LOCOMOTIVE HEADLIGHTS
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ELECTRIC-HEADLIGHT EQUIPMENT
PRINCIPLES OF QCONSTHUCTILON

GENERAL FEATUNLESY

1. The clectric headlight is the result of a growing demand
for a type of headlight that is superior Lo the old-style oil
lamp that has been in wse for sg many wvears. The general
adoption of the clectrie Lype for all classes of locomotive
service males it necessary for those responsible for the care
and operation of locomatives to hecome fumiliar with the prin-
ciples of construction and management of that Lype, so that
they may he able to handle it properly and prevent its failure
on the road.

2 Main Parts of BEquipment.—As a matter of con-
vemience, the eguipment composing an electric-headlight outi
tnay be considered as consisting of four principal parts, namely,
the headlight, the electric cirenit, the generator, and the steam
turbine. The headlight itself consists of an electric lamp, by
which the light iz produced, located inside a reflector that
focuses the light and throws it forwards along the track. The
electtic circuit cansists of the wiring, connections, and switches
thraugh which the electric current is supplied to the lamp.  The
generator is the electrical device or machine by which the
current for the lamp is produced, or gencrated, and is con-
nected with the lamp by the wiring. The generator is driven
by being directly connected to the shait of a small steam tur-
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2 LOCOMOTIVE HEADLIGHTS

bine that in turn is run by steam drawn from the locomotive
hoiler. Briefly, then, the steam runs the turbine that turns the
generator and so produces the necessary electricity, which is
conducted by wires to the lamp, where it produces light.

8., Yo far as understanding the action of the moving parts
of the electric headlight is concerned, the apparatus may be
divided into two scetions—the steam end and the electrical end.
The steam end includes the steam piping and the steam turbine
that produces the power to drive the penerator; anid the efec-
trical end includes the gemerator and its connections. To
understand how the pressure of the steam produces rotary
motion of the steam turhine, it will be necessary to study some-
thing about the principles of construetion and action of the tur-
bine. Similarly, to understand how the generator produces an
electric current and how the clectricity s transmitted to the
lamp, it will be necessary to lake up a brief study of the cle-
ments of electricity. The moving paris of the turhine and the
generator are fastened fo the same shaft, so that they rotate
together at the same speed, and are carricd in a framework that
{orms one continuous piece, The turbine and generator com-
bined in one unit in this way form what is commonly called

a turbo-generalor.

RTEAM END

4. Prineiples of Steam Turbine.—A steam turbine is
a form of engine by which the energy ol steam is converted
into work and produces rotary motion of a shaft. Tn the ordi-
nary steam engine this is done by means of a piston that moves
back and forth in a cylinder, together with a piston rod, a
commeeting-tod, a crank, and a frame. The steam turbine has
no pistons ot rods, and none of its parts reciprocate, of move to
and fro. Instead, the moving parl consists of a wheel, along
the edge of which are fastened a large number of small buckets
or ctrved blades, The steam is allowed to flow from the end
of a pipe or nozzle placed in such u way that the jet of steam
sirikes the buckets; This gives a turning movement to the
wheel and rotates it continuously in one direction.
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2. A odiagram showing the principle of one style of steam
turkine i5 given in Fig. 1. The wheel o iz fastetied on a
shaft & held in hear-
ings so that it can
rotate eazily,  Around
the edge of the wheel
are a  number of
curved buclets ¢, and
apposite the lower
part of the wheel is a
nozzle d from which
steam hider prossure
i allowed to flow,
The: steam  escapes
from the nozzle at a
very high speed, e
sirikes the buckets with cnnziderable force, wund canses the
wheel 1o rotale rapidly in the direction of the arrow.

. Dlaode Ar-
rangement.—Lhe
diagram in Fig, 1 is
intenided merely to
show the principle of
the steam turbine.  As
a usual thing, the sleam
nozzle is not placed di-
rectly in line with the
edre of the wheel, In-
stead, the bhuclets are

clirved crosswise of the
wheel, as indicated in
Fig. 2, and the steam
nozzle 1s set at one side,
50 as Lo discharge the
steam against one edpe of the bickels, at an angle.  The steam
then strikes down into the hollow of the bucket, forces the
wheel to tuen, and escapes at the opposite side,

Fau. 2
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Another way of arranging the buckets is shown in Fig. 3
In this case the buckets ate set along one side of Em.é:w&
and the steam jet from the noszle strikes Lhem direetly in line

with their centers, as shown. The steam cscapes fram the

buckets at their nner edges.

= Details of Construction.—The wheel of the turbine
is enclosed in a cast-iron casing, so that it turns inside a closed
chamber, The casing is commonly made in two parts Lhat are
holted togcther, but that may readily be talen apart to .wm_:é
the wheel and the buckets to be inspected. The buclkets in the
smaller turbines, such as are used for head-
light turbo-generator sets, may be made of
steel or of some allay like bronze. When
mude of steel, they arc usually given a special
trearment that prevenis rusting and reduces
wear. The jet of steam escaping from the
nozzle into the buckets has a very high speed,
and as the steam very probably carries waler
with it. the etitting effect of the particles i
moistire sweeping across the faces of the
tckets iz severs, resulting in wear, or
crosion, as it is commonly called.  The shalt
also s made of steel, and may be given an
anti-tusting treatment. The speed at which
. the turbine wheel turns is kept practically
et uniform by means of a governor, The gov-
ariety of forms, some of which

crning device may have a v
will be deseribed later,

&, Advantages of Steam Turbines. —The steqm fur-
hine lias a numher of distinet advantages over the reciprocating
steam engine for fumishing power. First of all, the turhine
whee! turns always in one direction, and is nicely balanced, so
that there is no shock or vihration connected awith its opera-
tion, pravided that it i kept properly adjusted. It F.,.m 1o
internal rubhing surfaces, and so it requires no lubrication

except for the hearings of the shaft on which the wheel is
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mounted, Tt can produce much higher speeds of rotation than
the reciprocating engine, and it occupies considerably less
space than a piston engine of the same power,

FELECTIVICAL ENID

9. Purpose of Electrical Instruction.—It is not nee-
casary for the locomotive engineer to be familiar with all the
theary relating to the generation, transmission, and sse of
electricity, Tl he ought to be familiar with some of the cle-
mentaty principles.  Such knowledge will help him w0 under-
stand hetter the causes of the troubles that arise in connection
with elestric-headlipht apparatus and soomake it casier for him
to detect and Tocale faults and apply the necessary remedies,
For these reasons, an explanation will he given
as to how eleetricity is produced, how it is con-
ducted from one place o another, and how light
1s produced [rom il

16y, Muagnets and Magnetism. A com-
mon atd inferesting toy iz the horseshoe moenet,
illystrated in Fig 4 [t consists of a Lar of fat
steel bent into the shape of a horseshoe and pos-
seszes the strange properly of being ahle to aftract
anil hold small pieces of iron or steel that are laid
against the ends.  For example, if the iron strip o 13 Jaid across
the ends of the magnet, it will be held Tast and & considerable
pull will have to be cxerted in order to remove it.  The power
of a magnel 1o hold a plece of iron in this way is due to the

Epwza:m:_ it pozsesses.

11. Bleclromagnets,—A magnet like that shown in
Fig. 4 is called a permanent magnet, because, aiter it is once
tnagnetized, its retains its magnetism, or power o attract ron
and steel, 1 a piece of soft iren bar s bent into the shape of a
U, as shown at @ Fig, 5, and each arm is wound with a coil &
of insulated wire in the mamer indicated, then, when elec-
tricity 15 ecaused to flow throwgh the wire that forms the
enils, the snit iron bar becomnes magnetized and is able to attract
iron and steel just as the horscshoe magnet in Fig. 4 can do. A
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magnet of the type shown in Fig. 5 is called an m_mnqﬁ.ﬁ_mna.cr
So lomg as an electric current 15 maintained in the wire _u.”n_:m.
the U-shaped bar will have magnetism;
bt if the circuil is broken, so that no
electrivity flows through the coils,
then the iron bar ceases to be a maguet.

12, Toles of a Magnet,—1he
ends of the fron or steel bar that forms
a magnel are called the poles of the
magnet, one emd being called the noril
pofe and the other the south poke
These poles are usually indicated by the letters N and 5
respectively, as in Fig. 4. 11 two magnels are brought cloge

together, with the north pole of sach upposite the south pole of

————
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the other, as in Fig, 6 (g}, they will attract each other, or he
drawn towurd each other, as indieated Ly the arrows; but if
the north and south poles of one are brought apposite the north
and south poles of the other, as in (&), then Lhey will Tepel
each ather, or tend to force each
other away, in the directions indi-
cated by the arrows,

13. Lines of Force.—The
attraction of unlike poles and the
repulsion of like poles of magnets
are due 1o the magnelic forees pro-
duced “hy the magnets. These
forces act through all the space
around the magnet, and the posi-
{ions In which they act may be
found by a simple experiment, 17 a sheel of glass is laid
over a straight bar magnel, as shown in Fig. 7, and fine
iron filings are sprinkled on the surface of the glass, they

Fro. 7
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will artange themselves in a pattern of cutved lines, as shown.
These lines run from the north pole to the south pole of the
magnet and represent the paths of the magnetic forces that act
in the position occupied by the surface of the glass. These
curved lines in which the magnetic forees act are called lines
of force,

14. Generating Electricity.—The source of electricity
for use in headlights 1= an electrie generator.  This 15 a machine
that consists aof a stalionary frume inside which is a rotating
part driven by a steam turhine, The slationary part contains
magnels and the movahle part carries wires that are caused
te move past the poles of the magnets and close to thern. This
rotation of the wires past the ends of the magnets sets up

Fio. 8
currents of electricity in the wires, and the wires are so con-

tiected that the eleciricily generated in each can be conducted
to the point where the current is {0 be used,

15. The principle of the electric generator may easily be
ghown in connection with Tig 8 (g), in which ¢ is the north
pole of a magnet and b is o straight piece of wire to which
a loop ¢ of finer wire has been connected, as shown, I the
wire I is moved down past the end of the pole & of the mag-
net, as indicated by the vertical arrow d, it will cut directly
across the lines of magnetic force thal radiate outwargs in all
directions from the end of the pale, and this catting across
the lines of force will set up an electric current in the wire b,
The current in the wire will have the dircetion shawn by the
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arrow @ and a fow of electricity will oceur through the loop
of fine wite, as indicated by the artows f. 1{ the movement of
the wire b is stopped, the current in the wire ceases i
diately. 1T the direction af movement of the wire b is reversed,
as in (B}, so that il moves upwards past the pole N, then
the clectricity will flow in the apposite direction, as shown
by the arrows.  Hriefly, then, an clectric current may be pro-
dnced by moving o wire throngh the lines of lorce near the
pole of a magnet. Tt mukes no differcnce whether the magnet
is @ pertranent magnel or an eleciromagnel ; the etfect is the
gamie. 1 the generator used for headlighls, huwever, electro-
nugnets are employed.

16. Simple Form of

-ff ) Generator.— The  device
= ghown in Fig. & for pro-
ducing electricity is not a
8 practical form, becausc it
cannot furnish a contine-

ous current. In order

TR that the flow of electricity

may  be unbroken, it is

necessary to provide certain pssential parts, as indicated in
Fig. @, These essential patis are the poles & and 5, the arma-
ture 2 on the shaft b, the commutator hars ¢ and d, and the
brushes ¢ and f, The poles are the north and sonth poles of 2
magnel, and betweun them s the armature @, which s fized on
the shaft & by which it is rotaled. The semdeircular bars ©
and i also turm with the armatire, but they are insulaled from
i, A wire loop is carried around the armaiure and its ends are

. fastened to the commutalor bars, fnrming two straight parts g
_ anil B mcross the circumfercnce nf the annature. When the

armatiure turng, these parte g oand R swing inoa et Je and

_ are moved directly across the ends of the pole pleces & and 5,

with the result that an electric current 13 set up, as explained

_ in the preceding article, The Lrushes are stationary and rest

lightly against the commutator bars, Two wires § and | are
__ conmected to the brushes and lead to a lamp b, az shown,
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17. The device illustrated in Fig. 9 is a simple form of
electrical generatar, Suppose that the parts have the positions
shown and that the armatyre iz rotating in the direction of
the eurved arrow {. The part g of the wire loop is thus cansed
to swing directly across the end of the pole N, which, as
cxplained in Art. 15, results in o How of electricity in the
direction indicated by the arrow on that part of the wire. At
the same Ume the part & of the loop of wire maves up across
the end of the pole 5 and a current 15 generated in it in the
direction of the arrow,  The result is that a low of electricity
iz set up, iollowing the direction of the arrows along the loop.
This electricity flows from the loop into the bar o, then into
the brush e, and so by way of the wire ¢ to the lamp E, from
which it flows back (o 1he generator by way of the wire j, the
hrush F, and the commutator but . As the armature continues
toy turn, current eontinues to be generated by the movement of
the wires 7 and & past the ends of the poles, and the fow of

electricity to and from the lamp is continmons,

18. Conductors and Insulators—In order that there
may be a flow of electricity, there musl be an unbrolen path in
which it can flow. Teually, copper wire is used to form the
path Tor an electric current, although water, carth, iron, and
many other substances will allow electricity to pass through
them. Any substance that will allow electricity to How through
it readily iz called a conductor. Those substances through
which electricity can pass only with the greatest difficalty are
palled non-conductors or insulators.  The most common
syhstances used ot insulators are porcelain, glass, mica, cot-
ton, silk, and rubber.  Electrc wires are covered with cotton,
sille, and rubber so that the clectticity may not escape; and when
stch wires are strung up, they are fastencd to porcelain insula-
tors to prevent leakage ol current,

19, Closed and Open Cirenits.—The path in which
electricity flows is commanly called a cirenit. [f the path is
complete, or continuous, so that the current is not interrupted,
it iz said to Torm a closed eireuil; hut if the path is brolken,
g0 that it i3 not continuons, it 15 said to form an open cireuit.

S
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A eircuit may be changed from a closed eirenit 1o an open cir-
cuit by breaking a wire, unfastening a wire, or Opening a
swilch, but the most common way is by using a switch. By
means of a switch, a circuit may be opened or closed al
pleasure, with little effort or loss of time. A& current of elec-
tricity may pass through o closed cireuit, Lt it canmotb pass

through an open circuit.

2(), Fuses.—A wire of a certain size can transmit a cer-
tain current of electricity with safety, Tf the current is
increased, its passage may heat the wire to such an extent as
to cause melling ; or it may damage some elecirical device con-
nected in the cirenit,  To prevent trouble due to too heavy a
cirrent, it s customary fo use a fuse o the circiif, A fuse s

i

iy B

Bl — ol
Fra. o

simply a short piece of soft wire or a bar of enft metal held
between two parts of the circuit.  The current must pass
through the fusc, the soft wire or metal of which has a low
melting point.  Consequently, if the current is inereased to
a point where it may endanger the apparatus in the eircuit,
the heat producsd by it in passing throngh the fuse canses the
latter to melt, thus breaking or opening the circuit, preventing
any further flow of eleetricity and so obviating any harmiul
effects (o the upparatus,  Fuses are made in such iorms as to
he easily and guickly replaced when they melt, or Mot out, as

it 15 commmonly termed.

2. Wiring Diasgrams.— [0 show the mrious parts of
an electric circuil and the apparatus connected therewith, it is
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ciistornary to use what is called a wiring diapram. For exam-
ple, supposze that it is desired to show a M*._.Hwnm dizgram .T.:. a
mwamqmﬁ:_. that iurnishes current to four lamps, all on the same
circuit, but in diferent localiies.  Such a diagranm is mrnr.ms n
Irig. 10, The barred circle o and the hlack dashes & and ¢ taken
mm_hﬁrwq lorm the symbol that represents Lhe eleciric geEHerator
Ihe cirele may be understood as indicating the nG:.:...E?.ﬂE..
and the Llack dashes the brushes, The wires that conduct ﬁ?v”
current are indicated Ty the thin lines o, and the four lamps
are represenied by small circles ¢, # o, and k. A switch 1 is
mzmﬁ.r.ﬁ.# in the circuit, so that the lamps may be turned off or on
in an instunt hy opening or closing the cireuit,  When the
guriteh is in the position shown, the circuil i3 open, and when
the switch is pushed down the cireuit is closed, .w_._. fuse 7 is

sy

% T

L]

Fre.o 1l
mserted in the circuit, between the posts B oand £ to prevent
the passage of o dangerously heavy current.

. 22. Hingle-Throw and Double-Throw Switehes. A
View of a single-throw switch is given in Fig. 11 (o). It con-
sists of 4 base e, made of some insulating mh.Eﬂ.imr to which
are mﬂm.n:nn_ bwo metal posts & and ¢ the hlade d of the switch
being hinged 1o the pust ¢ so that it can be swung up or down
E. means of the handle ¢ of insulating material.  The post &
iz made of two thin jaws, so that, when the blade & is forced
ﬁrwﬁ,: to close the switch, it fits snugly between them. The
wires in the cirenit of which the switch forms a part are fast-
ened to the posts b and ¢ by the binding posts f and 3. When
the blade is forced down, and the swilch closed, nﬁﬂﬂ..ﬂﬁ pPagses
from the wire attached at f to the post b, thence through the
E.m_..__m d to the post ¢, and through the connection g to the
wire attached at that point; ar, iT the conneclions are reversed,
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the current will pass from g to F in the opposite direction.
This form is called a single-throw switch because the blade 1=
thrown in bul one direction to close the switch. A double-
throw switch iz shown in
By, In this form the blade
may be thrown Lo one side or

ot ;
o 1he ather to close the swilch,
e Such a switch may be used
i _ __E_ | on two circnits that de nol

: | 114] he closed at one time
q ___d_____ _______ﬁ_f i need 1o .
h i)

23, Armature and
Commutator.— he arma-
ture of an electric reneraing
a5 is the rotating part that
carries the coils of wire that cut across the lincs of force pass-
ing between the pole piecces, One [orm of armative i shown
in Fig. 12, The body of the armature is buile up ol a large
number of thin, notched plates, which, when puz together aidle
by side, with the notches matched, form a core containing
slots @ in which the coile & are placed. The ends of each codl
are connceled by wires, as at ¢, to the bars ol the contmalaiod 4,
there being as many connmutator birs as there arc coils. The
hars are made of copper and are insulated from one annther as
well as from the other metal parts of the armature. The
insulation consists uof thin strips ¢ of mica, or isingluss. The
artnatire and the commutator are comhbined in one assembled
piece that fits on the shall of the generator and rotates with it

Another style of anmature, mounted on ils shaft, is shown in
Fig. 13, The slotted armature is shown at ¢ and the shaft at b,

Fris 13

The slots in the armature may readily be seen, and the ends of
the coils that Tie in these slots are smoothly wrapped with a
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covering, as at ¢ and J. The ends of the wire forming each
coil are attached 1o opposite bars of the connutator e,

24 Volts.—Just as it requires pressure fo canse sleam
to flow through a pipe, 2o does it require pressure to canse
electricity 1o flow through o conductor.  Dut. whereas the
pressurc of steam is exprossed in pounds per square inch, the
pressure or furee that causes electricity o flow is meastired in
volts, and Lhe instrument by which the pressute is measured
is called a wolfmcter, Commonly, the pressure is called the
waltage of the ciredit, which means the number of volts indi-
cated by a voluneter connected to the circuit.

25, Amperes.—The mmpere [(which is pronopunced
am-poir) is the unit used Tor measuring the rate of flow of
electricity, or the quantity flowing in a given time. The instro-
ment used to find the number of amperes is called an ammeter.
An cleclric current heats a wire through which it passes, and
it the current is heavy—that is, il the quantity flowing is
large—the heating may heenme so great as 4o melt the wire.
The ammeter enables the rate of flaw to be measured and thus
it iz possible to proportion the circuit to the current it iz to
ransmil, and so prevent damage to the conductor.

26. Ohm.—Flectricity meets with resistance in Arwing
through every bady. If the body is of tietal, such as copper
or silver, there is very little resistance, and the hody s called 2
conductor of electricity. Dut such substances as mica, glass,
sille, and parcelain offer so much resistance that hardly any
currenl can pass through them, and they are therefore called
non-canductors, or instlators. The resistance of an clectric
cireuit of any kind can be measured, amd the unit fof measur-
ing it iz the ohm, which is the resistance offercd by 302 feet
of round copper wire {y inch in dinmeter. The gmaller the
size o a wire, the harder it is for a current to pass, and the
greater is the resistance, If a conductor having a very low
resistance is placed across a circwit, the current will pass
throngh il in preference to the parl having the higher resis-
lance,  The fluw of electricity through such a gath is commonly
called a short circuit,
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2%, Watt and Watt-TTour.—I 7 the number of volts and
the number aof amperes in o circuit are multiplied together, the
product is satty. The watt is the unit wsed to megsure the rate
of doing work in a circuit, The amount of work done, or the
amount of electrical energy nsed, is measured by the unit called
the watt-hour, which is the work done in | hour at the rate
of 1 watt; that iz, the number of watt-hours of work done in
a circuit is found by multiplying the number of watts by the
time in hours,

STUNBEAM HEADLIGHT OUTFIT

28, (General Arrangement,—An outside view of the
Type RE-3 Sunbeam turbo-generator is given in Fig. 14. The
end o of the casing encloses the armature, ficld coils, commu-

e 14

tator, brushes, and other parts of the generator. The nther
end b forms the shell inside which are the turbine wheel, noz-
zle, and governor, These two ends are joined by the yoke &
The shait to which the turhine wheel and the armature are
fustened is carried by two roller bearings, one inside the yoke
casting ¢ and the other inside the housing d.  These bearings
are Iubricated by the oil cups ¢ and §. Steam enters the tur-
hine through the opening g and is exhausted through an open-
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ing at the bottom of the casing. The electrical connections 1o
the generator are made by binding posts, one of which is shown
at i, The covers § and § are removable and so enahle inspee-
tiom of the governor and the commutator to be made without
difficully, The oil cup & furnishes lubrication for the governaor.

2y, Turbinc. & verlical section of the Sunheam turbo-
generator, taken lenglhwise, is shown in Fig, 15 The tain
shaft @ rotates in the hall bearings b and ¢ and carries the
armature 4, the turbine wheel g, and the governor f. The speed
of the turhine is kepl fairly constant by throttling, or partly
closing the opening thtough which sleam flows into the tur-
bine nozzle. 1T the speed rises, the governor shuts off the
steam a little mare, and so the speed is reduced ; or, 41 the speed
falls, the governor adinits maore steam and brings the speed
back to what 1t should he. The valve by which the steam flowr
iz regulated is shown at g, attached to a long stem A that is
connected to the lever @ which is pivoted st 12 upper end and
i under the control of the governar §.

2. The turbine wheel ¢, Fig. 13, is a steel disk that fits
ot a tapered part of the shaft and is held in place by the sleeve
nnt 7. The rim of the wheel is made with a flange k that is
turned inwards and over which the wvanes or buclets [ are
hooked. A ring s i3 then serewed fast to the disk, flush
against the backs of the hooks by which the vancs are held,
thus keeping them all in pluce, vet enabling them 1o he remaved
or replaced with case.  The nozzle through which steam is
discharped against the buclets is inside the casing at », and the
steam, after being discharged from the wheel, escapes through
the exhaust opening o to the exhanst pipe. The chamber g
in which the wheel rolates is filled with steam at exhausl pres-
sure, To prevent this steam from leaking out in either direc-
tian along the shalt, packing rings g are set inlo the casing at
vach side, around the shait. These rings are made of graphited
woven ashestos and copper and require no adjustment; hut
they should be renewed after long periods of operation,

31. Generator.—The generator, Fig. 15, js a two-pole
rnachine, the poles heing formed in the nain casting v, on oppo-
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site sides of (he armature . Each pole is approximately squars
in section and its Inner face is curved o0 as to [ closely around
the armatire. A field coil, also made in square form, i5 slipped
pver cach pole and is held in place by a steel retainer that in
tirrm is held by two pins that pass through the pole pieces. The
gutline of one of the field cotls is shown at s. The ammature is
constructed ona hronze slegve § that can be slipped off the shait
o after the locknut » has been removed, Thus, in case the
arpiature must be removed, as when it iz damaged, it may
easily be slipped off and replaced by a new one, enabling the
generalor 1o he put back in service withoul losz of time,

32, The scctional view, Fig. 15, does not show the graph-
ite hrushes that eollect the current from the commutator g,

Pz, 16

These birushes, one on each side of the commutator, are pressed
against the surfuce of the commulator by flat ceiled springs,

the pressurc of which can be adjusted. A steel cover ww
encloses the commutator and hrushes and protects them [rom
dust, dirt, and steam. This cover 1z hinged on a pin & and is
held in place by a spring clip v at the hottom, <o that it may
guickly be raised to allow inspeetion of the commutator and
brushes. The armalure d has eighteen slots, in which are the
armature coils, These coils are securcly hound in place by
stecl wires, and a heavy protector of metal iz fitted over the
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coils at the end of the armature farthest from the commutator.
A sheet-steel cover z prevents dust and twisture [rom efter-

ing the generator at Lhe inner end of the armature.

33. Steam Flow in Turbine.—The action of steam in
{he turhine may be understood by reference to Figs. 16 and 17.
In Fig. 16 the head a of the turhine is shown removed, expos-
ing the turbine wheel b and the chamber in which it fums.
The novzle ¢ from which the steam [irst flows iz carried on the
head @ and fits into the space d when the head is bolted in
place, heing then dircctly opposite the [aces of the buckets an
the wheel, The head also carties the device shown at ¢, by
which the steam that has once passed through the turbine

Fin IT

buckets is caught, reversed in direction, and cansed to pazs
through a sccond time, thus siving additional impulse to the
wheel, The blades on the wheel run in the marrow slot or
passage f; thus, they receive steam on the oufside from the
nozzle ¢ and on the inside from a nozzle beneath the plate e
The steam Lhen escapes throngh the passage g to the exhansl
pipe.

24, A diagrammatic view oi the course pf the steam
through the turbine buckets is shown by the seetion in Fig. 17,
The steam enters the first nozzle @ through the opening & and
fows throngh the tapered passage o increasing in speed as it
expands in the enlarging passage. {n leaving the nozzle a it
strikes the huckets d and causes the wheel to turn. As the
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buckets curve backwards, the steam escapes [rom their inner
edges in a direction nearly opposite 1o that which it had on
leaving the nozzle o, and collects in the chamber ¢, This cham-
her is curved, so as to direct the steam once more against the
buckets, az at . The steam discharged from this second stage
of the work enters the passage 7 and goes to the exhaust. L.,._rm
the inner edges of the huckets do not revolve in so large a circle
as the outer edges, they have a speed about 350 Teet mu_.r.H triite
slower than the outer edges. Thus, the steam flowing Trom
the nozzic at f has an additional effect in giving motion to the
turbine wheel, Using the steam twice is equivalent 1o com-
potinding, and is economical of sleam,

g T - = K5 i
35. steam Strainer.—5Steam is conveyed from  the
boiler to the turbing through o 4-inch pipe that has a valve

Frs, 18

within convenient teach of the engineer in the cab. To pre-
venl seale or dirt Jowing along with the steam from entering
the turbine, a sirainer is used. The arrangement may be under-
stood by reference to Fig, 18, which shows a part of the head
of the turbine, 'The 3-inch steam pipe is connected at o and
,.f.rm steam is discharged fram it into the chamber &, from which
it flows up through the wire-gauze struiner ¢ into the passage d.
The pauze strainer 15 held in place by a spring e but both
spring and strainer ¢an he removed by unscrewing the cap [,
thus cnabling cleaning to be done rapidly.  The steam, freed
of all solid matter, flows along the passage d to the center of
the turbine head, at g, where the governor valve is located.
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After passing the governor valve, the steam continges along
the passage f to the first steam nozzle. and thence to the turbine
wheel, as already cxplained in connection with Fig. 17.

86. Governor— The entire governing deviee of the Sun-
hearn {urbo-generator is shown in section in Fig, 19, The
governor itself 1s curricd on the turbine end of the main shalt.
Tt comsisls of a body @ that is serewed on the shalt and that
carries two heavy weights b and ¢, the former heing shown in
seetion.  Each welght 1s made in the shape of an L oamd s
pivated on a pin J in the body 2 of the guvernor, The inner
arms e of Lhese weights hear agaist the flat head of a stecl
pin £ Lhat [its inside a recess in the body of the governor. A
coil spring o presses against the ander side of the head ol this
pin and tends Lo push it to the right. It is held in place by
the mul &, and {he farther this nut is screwed in, the barder
will the spring press the pin § toward the right,

27.  When the turbine is running, the governor weights spin
around with the shaft and centrilugal force is set up; that is,
the heavy cnds or weights b oand ¢ Fig. 19, are thrown out-
wards, away [rom the shaft. Thus they swing on the pivot
pins o and the shart arms ¢ mowve Lo the lelt, against the resis-
tance of the spring g. Dy properly adjusting the spring pressure
by means of the nut &, a certain speed of the turbine will be
required belore the centrifugal foree of the weights will he
greal enough to move the pin [ This is the regular running
speed to which the tuthine is adjusted. [ the speed falls below
this regular ranning rate, the spring g overcomes. the force
exerted by the weights and pushes the pin f to the right. In
other words, it the spesd gets too high, the weights push the
pin T to the left; and if it gets too Tow, the spring pushes the
pin to the right,  These movements are used to control
the amount of steam admitted to the turhine and so govern
the speed, as will now be explained.

38, Governor Tever. The end of the pin f, T 149,
bears apainst a steel ball €, held i the center of alever §. This
lever 1s pivoted on a pin & oat the upper end, the pin being held
in a threaded stud { that may be screwed into or out of the
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[ale]

bracket m, If the governor maoves the pin [ to the leit under
an increase of speed, the lever § is moved to the left; and as
its upper end cannot move, the lower end moves farther {0 the
left. This lower end fits in a slot or yoke on the end of the
stem # of the gpovernor valve. The upper half of the lever §
is hallow, as is also the stwd £ so that lubricant from the cup
may reach the stes] ball § which is subjected to the pressure
and wear of the pin § that turns rapidly with the turbine shait.

39, Covernor Valve—The governor valve, Fig 19, con-
sists of two pistons o and # on the same stem w, the piston g
heing somewhat larger in dismeter than the piston o, These
fit snugly in the bronze valve cage . Steam al boiler pressure,
cotning to the valve [rom the strainer, as described in connec-
tinn with Tig. 18, enters the space », Fig. 19, whenee it flows
through the parts 5 in the valve cape to the chamber ¢ between
the two pistons. It then passes out through the ports « on its
way to the turbine nozele. As the steam in the chamber /s
al high pressure, it {ends to push the piston o to the left and the
piston p Lo the right; but, sy the two are on the same stem,
and as the piston p has the larger area, the net result is that
the valve always tends to move to the right.  However, as the
end of the valve stem is connected o the lever §, which hears
apainst the governor pin f, it can move to the right only when
the speed of the turbine [alls and the governor spring pushes
the pin f to the right. The valve moves to the left when-
ever the speed rises and the governor pin presses to the lefl
against the ball { in the lever § and swings that lever to the left.

40. To illustrate the action of the governor valve, suppose
that the speed of the turbine increases above the normal. The
governor weights fiy oul, move the pin §, Fig. 19, to the leit,
and push the lever j and the valve stem to the left. When
this happens, the piston ¢ is moved (o the left, so that it partly
closes the ports # through which the steam must pass to the tur-
bine mozzle,  The result is that the steam is throttled and its
pressure reduced, so that when it reaches the turbine buckets
it has less effeet on them, and the speed of the wheel decreases,
If the speed falls below the regular, normaul rate, the spring g
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forces the pin f to the right, and so relieves the pressure against
the ball { in the lever §.  As the sleam pressure in the chamber
¢ always tends to push the piston pto the right, it is now free
to do this, because there is no lever pull on the valve stem.
This muvement to the right increases the opening of the ports w
and so the steam admitted to the nozzle has a higher pressure
and speed, thus hringing the turbine back to its normal rate.

41. Under normal conditions the ports 5, Fig. 19, are
always open, the regulation of the speed being governed by
the movement of the piston p over the ports 4, TF the governor
should fail, [romn any eouse whatever, the steam pressure
would force the valve over to the tight as far as it would gao.
In that position the piston ¢ would close the ports & and no
steam could enter the chamber # or reach the turbine. FExces-
give speed that might damage the turbine, the generator; ar the
Iamps would thus be prevented.

A hole is drilled through the cenler ol the valve stem so as
to connect the chamber @ with the space @ at the right of the
piston p. Thus, exhaust-steam pressure only 15 exerted on the
outer faces of the two pistong. A stuffingbox around the
stemn s prevents steam from leaking out inta the space beneath
the cover at the turbine end.

42, WValve Adjustment.—The governing valve oper-
ates at all steam pressures without the need of adjusinent, It
it so sct at the factory as to have a travel of 3 inch, and when
i get, the distance Trom the end x, Fig. 19, of the yoke to the
face v of the valve cage is 14 inches. Reselting ol the valve
is seldom necessary, as there is extremely little wear ol the
governing mechanism if the ball ¢ is kept properly lubricated.
However, il adjustment should become necessary, the teguired
1 inch of travel may be oblained by means of the stud I Tt
should never he abtained by changing the ﬁ._ummio: aof the nut i,
as that is ta be used solely for the purpose of adjusting the
sped.

4%, Capacity and Speed.—The Type RE-3 turbo-gener-
ator is intended for incandescent headliphts on hath switching
and road locomotives, It has a capacity of 500 watts at 32
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volts, The speed of 1he main shalt must be 2,400 revolutions
per minute to maintain the desired voltage ; but the voltage may
be inereased or decreased by raizing or lowering the speed of
the turhine, I'n change the speed, it is necessary to alter the
pressure of the spring in the povernor.  The locknue &, Fig, 19,
ig firsl loozened, so that the adjusting nul Bocan be turned.  1f
the speed is to he Increased, the nut & is screwed in; if the
sped 15 o be lowered,
il 15 serewed out, After
the adjustment is made,
the fockiad 15 tighiened
again.  The effect of
serewing the adjusting
nut in is to nerease the
pressure of the spring g
amainst the head of the
pin  §F; theréfore, to
overcome this increased
pressure and maove the
pin and the lever § to
the leit, the turbine will
have o run faster, so
as o produce greater
centrifugal lorce in the
governor welghts.

44, Brushes and
Trush Tlolders.—A
view of the generator
end of ihe Sunbeam
turbo-generator, with
the cover ruized Lo cxpose the comumutator and bryshes, is
shown in Fig, 20, and a deiail sketch of the brush holders and
conneerions is given in Fig. 21, correspending parts being indi-
cated by the same letrers in both illustrations. The brushes g
are graphite blocks curved at one end 1o it the commutator b
and flat at the opposite end, Fach hrush fils in o slot in the
holder £ amnd 15 pressed against the commutator by a flat spring d,
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arie end of which is cotled around the pin e, The head of this
pin 12 hexagonal and it can be turned so as to wind up the spring
and so increase the pressure on the brush,  After being
adjusted, it 15 locked in position hy the setscrew §, which bears
against one of its fat faces. The brush holder ¢ s held firmly
1o the frame g by the two 2crews b oand § which are fitted with
instlating bushings.  These prevent the electric current from
passing into the frome g and so forming a short circuit,. Wires
§ carry the current between the brushes and the posis &, and
connections are made from the posts & {o the binding posts

we and s onon the outside.  The wires leading lo the headlight
are cunnected at s and s, these connections: being commonly

called the Jersinals of the generator.

45. Sunbeam Tleadlight,—The artangement of the
various parts of a Pattern 1018 Sunheam headlight is shown in
Fig. 22 (a}. The case a that encloses the lamp, reflector, and
fixtures is made almost wholly of stecl, the varions sections
being welded together to [orm one piece. This constructinn
results in hoth stiffness and strength,  The interior of the case
iz readily accessible when the side-number doors b are opened.
The reflector ¢ and the device d by which the lamp is held are
supported by the post ¢, which iz carried by the slide £, The

L
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shide 12 a flat metzl plate that fits 1n grooves on opposite stdes of
the case. When the front door g is opened the slide f may
easily be pulled out, bringing with it the lamp, the reflector, and

e B2

the lamp support. At the rear corners of the m:.&c Bre mun._.r.a
two blocks kb and 4 that carry insulated metal strips to which
are connecled the wires 7 and & that lead to the lamp, In the
sidesnumber chambers are fixed two blocks, to which are
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screwed the spring contact strips [ and m. When the slide :f
15 in place, these spring contacls rest againzt the metal strips
oni the blocks & and i The wires from the generator are
attached to the blocks that carry the contact springs £ and a,
and the current passes to the lamp by way of the blocks & and ¢
and the wires § and & The construction may be seen more
clearly in (&), which shows the slide and its attached patis
removied from the case, ;

46, Refloctor and Lamp Adjustments. The pur-
pose of the reflector is to catch the light irom the lamyp and
throw all the light rays forwards in
parallel lines. In order ta obtsin
this result, the lamp tmust be placed
in a certain position near the back af
the reflector, If the lamp {s not
thus placed, the adjustment will Le
fanlty and the light will be scattered,
of else it will be concentrated in a
point, instead of being thrown in a
beam, The adjustment of the posi-
tions of the lamp and the reflector is
known az focusing, and it is facilj-
tated by the construction of the Tamp
support, as shown in Fig. 23, The
refleetor g 3s firmly fastened to the
clatup &, which is screwed on the top Fie, 28
of the post ¢, This clamp is split, and hetween the halves i3

fitted the post d, to which is fustened the split elamp ¢ that sur-.

rounds the neck of the lamp |
tlamps ta be tightened readily.

Locknuts 7 and & enable the

47, The lamp may be moved up or down and swung to
the right or to the left hy loosening the locknut g, Fig, 23,
while adjustment forwards ar backwards ay be made after
loosening the locknut . The nues 4 by which the post ¢ is
held to the slide 7 are used to lengthen or shorten the post and
thereby tilt the reflector downwards or upwards, =0 as o
throw the light far ahead or cluse in front of the locomutive,
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For, as shown in Figo 22 (), the veflector is supported at the
front by being bolied to the slide at the points w and o
the rod p acting as a brace.  Thus, raising the rear end of the
reflector by lengthening the post e tilts it downwards. The
hooks ¢ form grips by which the slide may easily be pulled
out of the headlight case without strain on the reflector. The
vear end of the brace $ fits over the end of the post ¢ beneath
the slide and is slotted =0 as to allow [or the adjustment of the
reflecior,

PYLE-NATIONAL HEADTLIGHT OUTFIT

48, Cleneral Arrangement. Views of  the  Prle-
Watiomal I{-2 turbo-generator for headlight service are given in
Tig. 24 {a) and (k), the former showing the turbine cnd and
the latter the generator end with the cover swung back, The
tuthine wheel rotates inside the casing @, the steam entering
at the inlet b and cscaping through an exhaust pipe connected
at ¢, The governor valve, by which the fow of steam to the
turbine is controlled, is comtained in a chamber beneath the
serew cap d. The housing ¢ carries the field poles between
which the armature rotates, and the movable cover § enables
the brushes und the commutator to be inspected easily and
quickly. The caps g close oil cups through which Tubricant is
supplicd lo the hearings of the shaft,

A9, Turbine.—A lengthwise section showing the internal
construction of the K-2 Dyle-Nalional turho-generator is given
in Fig, 25, The muin shalt o is supported by the ball bearings
Broand o, and the end of the shaft overhangs the latter bearing
and carries the armature o The turbine end of the shall is
held by the hearing &, which is mounted in the casting ¢ that
forms the turhine cover.  The chamber § surrounding the hear-
ing catches the lubricant that runs out of the bearing. The
cap g is removable, o permit the bearing to be inspected.  An
air space h 13 jormed between the turbine cover and the bear-
ing, to prevent heat from passing [rom the wheel chamber to
the bearing, Packing { prevents the escape of oil along the
sleeve of the ball bearing,
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3. Turbine Wheel and Nozzle.—A view ol the tur-
bine wheel and the attached governor paris as they appear

Wwhen removed lrom the casing is shown in Fig. 26 {a). There
dre two rows @ and & of buckels side by side along the rim of
the wheel. The inlel nuzzle and the reversing buckets are in

F ]
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one piece, shown in (b). This picce, when in place, occupies
the position shown in {g). The steam vecaping from the noz-
#le ¢ strikes the inside edges of the row of buclkels a, which
are curved, It escapes from these huckets at the outer face
of the wheel and is caught in the pockets d of the reversing
bruclkets, These pockets are U-shaped and simply reverse the
direction of flow of the steam and tum it back so that it is
discharged inte the second row of buckets at their auter cdires,
Chn leaving these buckets at the inner edges, the steam pazscs

to the exhausl. Dut hy the use of the reversing buckets and
two rows of buckets on the wheel, the steam is made to do
double duty. The governor parts are clearly shown., ‘The
semi-cylindrical weights ¢ are on opposite sides of the shatt
and are fulerumed at f. The collar g is enclosed by the spring
1, which is held firmly in the nut 7. One of the two screvws by
which this nut is held to the wheel is shawn at J.

31. The tarbine wheel j, I'g. 25, rotates inside the cham-
ber &, which also contains the governing mechanism. It is
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keved to the shaft o and at its outer edge carries a double row
of buckets against which the steam strikes. The steam that
reaches the nozzle of the lurbine must pass governor valve [,
the amount of opening of which is under control of the
governor,  The governor, shown at s, iz of the centrifugal
type and rotates with the shaft. Its method of aperation and
its action on the valve ! will he explained later, Leakage of
steam from the chamber & outwards in either direction along
the shaft is prevented by packing at » and o.

92, Governor.—The governor of the turbine consists of
twa weights that are like the halves of a hollow evlinder or
sleeve and that partly surround the shaft, One of these is
shown in section at s, Fig. 25, It is twade with a knife edre fr
that acts as a pivot and thal is carried in a suitable notch
in & bracket that is solid with the turbine wheel, The end i
of this weight bears against a sleeve » that is loose on the
shaft and thal is formed with a collar at the oppuosite end,
against which bears a spring 5. This spring is held at the
opposile end inside a nut ¢ that in turn is fastened (o the
wheel hub by two adjusting bolts, one of which is shown at .
The collar an the sleeve # rests against a ting » of antifriction
metal that is held in a frame attached to the arm 1 of a bell-
crank lever pivoled at oo The other arm v of this bell-crank
is forked and fits over the stem £ of the governor valve 7,

3. Governor Action.—When the turbine is tinming,
the governor weights s Fic. 25, the gpring £, the collar #, and
the nut ¢ all turn with the wheel 7 and at the same speed,  The
spring s presses the collar ¢ against the ring = and so0 tends
to push the arm  to the right and raise the arm 4 which
would have the effect of pushing the stem g up and so [otcing
the valve [ shul, thus cutting off the entrance af steam to the
nozzle. But a spring on the lower end of the stem counter-
acts this pressure, and so long as the turbine runs at the
proper specd the valve [ remaing open: I the speed gets too
high, however, the weights are thrown outwards by centrif-
ugal foree and their short anns g press againgt the sleeve »
and assist the spring 5. The sleeve » iz therefore moved to
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the right, causing the hell-crank to turn on its pivol & and
partly closing the valve ! against the pressure of its spring.
The partial closing of this valve restricts the Aow ni steam te
the turbine nozzle and sa culs down the specd. A soun as
the speed falls, the centrifugal force becomes less, and the
influence of the weights is removed, so that the spring on the
stetn 2 opens the valve { again and

pushes the sleeve » bacl inle its

normal position,

44, Governor Valve.—The
governor valve shown at [, Tig, 25,
15 shown enlarged in Fig, 27
The valve fiseli is a double-ended
piston o that slides up and down
mside the bronze valve cape D,
which is made tapering on the oul-
side and is held in place in the tur-
bine by the cap . Steam irom
the supply pipe enters the space o
surrounding the upper end of the
valve and  passes through the
sirainer ¢, which is carried by the
serew cap Fo It then eollecls in
the chamber g and flows down
around the valve into the space &,
which  commuanicates  with  the
passage through which it flows io
the riozzle. If the governur acts
to decrease the speed, it pushes up
on the stem 4 and so forees the
valve o upwards., The lower pis-
ton thus is brought nearer the outlets of the passages f, and
the steamn flowing through is throttled, or reduced in pres-
sure, which in tum canses the spead of the (urbine to decrease,
The spring k forces the stem down when the pressure due to
the governor iz relieved, and the steam pressure then pushes
the piston valve a down.
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a3, Hpeed tegulation.— The speed at which the turbo-
generator runs depends on the governor adjustment; but the
normal running speed iz 3,000 revolutions per minule. At

Fro. it

this speed the generator will deliver its rated capacity of 500
watts at o pressure of 32 volts. If it is found that the speed
iy Incorrect, the governor valve necds adjustment.  Tsoally,
the speed of the turbo-generator will increase by reason ol the
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wear of the governor parts. To adjust the valve, it is first
necessary to remaove the valve cap ¢, Fig. 27, the spring 1, and
the cap [ that holds the strainer, thus exposing the top of
the valve and valve cage.  These must be flush with each olher
when the valve is correctly adjusted.  If they are not even,
the nuis s and » must be adjusted until the top of the valve o
gomes flush with the top of the wvalve cage b,oas indicated
al ¢.  Then the nut m should he locked in position by the nut #.
successive adjustments of the gprvernor valve will result in
moving the nuts w oand 5 higher on the stem, until linally
they will reach the limit and can be moved no farther., It then
becomes niecessary to renew the antifriction ring e, Fig, 25,

otk Prle-National Headlicht.—An ootside view of
the Pyle-National standard incandescent headlight is piven in
Fig 28 (a) and a part sectional view in (b, The case @ is
made of rolled steel reinforced hy heavy bands, and the attach-
ments are of malleable fron. Al seams and joints by which
the various parts are connected are welded by electricity, so
that there iz no chance af (heir Inosening tnder the effect aof
vibration, The case is supporied on two brackeis & and ¢ that
have slotted holes d to allow the headlight to be adjusted some-
what, alter being placed on the locomotive. The front is closed
by a door ¢ containing a lens, and there is a number-plate door f
on each zide, through which access 1o the interior of the case

may be gained.

37. The incandescent latnp g, Fig. 28, is held by a stand-
ard kb that is fastened to a slide {  The shide is a flat plate
to which the reflector f is attached al the front, When the
door ¢ is opened, the slide may be pulled out of the case by
mieans of twa handles, one of which iz shown at & When in
place in the case, it iz held back in its correct position by the
pressure of the clip [ fastened to the inside of the lens door.
The wires m lead from the lamp to insulated posts # at the
back end of the slide, and when the slide is in place in the
case, these posts o are wedged between the jaws of two inso-
Tated contact blucks o that are attached to the case. The wires
that convey current from the generator to the headlight are
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connected to the contact blocks o, and thus the circnit is com-
pleted through the lamp

A8, Micrometer Adjustable Tamp Stand,.—Iront
and back views of a micraometer adjustable lamp stand are
shown in Fig, 29 (a) and (&), The lamp socket o is carried
by @ sleeve boihat fits snuely inside a sleeve ¢ cast in one plece
with the block &, By meang of the screw ¢, the slecwe b may
be mowved bacle and forth inside the sleeve ¢, thus enabling the
lamp lo be moved backwards or Iorwards inside the reflector.

Frz.

The square block d fits in guides in the hollow frame [ and
ey be mowved sidewize by means of the serew g, thus allowing
for sidewize adjustment of the lamp. The hallow frame § i3
held in vertical guides in the stand b and may be moved up
and down by the screw 1, thus making possible the vertical
adjustment of the lamp. The base 7 of the stand is firmly
bolied to the slide in the beadlight case and the adjustments in
three directions insure that the lamp will be properly located.
Fach adjusting screw is fitted with a locknut by which it may
be held in place after the necessary adjustment has been made,
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CENERAL ELECTRIC COMPANY HEADLIGHT
OUTEIT :

2%, General Arrangement.—Views of opposite sides
nf the (ieneral Eleciric Company turbo-gencrator for electrie
headlight service arc shown in Figo 30 {a) and (&), The tur-
hine wheel iz contained in the casing o, which is part of the
casting b that encloses the [eld coils, poles, armature, and
governor.  The circular cover ¢ may he removed o allow
inspection of the turbine wheel, A hinged cover d at the appo-
site end protects the commutator, brushes, and bearing of the
tain shaft.  The steam enters the boliom of the steam chest ¢,
which containg a separator for removing excessive mmolsture
from the steam, as well a9 o sereen for catehing all zofid mat-
ter.  This tnoisture is led off through the drain §, the steam
flowing ta the turhine nozzle alter passing Lthrough a reducing
walve heneath the cap g A pop-valve fabove the chamber
lending to the nozzle prevents any overpressure of steam,  The
exhanst cscopes through o pipe attuched to the outlet 4. The
filting § is a conduil contection box contsining the terminals
ol the generator, to which the wirez are connected. The eye-

halt & affords a simple means of lifting the entire tutho-
generator.

60, Details of Construetion.—»A sectional view of the
turbo-generstor as it would appear 1l out lengthwise ina hori-
zontal direction and then viewed from above, 12 given i Fig. 31,
The shaft o on - which the turbine wheel & and the arma-
ture coare fixed 15 carricd by the Loil bearings o and e The
wheel 15 held in place by a key in the shall and by the nut f.
Teis buill up of two disks or plates laid face to Tace and riveted
together over a circular hub, “The huckets ¢ are made with
T-shaped tongues that arve gripped by the ovter edges of the
wheel disks and are thus held to the wheel, The buckets also
have short lugs gl thetr outer ends, which it inlo boles in a
sttip of wetal & thal encircles the tips af the huckets, These
lugs are riveted over on the outside of the metal strip, called the
shrondong, and Lhe buckels are thus held fiemly together.
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61. The geneeator, Tig. 31, has two poles { on which are
wound the field coils j. The brushes & are supported by brush

holders attached to the ring 7. The hall bearings are Tabricated
by oil rings s that hang dewn from the shaft and dip into oil
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wells below, the lurning movement cartving the oil rings
aroutil and raising the oil {rom the wells to the hearings, Tu
prevent the escape of oil along the shafe, labyrinth packing
15 wsed, as shown at-n, while the caps o prevent the escape of
ail at the ends. “The bearings are held tightly in place on the
shaft by the tupered plugs 2, which, screwed into the ends of
the shaft, expand it sufficlently to cause it o grip the inner
rings of the bearings tightly.

62. ln order to make allowance for a varying lamp load,
and so provent the turhine from overspeeding, a magnetic brake

1, 32

is provided. The paris (hat comprise the brake may be seen in

Fig. 31, bur Fig. 32 shows a petspective view of the details,
from which the construction may he mare sasily understond.
Corresponding parts are given the same reference letters in
both illusirations, A copper cylinder g i3 riveted lo the tur
bine wheel and turng with the wheel, Tt fits in the narrow
space between the frame of the machine and the circylar iron
disk , which is bolted to the central hib s of the turbo-generator

and earries a casing ¢ inside which are two coils or windings
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cand . A current sent through either of thess windings
akees an electromagnet of the disk »; but the windings are

o arranged that they oppose each other in magnetizing effect.
he coil # 15 connected directly across the terminals of the
erator and the other coil + fonms part of the load circuit,

6:3. When the disk +, Figs. 31 and 32, is magnetized and
he copper cylinder s rotating around i, currents known as
iy currents are set up m the copper evlinder, and the tesule
; 1o cause a drag or bruking offect on the cylitider and thus

ard its motion and that of the turbine wheel, The greater

the degree (o which the disk # is magnetized, the stronger is
this braking effect. There is nn contact of the cylinder ¢ and
the disk v The whole ellcct 1s purely magnetic, If there iz
10 lamp load, the coil & receives no current and the magnetizing
effect of the current in the coil w is very strong, resulling in a
heavy braking eflect on the cylinder, and so preventing the

irbine from everspeeding ; but when the lamp load is on in
:.E the magnetizing effect of the coil ¢ is great enough to
. Tzel that of the coil «, with (he result that thete is no retard-
__.m._m. effect produced. Between these two extremes the braking
effect increases as the lamp load decreases and o the speed of
the generator remains unilorm.

G+, Bteam Separator.—The sectional view, Fig. 33, is
~a vertical section through the steam chest on the center lines
“of the reducing valve and pop valve. The steam cnters the
lower end of the steatn chest through the pipe o, and thence rises
through the vertical pipe b, from the upper end of which it is
- discharged into the umbrella-shaped cap ¢ This cap deflects it
CGuwnwards into the chamber d, from which it again rises and

 passes through the sereen e, The double change of direction
.m How of the steam in getting past the cap ¢ tends to throw
‘out all the moisture carried by the current and the screen ¢
prevents any solid matter from being carried along. The mois-
ure colects in the hottotn of the chamber d, from which it is
allowed 1o escape past the valve § to the drmin g, The body
0l the steam chesl is surrounded with non-condueting mate-

qﬂmH F to prevent loss of heat {rom the steam,
. iy
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653. Reducing Valve.—The cover of the steam chest,
Fig. 33, carries the reducing valve 4, which consists of & steel
stem that fits snugly inside the valve cage . A cenlral hole E
is drilled into the lowcr end of the stem, as shown by the dorted
tnes, and the hule [ cotmunicates with this central passage,

Diry steam, after passing the sereen ¢, flows up the hollow stem
and escapes through the hale [ into the space w0 sround the
stem. Pwao holes #oand ¢ in the valve cage permit the steam

Lo cscape from the chamber s into the space p, from which it
flows along the channel g to the passage  that leads to the tur-
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bine nozzle. A collar 5 is formed on the wpper end of the
stermn and on it are placed a number of very thin washers £
The spring » inside the cop = exerts pressure on the stem and
tends to force it downwards,

66, The object of the reducing valve i, Fig. 33, is to main-
tain a practically unilorm pressure of 100 pounds per =quare
inch in the passuge ». When steamn is turned on, the pressure
in the stearmn chest acts
upwards on the slem |
apainst the  downward
pressure of the spring,

Al the same time, sieam
fevws up the central pas-
sape k. oot doto  the
space w, and thence into

the passage g 5o long

as the rule of flow is
such as 1o mainiain the
desired pressure in the
passage  #, the wvalve
stem 4 does not move.
But if the prezszure {ends
o rise, the stem  is
forced upwards  some-
what, so that iz lower
el partly  covers the
port o and throttles the
sleamn, thus reducing the
presaure, In this way,
by moving up and down,
anid so throttling the escaping steam more or less, a uniform
pressure at the nozzle iz maintained, Lf, through some acci-
dent, the valve stem € should stick, the pop valve @ will relieve
excess of presstire, as il 1% set 1o open at 120 pounds per
siquare ingh,

67. Adjusting Vollage.—The speed of the turhine
depends on the pressure of the steam admitted to the nozzle,
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and the voltage of the current depends directly on the speed.
Therefore, to vary the voltage il is ouly necessary to change
the running speed, which may be done biw changitg the number
of washers on top of the valve stem i, Fig. 33. For example,
1t the voltage is to be reduced, remave one or move of the
washers £, These washers should be about one hundredth of
an inch thick, in which case the remaval of ane will decrease
the voltuge about 2 volts. Adding washers will increase the
voltage,

6B, Turbine Nowzle.— The arrangement of the turbine
nuzzle with respect to the buckets may be seen [rom Fig, 34,
which is a section through the nozzle and surrounditg parts,
The nozele a fits snugly into a hale drilled at an angle to the
wheel and the side of the nozzle tip is cut away, so that the
clearance between it and the buckets b will he very small. A
glot ¢ 15 cut in the side of the nozzle and a pin d is fixed in the
wall so that the nozzle will always be inserted in the correct
pasition.  The lockaut ¢, when serewed down, holds the nozzle
in place, a tight joint being made at # by means of a pasket.
The steam enters the buckets at one side and escapes into the
exhaust passage g at the other side. A part of the shrouding &

is shown, with the tongues § on the ends of the buckets riveted
over on the outside of the shrouding,

INBSTATLLATION AND OPERATION

69, Locating the Turbo-Generaior.— he turho-gen-
crator should be located on top of the boiler, in front of the
whistle dome, or just in irent of the eab, or just hehind the
stack, as may be found most convenient or practicable : but if
it is placed back of the whistle, pops, or sand dorme, it should
Le fitted with a protector plate to shield it [rom escaping sleam,
goot, sand, cinders, ete, Care should be taken to sce that no
_part of the turbo-generator extends beyond the cearance lines
of the locomative, and that the inspection doars or covers may
be opened without fouling any rods or pipes, The generating
outht should be easily accessible, so as to insyre trequent
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inspection and save time in case repairs are to be made. A
steel hedplate ar bracket, of the form shown in Fig. 35, should
he [astened by studs to the top of the boiler, and drilled, as
ala, o mateh the bolt holes in the Trame of the turbo-generator.
There should be enough space between the fat top & and the
boiler shell ¢ to allow the nuts of the holding-dewn bolts to be
inserted easily. The holes o should he slightly larger than
those in the frame of the turbo-generator, so that any slight
errors in matching the holes will cause no trauble. The turho-
generator should be set crosswize of the boiler and should be
fevel on the hedplate

when the engine is
standing  on o leyvel
track.

T0. Steam Pip-
ing of Turhine.
The steam for the
turhine should he
taken from the dry
pipe or from the tur-
ret in the cab and led
to the turbine through
a F-inch or #iuch
pipe. A metal-disk globe valve should he inserted in thiz pipe,
within casy reach of the cnginesr, to serve as a means of
admitting steam to the turhine in starting and of shutting it off
in stopping. If it is found desirable, a tee may he inserted in
the pipe near the turbine, so that oil may be introduced into the
entering steam to prevent the accumulation of {oreign matter
on the internal parls of the turbine. Long steam lines are to
be avoided, if possible, as they are hiard to keep tight under
the vibration of the locomotive. To prevent excessive con-
densation of steatm, the pipe may be run underneath the jacket
of the boiler.

71. Exhaust Piping and Drains.—An exhaust Dipe
1} inches in diameter should be connected to the exhaust open-
ing of the turbine. If the turbo-generator is locuted near the
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stack, the exhaust pipe may be run up along the stack to the
top.  If the turbo-penerator is neat the cab. the exhaust pipe
should be run upwards and then bent baclowards 2o as o allow
the steam to trail over the top of the cab. To produce the
hest results in turbine operation, the exhaust pipe should be
as short as possible and free from sharp bends, 11 the dis-
charge end ol this pipe is reamed out, the whistling noise of
the exhavst will be greatly reduced. A $-inch drain pipe
should be run downwards from the turbine Lo a poing below
the running board. 1t should contain no valee, but shonld
alwavs he open and free to discharge condensation.

T2, Headlight Wiring Diagrams.— The wiring of the
lighting outfit will vary somewhat according to the service in
which the Incomotive is engared.  As a simple illustration, tale
the case ni a locomotive used lor swiching service. It will be

s

F1a, 34

fitted with front and rear headlights, a deck light, three cal
lights for the water glass, pressure ganges, and lubticator, and
an engineer’s lamp.,  These will be arranped on three cireuits,
as shown in Fig, 36, which is the wiring diagram for this tvpe
of engine. The deck light o, enginect’s lamp b, and cah lights ¢
are.on ene circuit, indicated by the wires d and ¢, which lead
directly to the generator . The front headlight ¢ is on & eir-
cuit that may be closed by closing the switch b, and the rear
headlight { is on another circuit that 1s controlled hy the
switch 7. Fuses & and I are inserted in the circuits to prevent

damage from excessive current.

73, If the locomotive iz employed in lhrough service, it
carries a front headlight, the usual deck and cab lights, a pair
of classification lights, and a number light, or nuamber-plate
light, in the lop of the headlight casing. It may also have a
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headlight dimmer, which is simply a coil of wire having a high
resistance, that 15 placed in the headlight lamp cireuit. The
resistance thus introduced reduces the curfent to the lamp and
s0 tnakes the lamp burn dim, The witing diagram is shown in

fig. 37, The headlight lamp ¢ is an onc cirewit that has
switches at & and ¢. The former, when apened, completely
culs off current to the lamp. The switch ¢, when opened,
compels the current to pass through the resistance coil indicated
Ly the zigzag line @ and so makes the lamp hurn dim.  T§ the
switch ¢ is closed, the current passes through its blade and the
headlight burns with full brilliance. A1l the other small lights,
mmcluding the number-plate lamp ¢ in the headlight case, are on
a separate circuif., A fuse board or puncl f carries fuses that
protect both cirenits,

4. Electric Wiring.— It is necessary to protect all wires
leading 1o the headlight and to the various other lamps so that
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they may not be accidentally broken or hecome detached.
Metal conduits should be used, The wires are held inside
these and are thus protected from damage.  The conduits
themsclves may be fastened to the roof of the cab and to the
supports of the hand rail,

73. SHtarting the Turbine.—No particular care need be
observed in starting the turbine, The valve an the steam line
is simply opened, and if the turbo-generator is in proper run-
ting condition, the turhine should start at onee. It is well,
however, to blow high-pressure steam through the steam-
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supply pipe of a newly installed ouifit befare {hat pipe is con-
nected to the turhine, in order that all scale and dirt inside
the pipe may be torn Ioose and blown oat. 14 this precaution is
nit taken, the dirt that may accumulate on the strainer may
clog it and prevent the proper operation of the turbine, The
valve on the supply pipe should be wide open when the turbo-
generitor is in service and the cab lights should huen brightly
when the turbine has cortie up to normal speed of running,

6. Adjustment of Rall Beavings.—If the turho-
genierator is 1o run properly, the ball hearings must be kept
lubricated, free from dirt, and correctly adjusted. It is advis-
able to have the outer race, or ring, of the hall bearing [it
Inosely enough in the housing to allow it to work around slowly
in the direction in which the shall rotates, This cresping of
the outer race will result in uniform wear of the heating ;
whereas, if the fit is too tight, so that the outer race canmnot
turn, the wear will come mainly on the lower part, O the
other hand, if the auter race fits too loosely in the housing, it
will vibrate under the rapid rotation of the shaft and the vibra-
tion will quickly pound out the seat of the hearing. Ball bear-
ings may be cleaned by removing them at intervals of twa or
three months and washity them thoroughly in kerosene. The
housings should be cleaned at the same time.

77. Vibration of Rotor.— 1T the rator, ar rofating part
of the turbo-generator, vilirates when tunning, the chatices are
that the bearings are worn or looss, and these should be
examined first of all. However, there are other {aults {hat
may produce excessive vibration. For example, the armatire
shaft may be sprung, se that the rator does not run true ; o
the armature itself tnay be out of balance. The shaft should
not be allowed to have endwise play, particularly in those types
of machines in which such movement will affect the action of
the governor. y

T8. Testing Governor Action.—The governor should
work freely and promptly at all times, so as to prevent exces-
sive speed. 1o test the working of the governor on any turbo-
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generator used with an incandeseent headlight, all that is neees-
sary is to run the turho-generator under logd and then unlnaded
and nate whether the governor contrals the speed when the
load is removed. To prevent burning out the lamps, the wires
leading to them should be disconnected and & resistance coil
should be adached to the terminals ol the gencrator. One
form of such cwil is shown in Fig, 38. Tt consists of an ol
spool @, about 14 inches in diameter, around which is ghied a
sheet of ashestos o inch thick. On the vuter surface is wound
a spiral & consisting of 6 feet of No. 12 nichrome wire, The
ends of this wire coil are firml ¥ held between copper washers
under the heads of the serews ¢ and o, which pass through the
spool and are fitted with brass nuts ar e and Fo The wires
g and A that conneet

the resistance coil

with the penerator are

attached at ¢ and 7.

The throttle valve

should be fully open

during the test and

the load due to the

resistance coil should lic, 32

be thrown on and off several times by connecting the enil to
the generator and disconnecting it in turn,

9. Shaft Packing.—The purpose of the packing around
the rotor shaft is to prevent the escape of steam from the tur-
bine.  If the steam iz allowed to Blow aloty the shaft, it may
reach the oil chamber surrounding the ball bearings. The con-
densation of this steam will cayuse water to aceumulute in the
oil ehamber, drive oul the oil, and su leave the bearings with-
oul lubricant, in which condition they will soon become pitted
and rusted,  Thercfore, the shalt packing should be kept in
good condition and sct up tightly enough to prevent leakage of
sleam,

B0. Lubrication of Turbo-Generator,—The bearimngs
of the turbo-gencrator TEqUITE Chntinous librication, and the
necessary cups for ol or grease are supplicd with the machine,

L
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The method of lubrication and the kind of lubricant to be
used will depend on the make ol machine, and so no fixed mle
can De laid down. But, in any case, the recommendations of
the maler as to the quantity and grade of vil or grease to he
used should be followed,

81, Changing the Lubricant.—In some makes of tur-
bo-penerators thal are so constracted as to use oil for Tubrica-
tivn, grease may be substituted without making any changes
in the equipment. “The first thing to do i2 {o temove the bear-
ingz and wash vut the il chambers thoroughly with kerosene,
If compressed air is available, a jel {rom o nozele should he
directed into all crevices and corners so as Lo drive out all dirt
and oil that may remain there, and it would he well Lo subject
the hall bearings to the same treatment,  The hearings should
then be put back in place, and the oil chambers should be filled
with grease. The grease used must not contain dirt, grit, or
acid. It is an cxeellent plan to consult the makers of the
cquipment as (o the brands of lubricant that they recommend,

82. Care of Commutator and Broshes,—The suriace
of the commutator should be kepl srcoth, rowd, and true, so
that excessive wear and sparking of the brushes may he
avoided. |1 the surface should become rough, it may he
smoothed with sandpaper.  The valve on the steam-supply pipe
should be opened very slowly until the turbo-generator 15 run-
ning at # low speed. “Then a sirip of Nu. 0 sandpaper nearly
as wide ag the commutator should he inserted nnder the upper
hrush, drawn down on buth sides, and Eepl taut by haolding
with the fingers. While the generator is running, the strip
of sandpaper should be shilled to and fro in an axial direction,
until the surface of the eommuator 1 smooth.  The correct
position of the sandpaper is indicated in Fig. 3% Emery cloth
or emery paper should never be used for this work,

83. If the face of the carbon brush, where il bears apainst
the commutator, becomes rough or scored, It may easily be
trued, The strip of sandpaper, Fig, 39, is reversed, so that
the sanded face is against the brush, Then, with the ends
pulled down as before, it i drawn under the brush in the
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direction in which the commutator turns, iy pulling on one end.
The operation should be repeated until the brush is ground
smwooth and i: of the same curvature us
the comiutator, The brush should bear
uniformly against the commutator at all
points along the face of the brush, Its
bearing may be inspected by removing it
from the holder, which i3 easily accom-

- plished afrer the spring is lifted,

84, The commutator hars are insu-
ated from one another Ly strips of mica inserted between
themn. These insulating strips should not be even with the
siurface of the commutator bars
bt should be slightly below it
They may easily be eut dawn by
making use of o piece of hack-
saw blade having a width equal
to that of the mica strip. A
handle should be faslened ia the
blade and the tool should then be used as in g 400 All
the mica should be cut away to a depth of about § inch Lelow

the surface of the bars.
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will not remedy matiers, it should be frued in a lathe. Tg
- Perfonm this operation, the entire armature should be removed
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from the generator and slipped on a mandrel, which nay he
an exira shall. The lathe tool nied for tuming down the face
of the commutatar should have a shart point and the feed
should be fne, so that very light ents will be taken.  The sur-
face should be finished by polishing it with sandpapet in the
manner already described, 1t should #of he filed. After the
truing operation has been finished, it will probably be necessary
to cut down the mica between the bars, as previously explained.

86. Sparking at the Brushes. When the generator
is in operation. trouble may be experienced through excessive
sparking at the points wheare the brushes rest against the com-
mutator. Such sparking may be due to one ar mare of a num-
ber of causes, among which may be mentioned the following:

1. The brushes may rest too lightly apninst the commutatar,
i1t which case Lhe spring pressute should be increased,

2. The brushes may be worn so short that they cannot be
made to hear properly against the commutator, in which case
they should be renewed.

3. The brushes may be composed of poor material,  Ti this
15 the cause, they should be replaced, .

4, The brushes may he rough and uneven where they touch
the commutator.  If so, they should be smoothed by sand-
papering, as already explained.

5. The surface of the cormmutator may be rough, in which
case it should be sandpapered or dresseéd up by turning in a
lathe, ;

fi. The commutator may not run trae.

7. The strips of mica between the commutator bars may
project above the surface of the commutator. These should
he cut down, as previously described,

8 There may be a short cireait,

8%, Routine of Inspectlon,—To insure the greatest
freedom from operating troubles and brealedowns, the head-
light apparatus should be given regular and complete inspeetion.
In making an examination of the differcnt parts, a definite
plan should be followed, so that nothing may be overlooked
or tieglected.  Merely as a suggestion, the following order
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of inspection is cutlined: {s) Preliminary inspection; (&)
inspection of turbine: (¢) inspection of generator; (d)
inspection of headlight. “The details of these four steps will
now be congidered.

B8, Preliminary Inspection.—The stemm should he
tiurned on and the turbine brought up to speed; alter which the
switch should be closed so as to throw on the lights. These
should burn steadily and brightly. If a voltmeter is available;
it may be connected across the terminals of the gencrator and
the voltage may thus be determined. 1t should be [rom 32 to
33 volis,

BY, Inspection of Turbine.—The cover at {he {urbine
end should be removed, and the turbine buckets examined to
see whether thiey are damaged or worn, 1T the governor parts
are visible, they should be examined to see whether they are
properly adjusted and in working order. The strainer in the
steam inlel should be cleaned, if necessary.

90, Inspection of Generator.—The cover at the pen-
erator end should be removed and the condilion of brushes
and commutator observed, to see that no undue sparking s
laking place. The screws and muts holding the wires in posi-
tion and fastening the brush holders to the frame should be
tight, and the wires leading from the brushes to the penerator
terminals should not touch the cover when it 1s closed. Cin-
ders or dirt inside the cover should be eleaned ot

91. Inspection of Headlight.— Becausze of the vibra-
tion to which the headlicht case {3 subjected, it should be
inspected carelully and all nuts and screws should be tightened,
particularly those that control the adjustment of the lamp for
foeusing purposes.  The lamp itself should be screwed home in
its socket. The slide should be held firmly in position and the
reflector should be clean and brilliant,

92, Care of Headlight.—Az the teflector, lamp stand-
ard, and contact blacks are carricd by the slide, it is not neces-
sary 1o (isconnect any wires when the reflector is to he
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removed.  All that ds required is to open the front door and
pull out the slide, using the pullityr rings or loops for this pue
pose. Under no cireumstances should the reflector be grasped
with the fingers to remove the slide, as by so doing there is
danger of hending the reflector and tarnishing its interior sur-
face. The reflector is commonly made of copper, which is then
silver plated and burnizshed on the izide, 20 a8 to produce a
briliant reflecting surface. The glass globe of the lamp should
be clean and the lens should be frec from studges and fnger
prints.  In some instances, glass reflectors are wsed.

93, It is absolutely necessary to keen the reflector bright
und clean. If it is allowed 1o become dull and taurnished, the
ellcetiveness of the Hght may be reduced very greatly.  In case
the reflectar does become dirty, 4 good way to polizh it is to
apply a suitable abrasive, using a fine grade of cotton fannel
us A polishing eloth. “The tmakers of the various types of head-
lights will suggest the grades and kinds of abrasives to be gsed.
So-called metal polishes should always be avoided. In polishe
ing the reflector, the rubbing should he struight inwards from
the ritn to the cetter and out again, and not in cireles;

94, Forcusing the Headlight.—The headlight  shanld
be praperly focused.  This may be done by throwing the beam
of light against a wall situated from 60 to 70 feel from the
tamp.  First adjust the lamp position, hy moving il sidewise
and up or down, until the light thrown against the wall APPERLS
a8 A series of rings, one inside another and all having the same
center. Then tiphten the adjusting serews on the sidewise amd
vertical adjustinents, as the lamp is then on the center line of
the reflector.  Next, the adjusting screws that control the for-
ward and backward movement should he loosened and 1he lamyp
moved until the cirele of light against the wall is as small as
can be obtained.  Then the lamp is propetly adjusted and the
retining adiusting serews should be tightened and locked, so
as to hold the lamp in position. 1F the Light iz ton high or too
low ta sirike the track properly, the reflector and lamp together
should be tilted downwards or upwards, as may be necessary.
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95, Shape of Reflector—The rellector of the locomg-
tive headlight is bowl-shaped and the inside sutface is a parah-
oloid ; that is, i1 the reflee-
bor were cut in two along
itz cenler line, the curved
outline of the inside would
be a true parabula. TFig. 42
shows the outlinge @ of a
parabolic reflector. The
pariabola is a curve that has
a cerfain peculiar proporty.
Inside the curve, on its cen-
Let line, is a point b called
the forus. If a light is
placed at this poing, or
focas, its rays will strike
the curve ¢ at wvarious
angles, as at ¢, d, ¢, and f.
But in each case the ray of light will he reflected in one divec:
tion, which is a straighl line parallel ta the center line of the
parabola.  In ather words, 1he light ravs are thrown out at the
large end in patrallel lines,
as indicated at g, R 4
and §, Consequently, when
a  headlight  reflectar s
parabolic in shape and the
lamp s placed exactly at
the focus, the reflected light
will form a beam in which
all the ravs will he parallel
and will therefore carry in
the greatest distatce, with
1lie best effect.

Frz 42

6. Importance of

Ty Corroet Focnsing,—It is
important to have the lamp located precisely at the focus of the
parabola, il the light is to be thrown to the greatest distance
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with the best effect, Ti the lamp is sct at ¢, Fig. 43, hehind
the focus b, the Tight rays, striking at ¢ and o, will be reflected
outwards in diverging rays ¢ and f; in other words, the
reflected light will be scattered and will illuminate the road
only a short distance in front of the locomotive. 17 the latnp
is set ahead of the focus, as at o, Tig. 44, the light rays that
strike the reflector, as at ¢ and d, will be thrown forwards in
converging rays ¢ and f that will meet and cross at some point
ahead of the locomotive. Up to the paint at which they meet,
the light beam will gradually grow smaller, but will be brilliant.
Beyond the crossing point
the rays will diverge and
the Iight will be scattered,

7. The lamp may he
properly focused with re-
spect. to the reflecior and
yet may not be correctly
set with respect to the
track, Consequently, after
the lamp has been adjusted
g0 as to throw a beam con-
sisting of parallel rays, the
headlight case must be set
b throw the beam dewn the
center of the track, so
as to illuminate objects at a distance of fram 800 to 1,000 feet
ahead of the locomative, If the heam does not shine down
the center of the track when the lamp has heen propetly
focused in the reflector, the case must be shifted to the right
or ta the left until the desired position is obtained. If the beam
has the proper direction, but strikes the track too close in front
of the locomotive the front end of the case should be raised
by placing shims under it.  Under no circumstances should the
lamp be put out of focus in the reflector ta throw the beam
central on the track,

Fra. 44

-

98. Bwitcher Tens.—The goggle glass, or lens, in the
iront door of the headlight case is clear and smooth in head-
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lights that are intended for road service, so that the heam of
light will not be obstructed or scattered, but will be thrown
forwards to the grealest possible distance. In the case of an
engine used in switching service, however, a single powerful

heam of light from the headlight is not desirable. It is too

brilliant and produces a blinding glare that may prove dan-
gerous to switchmen, yardmen, and enginemen. TFor a switcher
headlight a softer light is desired. Such a light may he
obtained by using a goggle glass that scatters or diffuses the
rays of light reflected from the parabolic reflector. One [orm
of switcher lens that accomplishes this purpose is shown in
Fig. 45. The outer face is

smaooth, but the inner face, e B
toward the lamp, is formed
into a large tumber of f :
stmall ridpes.  The result is
that the Hght rays do not
pass through in  straight
lines, hut are hent al dilfer-
ent angles, thus producing
a soft, diffused light

A |

M. Control of
Lamps.—1f the equipment
is in proper condition, the
lights in the cab and the
number-plate lamp in the headlight case should burn brightly
as svom as the turbo-peneralor reaches its normal running
speed.  With the wsual form of witing, there is a dotible-
throw swilch in the circuit leading to the main lamp of the
headlight. In one closed position of the switch, the full current
passes to the lamp and gives it its greatest brilliancy. [n the
other closed position, the dimming resistance {3 put in the
circuit, the current is reduced, and the light is cut down to
ahout half its former intensity. When the switch 15 in the
upen position, ne current is furnished to the headlight except
that for the number-plate lamp. The other lamps have
switches in their sockets, so that they may be shut off easily.

Fro. 45
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100, Speed and Voltage.—The speed  of  rofation
affects the current produced, hecause the voltage is proportional
to the rate at which the armature coils cut actoss the lines of
force hetween the poles, The faster the armature turns, the
grealer the voltage. I the specd gets too high, therefore, the
voltage will he excessive and the headlight lamp and the cab
lights will all hecome unusually bright. Ti the voltage con-
tinues to increase, the lamps will be burnt out, On the other
hand, if the turbine speed decreases, the lights will grow dim-
tier as the speed falls. 11 the lights Aucluate, or growe bright
and dim alternately, the speed of the turbine is not heing kept
uniform and the governing device is at fault. I[ the cab latnjs
burn properly when the headlight is on, but get very bright
when the headlight switch is opencd, the indications are that
the governor is unable to control the speed properly, and the
temedy is to clean and readjust the governor.

101. Turbine Failures.—The turbine should start just
as soun as the steam is tumed o If it fails to do so, steam
is not being admitted to the turbine, or else it cannot EACADC
from the turbine, Sometimes a second valve is used an the
steam-supply pipe, and in that case it is well to determine

whether this valve 15 open. On the other hand, the failure of
steam to enter the turbine may Lic due 1o a clogged strainer.
The strainer can be examined readily. Apain, the trouble tnay
be due to freezing up of the turbine, which may oceur in cold
weather. If freezing is found to be the cause, the drain pipe
should be dizconnected and placed ia the frebox to thaw out.
Meanwhile, steam should be turned on 1o the turbine, If the
buckets arc frozen up, the steam will everlually blow through
and loosen them.  When all is clear, the drain pipe should be
reconnected.  Froezing may be prevemed by leeeping the steatn-
supply valve open just etiough to keep the turbine turning
slowly, without gencrating enough current 1o cagse the lamps
to glow. If the turbinc starts, but soon slows down or stops
cotupletely, the fault probably is a clogeed strainer.  This ia
particularly likely to occur in the case of a newly installed outiit
or when a new steatn pipe has been fitted,
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102. Failure of Lights to Burn. —1[ the turho-getiera-
tor is running at the proper speed and vet the lamps fail to
butn, the trouble may be due to one or more of a tiumiher of
things, A wire may have jarred loose fram ity connection, or
may have broleen off, this preventing the flow of electricity.
The brushes may not he bearing against the commutator, in
which case no current will pass. The commutator may be
dirty, ot the brushes in bad condition, =o that the proper eur-
rent does not pass. If fuses are used on the lighting circuits,
a fuse may be lonse or bumed out, and should be ightened or
replaced.  And finally, there may he a shart cirenit somewhere,
which means that the current, instead of following the cirenit
through the lamp, finds another path of less resistance through
some metal part of the locomotive or through contact of hare
WIreSs,

103. Tights Too Bright or Too Dim. Lamps that
turn too brilliantly indicate excessive speed of the turhine, and
this can be due only to faulty governor action, 13 the FOVernor
is of the type that controls the steam admitled ta the turhine,
it should be cleaned and adjusted. Temporarily, however, the
speed of the turbine may be decreased by partly closing the
alve on the stean-supply pipe and thus throttling the steam,
The correct speed is reached when the lamps show their normal
brightness. 17 the lights are too dim, the steam valve is ot
fully open, the hoiler pressure is too low, the governor is
improperly adjusted, the strainer at the steam inlet is clogped,
there is a short cireuit, or the brashes are sparking,

104. Emergency Throttling.—When the speed of thie
turhing is found 1o be too high—which can he detected by
noisy running and the brilliance of the cah lights—the steam
supply shonld be throttled by partl v closing the globe valve on
the steam pipe.  This valve is lucated in the cab, and by it the
engincer may control the turbine speed. On areival at the
terminal he should report that the governor fails to control
the speed. so that proper tepairs may be made hefore the loco-
motive is sent out again, When the enginecr finds it necessary
to throttle the steam in this way, he should try to bring the
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speed as nearly as possible to that at which the turbine should
rufl, s¢ as not 1o burn out the headlight by excessive current.

105. Short Cirewits.—If two wires that form the two
sides of a circuit vome in contact by reazon of the wearing off
al insulation, the current passes from one wire directly to the
other at the point of contact, nstead of going throngh the lamp
or lamps as it should. O, the two wires may come in contact
with some metal part of the Jocomaotive, and a shorl circait will
result. the current taking a path through the metal from one
wire to the other. When a short circuil occurs, the Tamps g0
out, the turbo-generator runs slowly, a large volume of steam
comes out of the exhaust pipe, and the brushes spark badly.
The machine should not be allowed lo continue to run with a
short vircait, as the armature and field enils will be burnt out,

106. Locating Short Cirenits.—If the failure of the
lamps 15 caunsed by a shorl cireuit, the renerator will tun
slower and more noisely than usual,  To locate the trouhle, dis-
connect both terminal wires on the generator. Then, if the
machine at once increases in speed to the maximim, the fanlt
15 not in the generator. Next, reconnect the main wires at
the terminals and temove the fuse from the cab cirenit, 11
the short circuit is in the eab wiring, the headlight will continue
to burn.  If the short cireuit is in the headlight wiring, it may
be detected by putting the eab-cirenit [use in place and remaoy-
ing the headbight-circuit fuse, when the cab lamps will con-
Ainwe to burn,  IE the fault is located in the cab wiring, leave
out the cah-circuit fuse and reconnect the main wires of the
headlight circuit. In this way it will be possible to continge
to use the headlight.

107. Open Circuit.—If the generator runs very rapidly,
but seems to ran lightly, as though without load, the circuit is
probably open.  To locate the trouhble, statt at the generator and
place a piece of metal from one terminal to the other and
remove it. I a flash is scen, the open circuit is not in the
generator. If no flash is seen, the trouble is in the generator
aud cannot well be repaired pn the road, unless the fault is
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cansed b a loose field connection,  In that caze, tightening the
mnse serew will pal it in order.  If the generstor is Tound to
be in good condition, malee the test in like manner on the bind-
ing posts at the lamp. I no fash is seen, one of the wires
hetween the generator and the larmp s probably ULroken. If
a Hash results, the trouble iz n the lamp, and one of the wires
will probably be found 1o be disconnected.




