,
there probably would not be any reason to change.

.. NOTE.—The_essential requirement for rapid is
T L e gl S s W e s, P s

replace-one, the effective area is doubled. In practice this doul of area
bythereductwnmtlncknessofplate,mordertokeepthesmo(thnbatmynboutthem
as before. It also has an important n the discharge rate which may be obtained
ﬁomabatteryandalsothecspmtyorl ofumethatthebatwrywillm this discharge.
The gain is due to th e shortening of the distance which the electrolyte has to travel to reach
the center ottheplau.
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Ques. What is the advantage of low voltage? !

Ans. The circuits are easily protected from electrical leakage.
Low pressure lamps are manufactured with less difficulty than
those designed for higher pressure. :

Voltage of Units.—The weight of six volt batteries is less
~ than that of the thher voltage type. Were it not for these con-
sider yuld be desiened for hieh

as they are smaller and consequently lighter. High voltage for
the motor does not necessarily mean high voltage for the dynamo
and lights.

There are three general combinations:

1. All one voltage, either 6, 12, 16, or 18 volts;

2. Generating and starting at 12, 16, or 18 volts, and lighting
at 6, 8, and 16 volts respectively.

3. Generating and lighting at 6 volts, and starting at 24 or
* 80 volts.
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One Unit Systems.—The term ‘‘one unit” as applied to an
electric starting system means that there is a motor and dynamo
combined in one machine, or motor dynamo, as it is called, the
dynamo furnishing current for the starter, .and for charging
the storage battery.

F1G. 4,031.—Wiring diagram of Deaco single unit starting and lighting system. Heavy lines
indicate No. 4 i3 &ggl.i stranded cable. Medium lines from motor %;e‘nerator and starting
switch to combination snap switch and terminal junction indicate No. 10 B. & S, gauge
duplex wire. Fine lines in lamp circuit indicate No. 12 B. & S. gauge duplex wire.

NOTE.—An example of the one unit arrangement is the Electro system, which has a
combined motor and dynamo, the latter furnishing current for starting ignition and lighting.
It is necessary to arrange the motor with a short driving shaft integral with the motor case,
driven either through the timing gears or silent chain and cqnnectl% to the starter with an
Oldham coupling, The motor dynamo is always in operation. turning below 380
revolutions per minute it is a motor, and when turning above that rate, a dynamo. The com- |
pound differential winding takes care of the output from the generator. No discriminating
cut out or reverse current circuit breaker is provided to disconnect the battery from the motor
dynamo entirely at very low speeds. Instead of this, the ignition switch breaks the line between
the battery and generator when the engine is stopped by cuttl%%eoﬁ the ignition. The system '
operates on 24 volts, but charges the battery at six volts. amperage drawn by the 24
volt motor when turning over the gasoline engine varies with the size of the motor as in all |
systems. The gear reduction between the motor dynamo and the engine is twenty-five to one |
when starting but changes automatically to a direct drive when the engine starts running.
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In classifying a system as having one or more units, it means
that the apparatus provided for generating the current and the
motor for starting the engine consists of one or more parts.

Thus, as just stated, in the one unit system there is a combi-
nation dynamo and motor forming one machine, or ‘‘one unit.”

Two Unit Systems.—This classification indicates that the
motor and dynamo are separate units, as distinguished from the

FIG. 4,042.—Entz single unit starting and lighting system. . View showing mounting of motot
generator on en‘:gne and so called nlenlzggham d)l'_.!lw.

ohe unit system in which they are combined. There is another
system, ill advisedly called two unit, consisting of a motor dynamo,
and a magneto. The reason for this confusion is because some
dynamos are arranged to furnish current for ignition when not
charging.the battery, thus ignition has to be considered in the
classification to distinguish the last mentioned system from the
arrangement of three independent wunits.

The Westinghouse system is an example of the first mentioned class
of two unit systems in which the cranking motor-and dynamo are
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separate machines. The latter not only charges the storage battery
but also furnishes direct a supply of current for ignition. The dynamo
is of the slow speed type and turns at crank shaft speed on four cylinder
‘engines and 114 crank shaft speed on six cylinder engines.

The battery circuit is cut in above 10 miles an hour and is cut out
below 7 miles per hour. This difference prevents the switch cutting
in and cutting out continuously when the speed of the car is at one
particular point.

F1G. 4,045.—Wagner dynamo of two unit starting and lighting system. The drive is througha
train of gear or equivalent. The windings and internal connections are of such character
that no regulating devices are required except a cut out. In construction, the commu-
tator E and brushes F, G, H, and I, are located under the cover which in this cut
removed. The brushes H and I collect the current from the commutator and furnish thi
current for charging the battery through the cut out K. The brushes Fand G coll
current from the commutator and furnish this current for exciting the fields. The

of

out K is shown in detail in fig. 4,046.

g akk

A feature of the Westinghouse system is that the output
generator varies with the load. When the lamps are switched on,
output of the dynamo becomes great enough'to take care of the ad

3
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P1G. 4,046 — er cut out of two unit starti andl hting system. It consists of two
magnet coils L reN, which attr

and M, wound on an iron core N, which attracts and repels an iron lever O.
At the end of O are two main contact points P and Q at which the contact between the
dynamo and battery is made and broken. There are also supplied two auxiliary contact
points R and S which are for the pi of minimizing spar! at the main contact
m}: P and The coil M ealled e shunt coil is connected directly across the two
es H ane I and therefore the full Ivnamo voltage is impressed across the ends of
this coil. The coil L, called the series cm connected in series with the battery a.nd
a o and t.herefore this coil carries the charging current when the battery is being
. In operation, when the engine is started, the dynamo is driven by the engine

and 1t, therefore, increases and decreases in speed thh the engine. When the engine
is speeded up, the dynamo follows with corresponding increase in speed and the voltase
of the dynamo rises as the speed increases. As soon as the dynamo voltage gets to a
point above the voltage of the battery, which is appronmatel six volts, the M pulls
the iron lever O toward the magnet core, thereby closing the contact at the points P
and Q-R and S. Aasoonasthxscontactxsmade.thed 0 is connec to the
battefy and a_charging current will flow from the d; 0 to the battery through the
L, which 1s in series with the dynamo and g:ttery. The dynamo continues to
chatge as long as these contact points P and Q-R and S remain together, but when the
e speed 18 decreased, so that the dynamo volta? falls below the battegr volm

the battery wnll d:scharge through the dynamo and therefore through the coil L
discharge current, being in the oi)posn:e direction from the charging current, will neu-
tralize the effect of coil M and allow the spring T to pull lever O away from the magnet
eore, thereby o%enmg the contact at the points P and Q-R and S. As soon as these con-
tacts open. the battery is off charge. The engine speed at which this (relay closes cor-

to a car speed of 7 to 10 miles per hour.
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load. This is accomplished by having the battery current go through
a series field on its way to the lamps, thus assisting instead of bucking
or neutralizing the shunt field.

The reduction between the motor and the engine varies between
ten to one and twenty-two to one. The amperage on the jump or when
the starting switch 1s thrown in depends on the resistance OFposed
to revolving the engine, but will in the average case of a large four or
small six cylinder motor be 200 on the jump and about 80 for a running
amperage. The motor is series wound and is geperally geared to the
fly wheel; it is operated by a switch which throws the gears into engage-
ment for starting, by first meshing them and then spinning the engine.
The motor is automatically thrown out of engagement when the engine
operates under its own power.

” Jlorting Moter

Jtarting Swilch
+9 \lomq
1
=,‘l? Flywhee!
! Ba
F1Gs. 4,048 and 4,049.—Diagrams of Westinghouse electrical and hanical cc tions of
double reduction motor and switch for automatic screw pinion shaft. Pig. 4,048, with

. hand or foot operated starting switch; fig. 4,049, with electro magnetically operated
- starting switch controlled by push button. In the figures, when the starting switch is
closed, the full battery voltage is impressed on the motor, and 1t starts immediately.
The pinion, when the motor is at rest, 18 within the screw shift housing and entirely away
from the flywheel gear. The threaded shaft is connected to the reduction gear shaft by
a which thus forms a flexible coupling. As the load is not large enough to com-
press the spring when the motor starts, the threaded shaft is immediately revolved by
spring in released position. The pinion moves out on its shaft by virtue of the re-
volving t! , until it reaches the flywheel. If the teeth of the pinion and flywheel
meet instead of meshing, the spring allows the pinion to revolve until it meshes with the
flywheel. When the pinion is fully meshed into the flywheel teeth, the spring compresses
and the pinion is then revolved by the motor as through a continuous :gat‘t. turning the
engine over. When the engine fires and the flywheel peripheral speed continuously
exceeds that of the driving pinion, it forces the latter out of mesh, and it is returned to
its original position in the screw shaft housing. During the periods immediately after
the engine has passed over any one of the points of maximum compression, the spring
offers an elastic cushion between the flywheel and the reduction gear so that)the pinion
will not be thrown out of mesh.
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The “Aplco” is a so called two unit system in which the motor aand
the dynamo are contained in one unit angsthe magneto forms the second
unit. The make of the magneto is optional and is separate and dis-
tinct from the lighting and cranking systems.

A widely different voltage is used in the cranking motor and the
ynamo. The former operates at 24 volts (except in one instance,
where 30 volts are used), while the latter operates at 614 volts.

The dynamo is of the low speed type, being driven at crank shaft
speed by chain or any other suitable means. It furnishes current
for the battery above a car speed of eight miles an hour and charges
the battery until it becomes fully charged, when it is automatically
switched off, and does not charge the battery again until the latter
g:'ctops below a point which can be fixed to suit the ideas of the manu-

urer.

A discriminating circuit breaker or reverse current cut out operates
when the voltage of the dynamo drops below that of the battery. The
24 volt series motor acts through a reduction gear of 40 to 1 between
motor and engine.

Three Unit Systems.—This division comprises those sys-
tems which have a motor, dynamo, and magneto each separate.
Here, each unit has a single function and is only electrically
associated with the rest of the apparatus in the system. Thus,
the dynamo supplies current for charging the battery, which in
turn delivers current to the motor and ignition system at start-
ing, and also to the lighting system, the magneto furnishing
current for the ignition system, when the engine is running.

In the manufacture of three unit systems, some make the
entire outfit, others manufacturing only motor and dynamo, -
leaving it optional as to the make of magneto employed.

-

NOTE.—The following description of the Disco will serve as an example of the three
unit system. The motor and dynamo are both of the same size, each dﬂ)emtmg at 12 volts.
The aluminum cases are interchangeable for each unit, the entire erence being in the
windings, which are simple series on the motor and compound on the dynamo. The dynamo
does not come into action until the speed of the engine has reached the point at which the car
is trav seven miles per hour. Below this point a cut out switch prevents a:{ connection
between the battery and the dynamo, and eliminates any possibility of a discharge
to the generator. ow seven miles an hour the lighting current 1s drawn from the battery,
which may be in any size desired over an 80 ampere hour capacity, The upper limit to

point is about 25 miles an hour. Above this the dynamo is cut out and has no
cennection with the storage batteg'. The motor generally 18 mounted 8o a3 to drive through
teeth cut on the periphery on the flywheel, or it may be mounted on the one end of the engine
or the gear set. A roller clutch is used which cuts out the motor as soon as the engine starts.
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The term three unit system applies only to “starting, lighting
and ignition systems,” as distinguished from “starting and
lighting systems.”

To Battery, 8-
Fav
i e Regulating Screw
Regulating Contects Woltoge Regu n{
L —

JSeries Compensaling.Coil

- Shunt
seling

Regulator Shunt Colt
or Shunt field

Commulotor—_, »~

-4 At
S — L ! )___J
\

).
Brushe.

PF1G. 4,050.—Diagram of connections of Westinghouse dynamo with self-contained regulator.
The regulator performs two functions: 1, that of a cut out, and 2, that of a.voltage regulatot.
Each function is performed by its individual element but the operation of the seoond
function depends upon that of the first. When the dynamo is being operated at a
speed below the predetermined “cut in” speed, the contacts of the cut out are open, and
vice versa. The cut in s varies from five to ten miles per hour on high gear, m

e
regularly

upon the gear ratio and wheel diameter of the car. For voltage regulation,
fields of the dynamo are so designed that a voltage in excess of normal would be
generated when dynamo is operated at lugh and no load. This excess yoltage @
ted and the vol is held constant tge e automatic voltage regulator. When the
w cut in speed, tor, contacts are closed, and remain
is fixed

is operating > el
till there is a voltage in excess of the termined value. This v
by the setting of the vol tmtgm ‘When, due to increased speed of dynamo,
the voltage tends to exceed the value for which the regulator is set, the regulating contact
open, opening the direct shunt field circuit and cutting in the regulating resistance. This

causes a momentary drop in voltage so that the contacts close again.  Thi ing and
closing of the contacts is repeated so rapidly as to be imperceptible to the eye, and holds

the voltage constant.
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FI(S. 4,051 to 4,053 —Therma.l method of
I.AADS b self-r n in the Rushmore
hghtmg system. " As a current of constant
volum: is dwrged :':d followg that self-
egulation must be produced by change in
the volume of current rather than in the
voltage. The first clue to the eolutxon of
the problem was found in a
erty by iron, of increasing greaﬂyme]ec—
trical ~resistance at a certain critical
temperature, just below the red heat.
Below this “critical” point the resistance
is practically constant. At and beyoand
the critical temperature, the resistance
increases enormously with each degree of
temperature increase. Starting from this
roxpe'rty of iron, t.he next thmg
was m employ it eoﬂ'ectly. The primitive
method would have been to insert a thin
coil of iron wire directly in the cu'cmtand
' simply waste the surplus energy at her
speeds in heat as shown in fig. 4,05
?&'&1."75‘ o besides eseasitating & impecect
ion, cs necessi
and clumsy machine, since the ahunm
wing would receive the full wvol
norm to the speed at a,ny moment.
keep down the strength of the current in thes
lbmtﬁddeoﬂonetermmalofthehbmmwbeeonnectedbey d the iron **
coil instead of between that and the armature and the ‘‘ballast” coil as in fig. 4,062. Wxt.h
this amngemen;t bet:'e:'n resuml}tge are obtamw;d btrntgh m ﬁelgr excitation mct Daiy buclnng
an excessive Vo genera' S 0.countera a
coil is added, as shown in ﬁa 4,053, which reduces the field excitation.
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Methods of Control.—In any electric system where there is
a dynamo and a storage battery, two control elements are neces-
sary for the proper working of the system:

. 4,054.—Ward Liviaiu ac oo oo vussui oo .. ~utomatically regulating the charging of
the battery. When the car speed becomes appxoximatel'zeseven mml.lge ﬁler hour, the
dynamo armature will give a voltage sufficient to charge batteries. e circuit be-
tween the dynamo and the batteries is normally open, but when the voltage of the dynamo
becomes proper for charging, the coil A on the magnet core B, magnetizes the core
sufficiently to attract the arm C. This arm moves toward the core B and thus two spark
proof pbints D D’ are brought ether, establishing the circuit between the battery
and the dynamo, and the dynamo begins to charge the batteries. In a dynamo the d:
namo voltage increases with the unless a method of controlling it be adopted. TK:
dynamo should charge at about seven miles Gger hour, but it is desirable that when the
car runs at a muchrilgher speed, as 15 to 60 miles per hour, the di'namo voltage shall
not increage. If allowed to increase, such an excessive dynamo voltage would tend to
cause sparking at the brushes, excess current and eonse%uent trouble at the commutator
and excessive wear and heating of the bearings. It would also cause an excessive amount
of current to flow through the battery. To prevent this, the strength of the dynamo
field, and consequentl: ugle output of the dynamo, is made dependent on the touching
of the two points B E’. The coil F on the magnet core G carries the armature current,
and if this current become a certain amount (usually in practice 10 amperes) the core
beoomes sufficiently magnetized to attract the finger H. This separates the contacts
B B’ and a resistance is inserted in the field circuit, weakening it. This causes the
amperes flowing through the battery to decrease. When the current decreases to a pre-
determined amount (say 9 amperes), the coil F does not magnetize the core G eno:
to overcome the pull of the spring J. The spnngg] pulls together the points E E’, the
full field strength is restored and the current tends to increase. Under operating condi-
tions, the finger H vibrates so rapidly as to keep the current constant. As a result the
dynamo will never charge above a etermined amount (10 amperes), no matter how

the speed of the car, but at speeds greater than a predetermined speed (about

miles per hour in practice), the dynamo will charge at a varying rate, which has a

maximum of 10 amperes and a minimum of 9 amperes. In case the engine speed become

80 low that the dynamo cannot charge the battery, the magnetism caused by the coil A

is weakened so that the spring K pulls the contacts bD’ apart. Thus the circuit between

the dynamo and battery is opened when the dynamo speed is too low for the dynamo to
charge. The auxiliary series coil L on core B acts to insure the perfect demagnetization
the core B on reversal of current.

-

2
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1. Means for preventing reversal of current when the dynamo
is charging the battery;
2. Means for limiting the dynamo voltage.

Ques. When dynamo is charging the battery and the
engine is slowed down, what happens?

Ans. Reducing the speed reduces the pressure induced in
the dynamo armature, hence, in slowing down beyond a certain

10
”0
1
]
9 —
“e— -2
— I2 12
PG, 4.055—Dmgmm wing circuit tion of Rushmore dynamo with automatic
cut out. Themcuonofthecutoutushownonﬁg 4056 The shunt field coil
is connected beyond the ballast coil so that it recei at all times at the constant
volhge of the battery, and another wmdmgmnddedtothe ﬁeld. This is what electricians
“bucking”’ co thatxsa.conlsoconnected o:cthemamshuntﬁeldeoﬂ.
buclnngoolltheeﬁectofwhxchmw d itation, is

a8 shunt across the iron ballast coil. Its resistance is eonsnderably greater than that o!
coil when the latter i m cold or onl warm, so that at low ‘rli@
tically all of the current generated rectly to the battery an lamps an
machine acts as a simple unhampered shunt dynamo However, the iron wire will
only a certain number of ampere to pass, after which it suddenly increases in renmmae.
8o that any excess current cannot pass, but must go through the field bucking coil which
thus, only at high comes mto action and chokes down the dynamo excitation,
It will thus be seen that the output of the dynamo may be adjusted to any value desired
ly employing an iron wire of suitable diameter in the ballast coil. = At car speeds
below f& miles an hour, the dynamo acts as a simple uncontrolled shunt wound machine,
while at the higher speeds, owing to the counter effect of the bucking coil, the resultant
excitation is less than the excitation due to the main shunt field coil alone. In order
to keep the current in the main shunt field coil as nearly constant as possible, it is con-
nected at a eei)omt beyond the ballast coil instead of directly across the brushes; then it
does not feel the fluctuations of voltage at the brushes. The effect of controlling the
bucking coil by the current output is to produce an approximately constant current at
the higher speeds. The voltage is determined by the storage battery, and is simply the
voltage required to force the specified current against the reverse pressure, plus the small
internal resistance of the battery. Assuming the battery to be in good condition, the
dynamo voltage will be slightly in excess of the open circuit voltage of the battery, from
about 63 to 634 volts, depending upon the state of charge. The battery is necessary
to control the voltage of any automobile lighting dynamo, and must never be discon-
nected therefrom while the dynamo is in use.
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point, the pressure induced in the armature will become less
than the battery pressure against which it must force the cur-
rent in charging, and accordingly, unless some automatic device
be provided to break the circuit when such condition obtains,
the current will reverse and flow out of the battery.

Ques. What is the automatic device called?

P1G. 4,056.—Automatic cut out as used for Rushmore electric car lighting system.

Ans. It is properly called a discriminating cut out or reverse
current circuit breaker, and erronecously a relay.

Ques. Describe a discriminating cut out.

Ans. It consists of an electromagnet connected in the dy-
namo circuit, which, when the dynamo generates sufficient
pressure to charge the battery, will attract an armature and
close the circuit between the dynamo and battery, and which
will also open the circuit when the battery pressure becomes
greater than that induced in the dynamo.
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Ques. What requirement is essential in charging a
battery?

Ans. The voltage of the dynamo must not exceed a certain
maximum, so that the charging rates do not become higher than
that proper for the battery.

Ques. How is this condition obtained?
Ans. By automatic regulation of the dynamo voltage.

P16, 4,067.—Rush . wire; illustration
full size. .

There are several ways of effecting this reguldtion:
1. Mechankally; n

2. Electrically;

3. Thermally.

These several methods are illustrated in the accompanying cuts.

An example of mechanical control is the Gray & Davis system,
where a clutch and centrifugal governor are used.

The Ward-Leonard has electromagnet control, and in the Westing-
house there are two electrical fields, which oppose one another as the
speed of the dynamo increases.

The Rushmore system furnishes an example of thermal control.
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CHAPTER LXXVII
ELECTRIC VEHICLES

. The term electric vehicle, is generally applied to a great variety
of either passenger or freight carrying machines which are pro-
pelled by electric energy supplied usually from storage batter-
ies, and in some cases from dynamos direct connected to gas
engines; the latter type, however, does not include gas electric
combinations used on some electric railroads. a
The principal types of electric vehicle whié:h are commercially suc-
cessful at the present time are:
1. Electric automobiles, represented by various types of roadster,
coupe, pheton, cab, etc., suitable for the use of physicians, business

men and others, in city service. .
2. Electric trucks and vans for moving merchandise, and for deliver-

ing purposes. . )

3. Gasoline-electric trucks, which regrsent an attempt to overcome
the lack of flexibility of internal combustion engine by combining it
with a dynamo and storage battery.

Electricity as a Motive Power.—Vehicles propelled by
electric motors, whose energy is derived from secondary bat-
teries, are preferred by some on account of the combined advan-
tages in point of cleanliness, safety and ease of manipulation.
When well constructed and well cared for, they are also less
liable to get out of order from ordinary causes. Among their
disadvantages, however, may be mentioned the fact that the
storage battery must be periodically recharged from some
primary electrical source, which fact greatly reduces their sphere
of efficient operation.
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Since electric vehicles are not the prevailing type, charging stations
are in some localities few and far between which would make it impos-
sible under these conditions to make an extended tour from the
of supplies. This difficulty cannot be overcome 11):{ carrying an extra
battery since the additional weight would curtail the speed and carry-
'm% power of the vehicle. .

t is impracticable to propel a vehicle by a battery of primary cell,
since such a battery of sufficient power would have little, if any, ad-
vantage in point of endurance over secondary cells, and when once
exhausted must be entirely replaced.

Light Electric Vehicles.—These are of various types, such
as roadsters, victorias, phatons, runabouts and coupes, and are

FIG. 4,058.—Baker electric roadster. The general specifications are as follows: fra.me.,tgresedl
steel; wheel base, 88 ins.; tread, 50 ins.; steering mechanism, two types, one with wheel
steer, the other with lever steer; controller, continuous torque type, six s forward
and three reverse; springs, semi-elliptic and full elliptic rear; battery, 34 cells, 13 MV
thin plate Exide, standard; tires, 32)X4 special electric pneumatic front and rear or 34X4
cushion front and rear; brakes, two sets of internal expanding on rear wheels, operated
mlgzgendentl by two foot pedals; body aluminum, with side doors, open top, nickel and

metal finishings throaghout; painting, body black, blue, green, or maroon 1s,
striping to match; upholstcry, blue, green, or maroon leathers, or imported broadcloths,
standard; fenders, full skirtcd metal curved fenders; equipment, two head lamps, two
side lamps, amp, side an rm curtains; volt ammeter and s ometer,
de 1 tail 1 d d storm curtai rol ter and shaft odometer, full
kit of tools, special adjustable clear vision wind shield, electric horn.

equipped with batteries which have a capacity ranging from 75 to
100 miles per charge, with controller arrangements for providing
speeds varying from 6 to 25 miles per hour. In these cases the
number of cell in each battery may vary from10to '30-according
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to the make and number of.p]ate in each cell. The number of
plate in each cell may vary to suit special conditions.

Electric Trucks for City Service.—Under certain traffic con-
ditions and surface requirements, the superior mobility of the
gasoline engine truck effects a saving in drivers sufficient to com-
pensate for the higher maintenance charges, but when the number

F10. 4,059.—View of front ?omon of electric truck showing electric winch which provides
mechanical means for Ilarﬁ or unloading, conseqnentl reducing the time necessary
for this periormance, in the case of bulky and heavy articles, thus in ‘some
instances increasing the tal utxhty the machine and operator.

of active truck is the same in each case, the electric truck is
sometimes the more economical.

The gasoline engine truck has the advantage in all classes of service

uiring a greater mileage than that which is conveniently obtainable
with the electric truck, but the greater portion of city delivery service
is well within the limits of the safe operative mileage radius| of the
electric truck built at the present time.
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Gasoline-Electric Vehicles.—The principal disadvantage of
the gas engine for self-propelled vehicles is its lack of flexibility;
while on the other hand, the principal disadvantage of the
electric vehicle operated by means of storage batteries is its
lack of mobility. It is evident that the short coming in each
case can be overcome only by combining the gas engine with a
dynamo connected to a storage battery, for supplying the power
required by the electric motors.

|

F1G. 4,061.—Interior Waverly front and rear drive electric brc The arrange-
ment of this type of electric duplicates that of the Waverly front drive four with the
addition of separate steering and controlling levers, and a separate set of brake pedal at
the left of the rear seat. The car in this way gains the advantage of dual driving systems,
a feature sometimes desired.

Such a combination will operate at practically constant sFeed at all
loads, as the dynamo with the storage battery serves to furnish the
necessary overload, or consumes that portion of the energy which is
not needed. Furthermore, the transmission will be entirely electrical
and will possess the simplicity and flexibility of electric control; while
the use of a motor will allow the attainment of various speeds by series-
parallel combinations.

Vehicles of this type are built in the form of omnibuses, surface cars
and trucks for city service and freight and passenger cars for interurban
railway service. The arrangement appears better adapted to the latter
service, than for propelling pleasure vehicles.
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Electric Vehicle Essentials.—The three essential features
which convert a vehicle into an electric automobile are. the
battery, the motor and the system of transmitting power from
the motor to the propelling wheels.

In order to move a body from one point to another, it is
necessary to apply power to overcome the various opposing
forces that always exist. In putting any body, say a carriage,
into motion, the effect of its weight, called inertia, opposes the
force producing the motion. Inertia requires an application of

| 5 BEH e

PGS, 4,063 and 4,064.—Waverly alternative seating arrangements.

force directly proportional to the rate at which the vehicle is
accelerated. Besides this, there are several forces which are
active not only on starting and increasing the speed, but when
a uniform motion has been attained. These forces are: 1, wind
pressure; 2, internal friction of tires; 3, losses in the various
moving parts; 4, electrical losses in battery; 5, electrical
losses in wiring and motor; 6, gravity in ascending hills.

All these forces which are met when the vehicle is under motion
absorb more or less power, and, as in an electric machine the quantity
of energy that can be stored is limited, it is of the greatest importance
that the designing engineer should bear in mind the vital necessity of
cutting down these opposing forces as much as‘he possibly‘can!



2,822 HAWKINS ELECTRICITY

Wind Pressure.—The resistance of the air encountered by a
vehicle at normal speed is not a very serious matter, but with
an increase of speed or with a head wind, the loss becomes quite
large and racing cars are built with the idea in view of reducing
the area exposed to the wind and so shaping the exposed parts
that the machine will cut its way through with the smallest
amount of retardation.

P1G. 4,085.—Weston volt ammeter of the type used on electric vehicles. In some types, the
index is side by side instead of end to end.

Tire Friction.—The most important loss, perhaps, and one
that is least understood is the effect of tires.

It is clear that the portion of any tire which is in contact with the
earth must be flattened, but in order to do this, not only must some
other parts of the outer surface of the tire assume a deformed sha,
by creeping, but there must be a change in the relative position of the
internal particles. If the tire be a double tube, pneumatic, the inner
tube will rub against the casing and the casing will have more or less
play against its fastening.

In every pneumatic tire, besides the rubber composition there must
be a certain amount of tough cotton fabric which gives the entire struc-
ture its strength. In most tires of standard make this material is in-
serted in the shape of canvas fairly closely woven and quite stiff. In these
tires the elasticity of the rubber is restrained-and controlled by this



ELECTRIC VEHICLES 2,823

cloth, and it is readily seen that there is but little of the power of flat-
tening or adapting itself to the road that would oe possible by the
same tire were rubber used alone. .

Thread and cord fabric tires have been developed with the intention
of retaining the strength of the cotton and at the same time permit of
more freedom of motion than canvas will allow. The idea is to use
independent threads or cords and surround them with rubber. The one
layer of such threads being wound in the direction of the thread on a
right hand screw and the next layer at right angles to these. The
action of all the threads will then resemble very much a strip of loosely
woven cloth cut bias.

Fi16. 4,086.—Interior of Borland electric. The driving seat is tilted forward to show the means

of ready access to controller through the box-like base beneath the seat.

There are losses in the electric moter, controller and wiring which in
importance rank next to tire losses; besides the design of the motor
should be such that outside of the question of its own efficiency its
propelling power should be so regulated that the maximum distance
may be covered on a single charge.

In the design of electric vehicle the object of .the builders should be
to attain the greatest possible mileage consistent with durability; also
lightness, combined with strength and efficiency in every part. To
this end manganese bronze, aluminum, seamless tubing and drop-
forged steel are the materials that are largely used. ’
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Motors for Electric Vehicles.—These are of the enclosed
type of construction, which of necessity they must be, in order
to protect them from dust, etc., in their exposed positions under
the car. They are designed for heavy overloads.

— 18271

- 14350
— 54250
— 14480

14481
Cc
10320

— 7076

F1G. 4,067.—Rauch and Lang electric vehicle motor. Instructions for care of motos:

The two oil covers lead to the ball bearings in the motor yokes. A grade of hght
:ﬁlmder oil is recommended for these bearings. The commutator, 10,320, should be at

times kept clean, free from an; 131' gummy or gntt substance. The carbon brushes 7,076
should make perfect contact with the surface of the commutator and should be replaced
with new ones when worn out. These brushes are originally l% mcheo long and should
be replaced with new ones as soon as the ement is 14 It is
safer to replace these brushes often, rather than allow them to beoome too short. Very
serious damage may result from using brushes that are too short or ones that make poor
contact with the commutator. Brushes that are too short or tlmt are mAkmg poor contact

.

will pit, burn and blacken the surface of the c« t. of brushes should
be made only by an ex eneed person. ’l‘hemotorleadsareleadoutofmowrthmngh
insulated holes. These letteredJ,HBASEanchomspondtoﬂmletmeon-

tacts on the controller mto whxch they are connected. The motor brake may be adjusted
for wear by means of the winged nut 14,350. Clearance between brake jaws and wheel
may be adjusted by means of the screw 14 ,271. To remove brake wheel from armature
shaft, take the & screw C out of the cap 14,481, A 34 inch, 12 pitch bolt, 3 inches or
longer. or a cap screw may then be screwed through the threads in the cap and ugeng:.mt
:hke t%nd of tt!‘:e armature shaft., Continue to turn this screw and the pulley will

e shaf

When a vehicle is started or its speed increased, a certain
amount of energy is absorbed to produce this acceleration. The
total amount of energy required is in proportion to the total
weight and to the square of the velocity, so that to double the
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weight of a vehicle means doubling the power required for start~
ing, and doubling the velocity means four times the power.
Accordingly, to meet these conditions, especially when starting
under severe conditions, as on a sandy road, or in ascending a
hill, the electric vehicle motor is constructed for a 200% or
more overload.

As stated by one manufacturer, a motor for a two passenger runabout
rated at 2)4 horse power consumes 6,800 watts in ascending an 11 per

F1G. 4,068.—Waverly 80 volt motor. In conetruction it is series wound medium epeed.
Tl'warmaturerotateaonballbearings; four poles are

cent. grade at 7 miles per hour, although no more than 360 watts are

required to ’Iglxl'opel the vehicle on an even asphalt roadway at 814 miles

hour. ese figures represent an effective power range of between
horse power and over 9 horse power.

There seems to be some uncertainty as to the precise power rating
of vehicle motors, but, as a matter of fact, they are wound to develop
the highest constant power output at the highest voltage used, with a
high overload capacify for short spurts, as in hill climbing, etc.

Ques. What objectionable feature should be avoided
in electric vehicle design?

Ans. Very quick acceleration, because a vehicle. constructed
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with this feature, not only gives the passenger an unpleasant
jerk, but puts a heavy overdraft on the battery.

Ques. What are the considerations with respect to
friction in the bearings?

Ans. Since the amount of power lost by friction in the
bearings requires that much more power to be carried by the
vehicle, in order to attain the desired mileage or speed, it is
very essential to reduce frictional losses to a minimum by using
approved forms of ball and roller bearing.

G. 4,069.—Diagram of a single motor attached to rear axle through * ernnﬁ bone’ single

B reducing gears. A, is the left hand section of the divided rear axle; B, the right hand
section of the rear axle; C, the brake drum; D, the spiral pinion on the motor shaft
driving the worm gear, 1, on the differential; E, plug for greasing gears; F, set screw f
locking ball race; G, slot for wrench to adjust threaded ring, H, against ball bearings,

The Drive or Transmission.—Because of the relatively
high speed of the motor as compared with that of the rear
wheels of the car, a system of gearing is necessary between the
motor and rear axle to obtain the necessary velocity reduction.
Moreover, in some cases, other gears must be provided so that
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the power may be applied to the rear shaft when the motor
shaft and rear shaft are at right angles to each other.

There are several forms of drive, as by

1. Herringbone gear;

2. Chain gear;

3. Worm gear.

F1G. 4,070.—Waverly double reduction gear or combination herringbone gear and *silent®
chain. In construction the motor shaft is parallel to the intermediate or jack shaft
and drive shaft. Two universal joints are used, so as to give freedom of motion in any direc-
tion. The motor weight is above the springs. The first reduction is by the silent chain
en%l]c:se;lxlm a casing at end of motor; the second reduction is through the herringbone gear
in the axle.

Herringbone Drive.—This type of drive gear is extensively
used.

The method of attaching a single motor to the rear axle through her-
ringbone single reducing gears is shown in fig, 4,069. A and B, are the.
two sections of the divided rear axle. The spiral pinion D on the
motor shaft drives the worm gear I, on the differential. C represents
the brake drum; E, the plug for greasing gears; F, the set screw for
lockirif ball race; and G, the slot for wrench for adjusting threaded
ring H, against the ball bearings.
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The advantages of this sort of drive are its freedom from noise, its
simplicity and durability owing to the parts being enclosed.
Chain Drive.—This form of drive is desirable for heavy service,
as on very large trucks. It is a noisy and dirty mode of power
transmission, and when not enclosed is subject to rapid wear.

In chain drives there is more or less elongation of the chain due to
the wear of the rivets and bearings or to stretch of the material. To
guardagmnstthe latter, chain makers use special material of high

Fics. 4,071 and 4,072.—Diagrams showing the behavior of a chain ona oprocketof equal pitch,
and on one of properly unequal pitch. The following quotation from an ngllah uut.g‘
explains the action: “A chain can never be in true pitch with its sprocket. pau-ot‘cput
gears tend, to neertmnextent t«owearmtoagoodrunnmxﬁtwntheuchother,but a
chain, if made to fit its sprocket when new, does not continue do to 8o a moment after

made.uwmatoneethrowsxtout. ’I’hmbemaso, it must be put up with, and in-
volves the consequence that a chain can only drive with one tooth at & time, supple-
mented tﬂr any frictional ‘bxte' the other links may have on the base of the tooth inter-
chain be made to fit these accurately tnhng roller cham for illustration),

ltmobkusthntthaleaststretchmlleausethe to begin to ride on the teeth

as at BB. If, however, the teeth be made narrow cbmpmd with the spaces between the
rollers, a considerable ‘stretch may occur without this taking place. The mller inter-
spaces, then, should be long, topetmlttheteethtohavemepla them, while re-

taining sufficient strength, as shown in fig. 4,072. In order that e
a.xreeeweeachmcounnghnkofthe chain without its having to slide up thetoothf
be of a hat longer pitch than its chain, the result being that theboteom
tooth takes the dnve, this bemg permitted by the tooth play shown in fig. 4,072. This
difference, of course, 'grad disappears as the chain stretches. The back wheel mestockc
on the other hand, ouldtaket.hednvevnthlts most tooth, and hence sh dbeof
ahghtly less pitch than the chain, but as the pitch of the latter eonstuntly increases, it may

y of the same pitch. The only remainjng point with to design, and one
wlnch the owner of a car nmy easily ensum. is that e number of teeth in the sprockets
ahouldbepnmet«othato the links in the chain.”

tensile strength, but if, for any reason, a link elongates unduly, it should
be replaced at once, as one long link will eventually ruin a chain. Such
elongation sometimes results from a sudden apphcatlon of the load.

To prevent undue interference between the chain and sprocket as
the result of elongation, the sprockets are not cut to fit the chain accu-
rately but with a certain amount of pitch line clearance.

Ques. State a very objectionable feature of chain drives?
Ans. The chain sometimes climbs the sprocket teeth.
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Ques. What is the cause of this?
Ans. Considerable wear or too little clearance.

If a sprocket were cut without clearance, an elongated chain would
climb the teeth and the latter would exert a wedging effect, thus sube
jecting the chain to excessive strains. In design the amount of clear-
ance should be as large as is consistent with the proper strength of the

‘Ques. Under what conditions should a chain operate?
Ans. It should work in oil, in a dust tight case.

\R
£

F1G. 4,073.—Double chain drive. The rear axle is of the “‘dead” tﬁe and each rear wheel has
& sprocket with which the chains mesh. The jack shaft is parallel to the rear axle and upon
the maintenance of parallelism between the two axles depends the patlst:actorﬁ working
of the chain. The cut illustrates single and double reduction chain drive. For singls
reduction the motor would be located at A, and for double reduction, at B.

Ques. What is the advantage of the chain drive?

Ans. The greater portion of the weight of the drive mechan-
ism is supported by the frame instead of the rear axle housing;
it is thus cushioned from shocks due to uneven road.

Ques. What two kinds of chain are used?

Ans. Block chain and roller chain.
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PiGs. 4,074 to 4,077.—Details of Wood's electric vehicle construction. Fig. 4,074, motor
suspension showing detail of the hangers between which the motor is suspended; fig.
4,075, radius rod connection, showing phantom view of radius rod and how attached
to rear axle housing. Also mounting of rear spring or radius rod forward to rear axle;
fig. 4,076, steering knuckle, showing connections and half of front spring; fig. 4,077,

front spring showing full elliptic design and method of attaching springs to main chassis
frame.
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Ques. Describe a block chain.

Ans. A block chain is made of a series of block; properly
shaped to fit the teeth of the sprocket, each joined to similar
blocks before and after by side links bolted through the body
of the block.

Ques. Describe a roller chain.

Ans. A roller chain is composed of a series of roller, known
as center blocks, joined by side links. Each roller rotates
.on a hollow core which is turned to smaller diameter at either
end, to fit a perforated side piece joining the rollers into pairs.
The side links are set over these side pieces and bolted in place

* through the cores.

Ques. How do the two types compare in operation?

Ans. A block chdin with generous slack is liable to meet
the sprocket with a continual clapping, which at high speed,
becomes a continuous rattle. A roller chain is comparatively
free from the’ trouble

Ques. What causes the snap and rattle of a chain?

Ans. The fact that even with the best designed sprocket,
as each tooth in turn passes-out of -engagement with the chain,
the next roller must be drawn forward through an appreciable
distance before engaging a tooth. This action not only pro-
duces the noise, but it is a factor in waste of driving power.

Ques. What attention should chains receive to main-
tain a proper working condition?

Ans. The principal points to be observed in the use and care
of sprocket driving chains are: 1, to maintain the proper ten-
sion in order to avoid “whipping’’—which, particularly with a
long one, is liable to result in snapping of the chain,—and, at
best, involves a loss of driving efficiency. The chain should not
be drawn too tight. lest a similar disaster result:  Some slack
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must always be allowed, 2, two sprockets should always be kept
in alignment. In the case of a double chain drive, from a
counter shaft parallel to the rear axle, care should be exercised
to maintain the parallelism, even preferring a somewhat loose
chain to a tight one that strains

t

§
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as formerly, and with the same side up. The chain
should never be turned around, or its direction between the
sprockets reversed, 5; a new chain should not be put on a much
worn sprocket, 6, a chain should be frequently cleaned and rubbed
with graphite, because the chief difficulty involved in the use of
driving chains is the liability to clog and grind with sand, dust,
and other abradants, and 7, after steady use for a more or less
extended period, the chain should be removed and cleaned
throughout.

F1G. _veo. v Ut wuod 'S Cuaoois, wivis Leeew-, suuwuys wle following # wures of
oomtructlon radius rods extending from rear axle to sub-chassis frame; 2, rear
springs rest on rad:us rods, instead of on rear axle; 3, motor, showing ball and socket
spring suspension; 4, worm drive, showing location of worm below rear axle.

Ques. How may a chain be best cleaned?

Ans. After removing it from the sprockets, cleanse first in
boiling water, then in gasoline, in order to remove all grease
and dirt. The common practice is next to boil the chain for
about half an hour in mutton tallow, which is thereby permitted
to penetrate all the chinks between rolling surfaces forming an
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excellent inside lubricant. After boiling, the chain is hung up
until thoroughly cool, at which time the tallow is hardened.
It may then be wiped off clean and treated with a preparation
of graphite, or a graphite alcohol solution on its inner surface.
Some authorities recommend that the chain, after it is cleaned in
boiling water and gasoline, should be soaked, first, in melted
for an hour at least, and then in a mixture of melted mutton tallow and

graphite. After each soaking, it is dried and wiped clean. With eltha'
process, a daily application of graphite is desirable.

P16. 4,080.—Chain and sprocket double reduction gear for heavy trucks. As here shown, ‘the
motor is hung above the springs, missing the jars of travel.

Ques. Is it necessary that both  chains be of equal
tightness?

Ans. No; the differential gear on the jack shaft will coun-
teract this and cause each chain to do its share of the driving.

Ques. What adjustment is important with a chain
drive?

Ans. The jack shaft and rear axle should be made parallel
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by adjusting the radius rods to secure the proper engagement

of the chain with the sprockets.

Fic. 4,081..—B&ket R and L worm and gear.

Combination Chain and
Gear Drive.—For very
heavy trucks where a con-
siderable reduction in speed
is required between the motor
and wheels, a double reduc-
tion is sometimes used as

" shown in fig. 4,080.

The motor is usually hung
above the springs, thus being
protected from the jars of
travel.

There are several forms of
double reduction using light
high speed motors by means
of various combinations of

TF1G. 4,082, —Baker R and L motor, propeller shaft, universal joints, worm and gear. This

is the straight type top mounted worm drive.

gear and chain, with silent, roller chains or herringbone gears for
the first reduction, and single or double roller chains, bevel
gears or herringbone gears for the second reduction.
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Worm Drive.—This is a very popular drive for trucks and
pleasure cars propelled by electric motors, because of the very
large reduction possible on single gear. It has the advantages
of silence in operation and great durability.

Ques. Describe a typical modern worm drive rear
axle construction.

F1G. 4,083.—Baker R and L. worm drive transmission unit.

Ans. The worm wheel and differential gearing are assembled
as a unit with the cover of the axle housing. This housing car-
ries all of the weight, the driving shafts being full floating and
. transmitting only the driving power to the wheels. A torque
rod takes all driving and braking tortional strain, while two
side radius rods relieve the rear springs of all tractive effort.
Annular ball bearings are used to take the radial and thrust
loads of the worm and wheel, while the road wheels run on
conical roller bearings.



ELECTRIC VEHICLES 2,837

Storage Batteries for Electric Vehicles.—The storage bat-
tery has been modified in various ways to adapt it to automo-
bile use, the problem being to secure the greatest specific energy
with the least bulk and weight. Its efficiency, or the amount
of electrical energy it will discharge in proportion to the amount
it takes to charge it is also an important consideration. Aver- -
age figures run between 70 and 90 per cent.

F1G. 4,084.—Lanchester type of worm drive as used on some electrics. An advantage
claimed for this form of worm drive is the fact that mounting the worm below the ring
gear permits it to be placed in a bath of oil, assuring constant and ample lubrication.

The storage batteries which have proved most successful in connec-
tion with electric vehicles are the I sulphuric acid type, and the iron
nickel battery, commonly known as the Ed:so n battery.

Ques. What construction is employed to reduce the
weight of battery for use in electric vehicles?

Ans. The plate surface is finely divided.

The following methods are those most common: scoring, grooving,
laminating, casting, pressing and by the use of a'lead wool.
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The Faure, or lates are usually lighter and of higher
capacity than thg)alflt:gte, utphave a tendency to shed the mglgtena. 1
for tne grid thus making the battery useless.

Mileage and Battery.—If the proper mileage per charge be
not obtained when all mechanical parts of the car are in good
‘order, -it is undoubtedly due to the battery being undercharged
and not brought up to full voltage as indicated on the meter.

In this case it is best to discharge the battery until voltage indicates
1.8 per cell; open the hoods over the battery, remove plugs from cells

PG, 4,085.—Waverly 42 cell lead battery. All battery cells are accessible from outside of car
by raising the hoods. The battery compartments are lined with acid proof material to
prevent acid reaching the paint, the running gear or other parts.

and cover the plates with distilled water to within one-half inch of
the inside top cover. Charge the battery in the usual way until it
reaches a maximum voltage as given on charging card, then charge
four hours longer at the lowest rate shown on the card. Try battery;
if this do not improve the mileage sufficiently, repeat the operation as
before. If after repeating the operation three times, normal mileage be
not obtained, and trouble be not found elsewhere the maker of the
battery should be consulted at once.

* Points Relating to Storage Batteries.—The following im-
portant directions should be carefully followed to obtain satis-
factory service for a storage battery:

® NOTE.—For a full treatment of the subject of storage batteties, seé Guide No. &
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FiG. 4,086.—W;

1. Keep
the battery
and connec-
tions clean.

2. Goover
the sameand
see that they
are bolted up
tight.

3. If there
be any low
cells in the
battery, at-
tend to them
at once. -

4. Keep
the electro-
lyte, or bat-
teryhsolution,
at the proper
height abopse
the tops -of
the plates.

5. Keep
the density
of the elec-
trolyte, or
battery solu-
tion, at the

. proper point.

6. Do not.
charge at a
rate that will
make the
cells exceed
100 degrees.
F. in temper-
ature. .

7. A bat-
tery can be:
ruined in
three hours.

use by being
left on charge
at a high rate-
after it is
full.
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8. The user of the vehicle should keep careful track of the charging
and, if possible, watch it personally.
9. In all cases follow strictgr theinstructions furnished by the maker.

10. Do not let battery stand completely discharged.

11. Do not let battery fully discharge in cold weather.

12. Do not let battery stand in a!zlxclpm'tly discharged condition long.
13. Do not go away on a visit allow battery to stand inactive,
14. A battery must be worked constantly to get satisfactory service

and when going away for two weeks or more, it is best to make
melnsts Ifo have the b:ltwry looked aftetll' by someone familfiarhwith it.
. In charging, always connect the positive wire of the charging
source to the positive terminal of the battery and vice versa.
16. If the battery become dead, or lose mileage, consult the makers,
17. Charge battery in a warm room in winter.
18. In consulting the makers, be sure to give full particulars.

F1G. 4,079.—Gould cell showing parts. X .
F1G. 4,088.—Sectional view showing height to fill Gould starting and lighting type of cell.

Battery Capacity.—As there is no sure way for the automo-
bilist to estimate the discharge capacity of his battery, he is
obliged to base such calculations as he makes on the figures
furnished by the manufacturers. With the help of his indi-
cating instruments, the voltmeter and ammeter.

Apart from any considerations of efficiency, the driver of an elec-
tric carriage should carefully bear in mind the figures supplied by
the manufacturers of the type of battery he uses, in order to judge:
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1. How long the present charge will last;

2. Whether he be exceeding the normal rate of discharge, and thus
contributing to the unnecessary waste of his battery and incurring other
dangers that may involve unnecessary expense.

As a general rule the 1 hour discharge rate is four times that of the

or 8 hour discharge, and considerations of economy and pru-
dence suggest that it should never be exceeded, if, indeed, it be ever
empl;:;yenfg The 3 hour discharge, which is nonnallﬂ twice that of the
8 hour, is usually the highest that is prudent while the 4 hour discharge
is the one most often employed for average high speed ridix;i; batteries
give only the 3 and 4 hour discharge rates in specifying the capacity

of thir an- 3---m

G, 4,080.—View showing Studebaker electric in home connected to rectifier i
outfit. The subm rectifiers has been treated atgmlength in Guide No. Gm
further explanation is here necessary.

. NOTE.—High Charging Rates.—Occasionally it is desirable to charge a battery as
quickly as possible, in order to save time, as when belated and far from home with an electric
vehicle that has almost reached its limit. As a general rule, such a procedure should not be
adopted unless the battery be thoroughly discharged. In c ing a battery at a high rate,
the danger to be avoided is the tendency of the cells to heat. battery should never be
charged at a high rate unless it be completely exhausted, since it is a fact that the rate of
charge that it will absorb is dependent upon the amount of energy already absorbed. Asshown
in the table of high charging rates, the 96 ampere hour cell requires, for in three
hours: For the first half hour, 70 amperes; for the second, 40 amperes; for the third, 30 amperes;

or the fourth, 20 amperes, and d the last hour, 10 amperes. It may also be ed at
- the following rate in 45 minutes: 14! am;eres for the first 20 minutes; 100 amperes for the

next 5 minutes; 70 amperes for the next 5 minutes; 3) amperes for the next 10 minutes; 10
amperes for the last five minutes. This is the rate to be followed when the battery is com-
pletely discharged.
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The following data on sizes suitable for automobile use will
be found useful.

Discharge in Amperes | Ampere Hour Capacity | Normal Outside Dimensions of
Per Hour During When DI:elmool Charging Jar In Inches
SHrs. GHrs. 3 Hre BHrs. 6 Hrs. 3Hrs| "0 . V| wieth
6X 8 124 |50 43% 37| 6X | 10X 4x.
7% 104 15 | 60 524 45 7% | 11 4%
8% 12X 17%| 70 61X 5234 8% | 1234 4x
10 4 20 8o 70 60 10 12 . 7
2% 17% 25 |10 874 75 | 124 | 12 7
15 21 ° 30 {120 10§ 90 15 12% 7
17% 24% 35 |140 122)% 105 17% 124 7
20 28 40 |160 140 120 20 12% 53
22% 31% 45 |180 1574 135 22}% 12% 6%
25 3 50 |200 175 150 25 12% 6%
27% 33% 55 (220 192} 165 | 274 | 124 - 6%
30 42 60 |240 210 180 30 12% 6}4;
37% 52% 75 |300 2624 225 | 37% | 1244 g;( :
45 63 g [360 315 270 45 12Y% 56
52) 73% 105 |420 367% 315 | 52% | 12% 8_

NOTE.—The figures will vary for different rates largely due to the number of plate per
jar and to other points of construction. : ’
As given by a well known vehiclemanufacturer, the following dataondis-
charging and rapid charging of agivenmakeof battery will befound typicals

Ampere Hour Capacity || 2 Rate In Amperes for ' Rate In Amperes for a
Discharged g"é-g a 3 Hour Charge 45 Minute Charge
~— in 31 A , A )
3 Hr. 4 He. 6 He. 6 He. 8 He. =5 IgHr. 3¢Hr. 3G Hr. IS Hr, THr. || 20 M. B M. B M. 10 M. BM.
34 38 40 42 48 || 6 /36 20 16 10 5| 72 52 16 5

36
45505355648482820167 96 68 48 20 7
66 73 48 81 12 || 70 40. 30 20 IO || 140 I0O 70 30 IO
112 124 132 137 160 || 20 ||128 68 52 32 17| 238 170 119 51 17
140 155 165 171 200 || 25 |l150 86 62 42 21 || 300 214 150 64 21
168 186 198 206 240 || 30 (178 102 76 s0 26 || 356 254 178 76 26
196 217 231 240 280 || 35 [|208 118 g0 60 30 || 420 300 210 9o 30

NOTE.—It is to state the normal capacity of a cell in am; based
:;pﬁn the current which it will discharge at a constantmt’f'or eight hours. us a which

e at 10 amperes for 8 hours without the voltage falling below 1.75 1l is said
have a capacity of 80 ampere hours, It does not follow :h{t g(')ge.m wo’ulet'i ge e‘:cured?i
the cell were discharged in 1 hour. It is safe to say that not more 40 amperes would be
the m ;:‘x‘th this rapid discharge. t?“ arlnpen gour capacity decreases with the i'ncn:‘:c ﬁ‘:
cury 3 speaking, the voltage during discharge i indication
Quantity of electricity remaiming within the cell Sy .

[
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Electric Vehicle Controllers.—The form of controller
adapted to electric vehicle use consists of a rotatable insulated
cylinder carrying on its circumference a number of contact,
arranged to make the desired connections with the terminals of
the various apparatus in the circuit through a wide range of
variation.
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PIG. 4,090.—Diagram of the controlling apparatus of a light electric vehicle, A, brake pedal;
B, ratchet retaining pedal in place, operated by left foot; C, dash board; D, body sill; E,
steering handle; F, controller handf;e)? G, rocker shaft for setting hub brakes; J, brake
band on wheel hub; H, rear axle.

Some controllers are constructed with a cylindrical surface,
upon which bear single leaf springs, the desired electrical con-
. nections being made by suitably connected conducting surfaces
on the cylinder circumference, and cut  outs being similarly
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accomplished by insulating surfaces, bearing against the spring
contacts at the desired -points. This type of controller is one
of the most usual forms for motor vehicle purposes.

As is obvious, it is possible to so arrange the electrical connections on
the controller surffces, that by proper contacts with the terminal springs,
reversal of the motor may be accomplished. This is done in a number
of controller, the reverse being accomplished at a definite notch on the
quadrant of the shifting lever.

-

Fi1Gs. 4,094 and 4,095.—Baker R and L selective dual controller, control handles, resistance
and motor brake. General care: keep the plates 9,522-B and 9,525-B on the face of
the controller and the shoes 7,513-A on the movable arm clean and free from burned and

edges. The contact plates 9,522-B and 9,525-B and the shoes 7,513-A are the
ones that become damaged first. ’i‘hey are removable and when badly worn may be
replaced with new ones. Instructions for adjustment of motor brake and con-
troller to controller handle. Set the controller arm fingers 9,513 in neutral position,
as shown in cut, remove ke}; from controller handle 66,267 and pull handle back to brake
position and then push it forward to the stop, which is its neutral position. Have the
driver's seat locked in forward running position and then the connecting rod 66,706 ma;
be adjusted to such a length that the handle 66,267 and the controller arm fingers 9,513 w.
be in their respective neutral positions at the same time. After the above adjustments
have been correctly made, the forward driver's seat should be turned to the position it
will assume when car is to be operated from the rear seat and the length of the connection
rod 66,750 adjusted to such a length that both controller arm fingers 9,513 and the rear
controller handle 66,261 will be in their respective neutral positions at the same time.
When these adjustments are correctly made the front driver's seat will turn freely from
forward driving position to rear driving position at the time that both controller handles
66,267 and 66,261 are in their neutral positions. Adjust motor brake shoes for wear
by means of the winged nut 14,350. Clearance of sfxoe is obtained by the adjusting
screw 14,271. These adjustments should be such that the brake is perfectly free when
controller arm fingers 9,513 are in their neutral position, as shown in cut. hen brake
is zpplied the top finger 9,513 will have traveled upward across,the contact plate, 9,525-B,
and just to the plate 9,529. The wires leading from the controlling resistance 18,870 are
msrkec};lo correspond to the connectors on the side of the controller into which they are
connected.
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Flc. 4 096—-Dlagram plan of the several parts of an electric vehicle driving circuit. The
field wmdm%s and armatures are shown projected, the proper wiring connections being
indicated he periphery of the controller is laid out within the broken line rectangle,
the contacts ami)e connections through it for varyi o:g the circuits through four speeds
being shown. For first speed the controller is rotated so that the row of terminal points,
A,B,C,D,E,F,G,are brought into electrical contact with the row of terminal pomm
on the controller. A' B’, C’, D’, E’, F/, G; this connects the two unit battery in parallel
and the field wmdmgs of the two motors in series, A further movement of the controller,

ing the points, A, B, C, etc., into contact with A?, B2, C?, etc., gives second speed,
the at.tenes now bemg in parallel and the fields in series psrallel For third , the
points B a; ught into contact with B3 and C3, and E and F with a.nd m,
which mea.ns that the batumes are connected in series, and the fields in series. lé
for fourth sgs‘ed the pomts B and C are brought into contact with Bé¢and C¢, a.nd D,
G4, which means that the batteries are in series and the fields in
g:] llel The’ connect:ons between the battery, the armature brushes, and the motor
ds, are made as indicated through the rotary reversing switch by the bermmale K,L,
N'. Thi. switch may effect the reversal of the motors by giving a quarter tumn to its
spmdle. which means that the contacts of segment X, will be shifted from L and K to K
N, and the contacts of segment Y, shifted from M and N to L and M, thus reversing
the direction of the curreat.
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Electric Vehicle Circuits.—The methods employed to vary
the speed and power output of an electric vehicle motor oconsist
briefly in such variation of the electric circuits as will modify
the pressure of the batteries on the one hand, and the operative
efficiency of the motors or. the other.

sesee0 (] OHE CHO-O
e (—{]  OF0 OHO

e M 040 OO0
D Becowo 07

[ Eleo 226me [ EHE [ !

MOTOR
ARMATURE

+ 33—

-

CHARGING WIRES ]
TG, 4,007.—Diagram of controller connections of a one unit, one motor circuit, with variable
" fields.

The celis comprising the sto::lge battery are so arranged as to form a
number of unit, being so wired that by the use of a form of switch
known as a controller, the connections may be varied from series to
parallel, or the reverse, as desired. The same arrangement for varying
the circuit connections is used for the field windings.

The wiring diagrams, ngs. 4,091 to 4,093, show one arrangement. The
dotted lines on each figure indicate the circuits that are cut out or open,
and the full lines those that are active or closed: i
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Ques. How may the circuits be arranged with two
batteries and two motors?

Ans. For this combination, as shown in figs. 4,102 to 4,104,
it is possible to eliminate the resistance coil altogether and
depend entirely upon the circuit shifting for regulating the

m@wmsr
L——‘lu 1 uﬂ:mw

3% seeep
AHEAD

ruwe
F1G. 4,008.—Diagram of controller connections of a four unit one motor circuit, with constant

series connections for fields and armatures in forward and backward speeds.
voltage and power. Accordingly, for the first speed the bat-
teries are connected in parallel, and the armatures and wind-
ings of the two motors in series. For the second speed, the
series connections are adopted for both batteries and motors,
while for the third speed the batteries are in series, with the
motors in parallel.
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P1cs. 4,000 to 4,101.—Diagrams showing methods of speed changing in a typical one battery

unit, two motor circuit. Thc first ap“d shows, the two motors in series, with a resistance

coil 1n the second, the motors in series, without the resistance; the third, the
motorsmpanilel.
. . F SFPEED
|
H|1i
2% SPEED
ANl
3% SPELD
A QWQM
4,102 to 4,104.—Di showing the f speed b
Flmtwo motor circuit, slllaog:am': eombmatl?)l:s t‘ggstl?me speeds hn.g Ig'lag ::ooed altsbegyt:“n&

with the battery units in parallel, and the motors in series, the second, with the battery
units in series and the motors in series; the third, with the battery units in series and the
motors in parallel,
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How to Operate an Electric Vehicle.—The following in-
structions, which are given by one maker, will be found to
apply for the most part to any car. -

1. Be seated.

2. Place steering lever in position to give ready control.

3. Insert key in controller handle and unlock.

4. Pull controller handle back to brake or off position and raise slide.
(This closes the circuit and electric is ready to move.)

5. Be sure that the foot brake is released.

7€ SPEED
L LT L L
T EF =
R-SPEED

W=l
UG

2. SPLED
Iy
= fii—
" hatiery unit, shile mofor ot oo only changes made In Thes ciruits arein the

battery connections. For the first speed the battery units are in parallel
second, in series parallel, for the third, in series. The motor connections are not varied.

6. Forward movement of the controller handle gives two starting
speeds and three running speeds.

7. To stop electric, pull controller handle backward past off position.
First the electric brake will come into action and then a mechanical motor
brake.

8. To reverse, bring electric to standstill. Press down the foot lever.
Move controller handle forward same as when running forward. Two
starting and one running speed will be obtained when backing.

9. To stop reversing, pull controller handle to extreme backward
position. Take foot off reverse lever, which will.automatically’ return
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1&?: :g:iwatd position and electric is ready to be operated in a forward

on. :

10, Steering: Push steering arm from you to turn to the left and pull
steering arm toward you to turn to the right.

11. en leaving the electric, be sure to always force down slide of
controller handle and take key out of lock.

12. Release foot brake before applying power.

13. To charge batteries: ’

a. Be sure that slide of controller handle is down and key out of lock.
- b. Insert cl g plug in socket at rear of electric and if the connections
from the plug to the charging source be correct the ammeter should show read-
ing below the zero on the scale.

FiGs. 4,108 and 4,109.—Charging an electric in front-of éity residence; fig. 4,108 shows mercury
rectifier located in basement under steps. With this arrangement the car may be charged
at the curb during idle hours of the day.

: ¢. Pollow the instructions for charging and care of battery that are furnished
by the manufacturers of the battery.

NOTE.—There are two push buttons in the floor of the car that may be
operated by a slight pressure of the left foot. One increases the speed of the car
and the other lights the meter lamp.

NOTE.—Baker R and L motor and control. The motor is designed to receive the
combined voltage of all the cells in the battery, i. e., the battery is at all times in series and
as the voltage 1s 2 volts per cell, the running voltage of the models equipped with 41 cells
would be 82 volts and on those models having 42 cells the voltage would be 81 volts. The
object of this is to eliminate the usual troubles caused by all unbalanced conditions of the
battery as when several sections are ?erated in parallel. " The first speed includes a high
resistance and is intended for starting duty alone. The second speed has less resistance and
although intended to grade the.startmi is convenient for occasional use in congested districts,
but too slow for ordinary running. The next stop cuts out all the resistance and the motor
runs on the series fields alone, the two sections being in series. The next or fourth s
parallels the two sections of series field. On the fifth speed the series ficlds are in parallel
with an external shunt resistance across them. This weakens the strength of the series fields
and reduces the resistance of the circuit. The sixth or highest speed of the car is obtained
by means of an accelerator bulton located in the floor of the car. Its action is that of a switch
closing the circuit of a light shunt field on the motor. The direction of the flow of current in
this field is such that its strength o%posw that of a series, thus weakening it and producing an
increase of speed on light running; but due to the differential action between the two, a very
great dropping off in speed occurs when climbing a grade or, traveling a heavy road. In this
manner great driving power and low current consumption is cbtained on the grades on the

o
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Electric Vehicle Troubles.—In order to properly cope with
the numerous disorders and mishaps likely to be encountered,
the following points relating to troubles may be found helpful.

1. If vehicle run too slow, look for the following:

a. Deflated tires. . . o s

b. Slow tires, due to other makes having been substituted for those furnistied
by the facturer of the vehicl ‘

¢. Broken bearings in wheels, countershaft or motor.

d. Shoes not mal perfect contact on face of controller.

Fics, 4,110 and 4,111 Broc control lever lock. Pig. 4,110, locked, safety plunger pushed down;
fig. 4,111, ready to operate safety plunger raised, To unlock, insert and turn the key,
move control lever back to power off position, and pull up safety plunger.

e. Brushes not making perfect contact on commutator due to being too short,
or commutator being dirty. .
f. Broken battery jar, solution having partly leaked out.
i. Brakes rubbing when they are supposed to be thrown off.
. Battery exhausted.

2. If the current be higher than usual when running on the level, look
for the following:

a. Tight bearings.

b. Brakes rubbing.

¢. Silent chains too tight. .
d. Front wheels out of alignment,

e. Tires deflated.
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3. If needle on ammeter vibrate more than usual, moving up and
down very rapidly, look for the following:

a. Blackened commutator.

b. Commutator brushes worn too short. L

¢. Loose connections at battery terminals or at connections on controller.
d. Broken wire leading to meter.

4. If vehicle refuse to run, look for the following:

a. Broken jar in battery.
6. Broken connections b cells,

F16.4,112.—The Babcock electric roadster. This car is provided with a battery of forty two
cells, which it is claimed, gives one hundred miles at_seventeen miles per hour on one
.. The controller provides for five speeds forward and two reverse. The motor de-

velops fifteen horse power, which will run the car over thirty miles per hour.

¢. Broken terminals.
d. Open motor leads. .
e. Broken connections on any part of vehicle.

5. In case vehicle do not run on any of the speeds, first examine those
connections that are easiest to get at, viz:

a. Those at the end of the batteries.

b. The connecting straps, connecting one cell to another.

¢. The wires going into the circuit closing switch.

d. The springs on the controller arm and the copFer shoes. Be sure that they
make contact with plates on the controller face. 5

e. Seetthﬂt there are no wires hanging loose, that appear to belong in the
controller.

f. If the trouble be not found in some one of these points, it would be best
to have an expert examine the machine.
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6. If the usual graduation of speed be not obtained when i
g; the level, read carefully the instructions of maker relating to oont;’

.

7. If ammeter -on the vehicle do not register properly, look 1}
the following: .

a. Broken or ly brokén connections in the wire leading fi ter
shunt block?‘ur; er floor of carri rom me

carriage.
b. The ammeter pointer sticking or working irregularly, due to dirt ingi
of ammeter, in' which case it must go to the facbory? e

8. If the voltmeter do not register at all, look for broken connectio
in wires leading to connection points under floor. }

9. If voltmeter read too high, there is something wrong inside; i'
should immediately be sent to the factory.

10. If the lights do not burn and the bell refuse to ring, look for 1

burnt fuse wire.

11. If one light refuse to burn while the others are working correctls}
try a new lamp, or examine connecting theater plug that connects b.
wiring to chassis wiring. ¢

12. If both side lights refuse to burn, all other lamps being in working
order, the trouble is in the connector. .

13. If bell refuse to ring, all lamps being in working order, examing
the theater plug connecting body and chassis wiring and make sure tha
the wires leading to the switch contacts at bottom of controier handl(
have not been taken out or broken cff. .

there, connecting two eemporar¥ wires to these same binding posts and touch
these to the battery terminals. If the bell do not ring then it should be taken

NOTE.—The bell can be tested by disconnecting from it the wires that ﬁa
of
and replaced with a new one or readjusted. H

NOTE.—No meter on_an electric vehicle is infallible as the service is very
hard and the adjustments liable to get loose; and, as the general instructions as td
care of battery, etsgecially in charging, are to charge until voltage reads a certain
amount, it is of the highest importance that the meter should read correctly
As soon as any irregularities are noticed in its readings, have it examined imme-
diately by an expert, or send it to the factory. When it is necessary to return it
to the factory, be sure to send the shunt block with it, as this is part of the meter,,
Even if no irregularities be noticed it would be well to have the meter examined
at the factory and recalibrated once every year. |
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