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

LOCOMOTIVE HEADLIGIITS b

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




t LOCOMOTIVE HEADLIGHTS

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

LOCOMOTIVE HEADLIGHTS T

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

LOCOMOTIVE HEADLIGHTS A1)

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,




id LOCOMOTIVE HEADLIGHTS

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
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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







