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INTRODUCTION.

In the case of many mechanical inventions, it has
often happened that the machine left the hands of its
inventor in its most complicated and cumbrous form,
and it remained for the practical man and operator
afterward to simplify it, without reducing the advan-
tages of the mechanism as a whole, but rather
increasing its efficiency. Thus, in the process of
time, the machine, once complex and confusing in its
many parts, became shorn of its excrescences, and
simplicity rather than complexity characterized its
construction. Such, however, has not been the case
with the locomotive; early types were entirely lacking
in the many appliances that now play so important a
part in its operation, and which form the subject of
this volume.

Time was, within the memory of many engineers,
shopmen and others connected with the mechanical
department of railways, when the contents of this
volume could have been included in a brief pamphlet.
In the early days there was nothing in the cab but the
gauge cocks, throttle and reverse lever; upon the
outside the attractive features were mainly rings,
bands, and casings of polished brass, upon which the
fireman lavished much time and labor in burnishing.
To-day the locomotive engineer finds in his cab close
at hand a multitude of appliances with which he must
be familiar in order to be the master of his machine .

®



INTRODUCTION: 7

and compel its prompt and unfailing response to his
behests. Within the radius of his arm are a multi-
tude of levers and cocks, the touching of which sets in
motion complicated mechanisms that perform some
necessary functionn in the movement of his train.
Originally, the engineer’s control was limited to his
machine; now he is master of the whole train from
the headlight on his engine’s front to the last truck on
the rear of his train. With his injector he controls his
water supply; the automatic lubricator has sup-
planted the hand oiler; the air pump controls the
brakes; his steam, air and steam heating gauges
keep him advised of the needs of his train in these
directions; his speed recorder tells him what work
his engine is accomplishing; and so on. Each of
_these appliances, and many others treated of in this
volume, has come into being to meet some apparent
need or answer some well defined purpose, and the
sum of them all has transformed the locomotive from
the rampant, noisy, spasmodic pigmy of its inventor
to the graceful, unfailing and swift giant of to-day.
When it is remembered that it is but a part of the
locomotive engineer’s or fireman’s business to be
informed as to the construction, operation and care of
these and many other appliances, it is not surprising
that he should be classed among the most skilled
artisans of the age.

It is essential that the engineer, fireman, shopman
and mechanical student of railways should be familiar
.with the construction and operation of each of the
subsidiary machines and devices, that, taken
together, form the perfect modern locomotive, if he
hopes to attain success in his profession, and the aim
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of this work will be achieved if it makes the purpose,
construction, operation and maintenance of loco-
motive appliances now in general use more clear to
those interested.

Any treatise on designs, special attachments or
inventions such as the locomotive appliances
described herein, must necessarily be largely tech-
nical, else it would be untrue to its purpose, but I
have not deemed it necessary to burden this book
with mathematical formulas understandable only by
those who have been initiated into the higher branches
of mathematics. Indeed, my object has been to
make this treatise so clear and simple that the
youngest fireman may comprehend its statements.

In the compilation of this work I have had the
benefit of the active advice and invaluable assistance
of Mr. Edward Williams Pratt, Mechanical Engineer,
a man of talent, and recognized authority on loco-
motive appliances, and who, in that connection, has
been for many years a trusted and highly honored
official of one of the largest and best managed rail-
ways of the world.

In conclusion, I would state that this volume is
intended as a supplement to my larger and more
comprehensive - work, “THE SCIENCE OF RAIL-
WAYS,” which takes up the whole field of railway
operation, and in which the duties of engineers and
firemen, the operation of the locomotive, the air-
brake, etc., are carefully set forth.*

M. M. KIRKMAN.

« *See advertisement at end of book.—PUBLISHERS.



HEADLIGHT.
THE PYLE-NATIONAL ELECTRIC HEADLIGHT.

It is a rule of the train service that engines running
after sunset, or when obscured by fog or other cause,
must display a headlight. As the headlight, apart
from its function as a train signal, is also a safety
device, its purpose being to disclose to the engineer
the track that lies before him, it follows that its light
must be characterized by brilliancy and penetration.
Naturally, therefore, electricity has been made use of,
and successfully, so that many high speed passenger
locomotives are now equipped with electric head-
lights, and a full and detailed description of the
mechanism and operation of the Pyle-National Elec-
tric Headlight is here given.

This headlight is composed of three principal parts,
the engine, the dynamo and the lamp. Fig. 1 shows
the general application of the whole to a locomotive;
Fig. 2 shows the details of the engine and dynamo,
and Figs. 3 and 4 show two styles of lamps.

The Engine-—Its character, and instructions regard-
ing its use.—The engine is known as the Pyle com-
pound steam turbine. There are no wearing surfaces
inside the engine requiring lubrication, hence there is
no sight-feed lubricator in the cab.

Before starting the engine be sure the casing is
thoroughly drained, and do not turn on steam too
suddenly in starting the light, thus allowing time for

)
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LOCOMOTIVE APPLIANCES. 11

the condensation to get out of the engine. It is most
important to have dry steam.

Remove the plug in the top of the engine once or
twice per month and pour in a little black oil. This
will prevent corrosion of parts. The inside bearing
only needs enough oil in the bottom for the loose ring
to touch the oil and carry up on top of the shaft. If
too much oil is used it will be thrown out of the ends
of the cellar by the motion of the locomotive, which
may ruin the armature. The outside bearing should
be filled each trip. Valve or cylinder oil should be
used in these bearings. ‘

Round house inspectors should pull out one of the
lead wires from the dynamo to lamp, turn on stcam
and take the speed. If the speed is above 2,500 revo-
lutions per minute, the governor valv €s (No. 38, Fig.
2) are cut and should be “ground in” or faced off to
make a perfect seat. This should be done once a
month. If the valves become cut too badly the
engine will “run away” and be broken by centrifugal
force.

The Dynamo—Its construction, care and mainte-
nance.—The dynamo is constructed on the latest
scientific principles, and the electrical balance is so
perfect that no sparks should be seen at the brushes.
The armature is held in place on the engine shaft by
one screw which can be easily taken out if occasion
demands. The brushholders are fixed, and the
brushes can be taken out and replaced without chang-
ing the tension of the springs. A graphite brush is
used for the top and a carbon brush for the bottom,
and if they be given only a few moments’ care each
trip, there will be no trouble at all when on the road.
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LOCOMOTIVE APPLIANCES. 13

The mica between the copper strips of the com-
mutator should always be a trifle below the surface.
If it gets too high, file it down with a small file. Do
not get it too low, as it will collect dirt, etc., and cause
ashort circuit. ‘

Be sure and have the brushes fit perfectly on the
commutator. If they have poor contact, the brushes
will spark. If the commutator is running dark and
has the appearance of getting rough, cleanitup. To
do this nicely, remove the brushes and with a strip of
No. 0 sand paper (not emery paper), about the width
of the brushes, holding by the ends of the sand paper
on the commutator while running. Do not press
the sand paper on with the fingers, for if there are
any low spots they will increase in size.

Names and Numbers of Parts. Fig. 2.
1 Main Casting, 5 rows Buckets. 31 Governor Weight.
2 heel, 5 rows Buckets. 32 Spring Clamp.
2% Wheel, 4 rows Buckets. 33 Cast Iron Washer.
3 Engine Cap. 34 Connecting Link.
5 Box Yoke. 35 Governor Stand.
6 Oil Cover, outside. 36 Cross Arm.
6% Oil Cover, inside. 37 Center Piece.
7 Pole Pieces. 38 Bronze Plunger, or Governor
8 End Thrust. Valve.
9 Brass Yoke. 39 Graphite Ring.
10 Top Brush Holder. 41% Governor Springs.
11 Bottom Brush Holder. 42 Cap Spring.
12 Commutator. 45 Armature Lock Screw.
12% Armature Spider, 46 Cap Screw.
13 Commutator Ring. 47 Cap Screw.
14 Dynamo Door. 68 Binding Post Screw.
144 Name Plate. 97 Insulation Washer.
15 Commutator Nut. 974 Insulation.
16 Outside Washer. 101 Main Casting, 4 rows Buckets.
17 Long Bushing. 105 Dynamo Feet, new style.
18 Short Bushing. 110 Brush Spring Adjusting Screw.
20 Stuffing Box. 111 Connecting Screw for Inc. Wire.
21 Gland Nut. 112 Connecting Serew for upper field.
22% Oil Ring. 113 Brush Spring.
25 Top Field Washer. 114 Brush Clamp Spring.
26 Bottom Field Washer. 115 JInsulating Bushing.
27 Dynamo Feet, old style. 116 Brush Clamp.
28 Binding Post, large hole. 117 Governor Spring Adjusting Serew.
28% Binding Post Nut. 118 0Oil Cover, Set Screw.
29 Binding Post, small hole. 123 Top Field Cover.
30 Governor Weight Clamp. 152 Top Field, ecomplete.
30% Governor Saddle Screw. 152% Bottom Field, complete.
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If the brush tension spring is too tight, it creates
friction, heat and unnecessary wear, both to the
commutator and the brushes. If too loose it will
spark and the commutator will not run clean. It
should be just tight enough to prevent sparking. In
this case a little judgment must be used, for if the
brushes are not in the proper condition or the com-
mutator smooth and true, there will be sparking at
the brushes, no matter how much pressure is used.
Do not forget that the commutator is the vital part of
all dynamos, and nonc will run successfully without
regular care and attention. The voltage of the
dynamo is entirely too low to force a current through
any portion of a man’s body, so it may be handled
freely without, danger. A few moments’ attention
should be given each day to keep the plant in perfect
condition. Failing to follow these 1nstruct10ns the
light may fail.

If the commutator becomes rough or out of round,
it should be trued up in a lathe, The tool used must
be very sharp, and light cuts must be taken; then
polish it with fine sand paper. It must be carefully
examined to see that no two sections touch, as the
copper is liable to lag or burr from one section to the
other, and before putting it back, it would be better
to cut or file the mica (between each section) a little
below the surface, for it does not wear away as fast
as the copper, and if the mica is not cut away, it may
lead to sparking. After doing this, be sure no ragged
edges of copper stick up, for this will cut away the
brushes rapidly. The speed of the armature should
be as near 1,800 revolutions per minute as possible,
unless the copper electrode burns off, when it should
be reduced.
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Sparking is caused from poor contact or noneatall,
which necessitates the current passing through the
intervening space, thus producing a flash or spark.

The Lamp is simple, durable and reliable, and
after a few trialsit will be found an easy matter to trim
itin the dark, should occasion demand. In putting
in the top carbon, it will prove much better to remove
the carbon holder (Nos. 87 and 88, Figs. 3 and 4) from
the slide (No. 100). After securing the carbon in the
holder, take it between the thumb and fore-finger and
with the remaining fingers resting on the guide (No.
100) it can easily be put in place. If itisdesired to
clean the reflector, remove only the top guide (No.
100) by loosening thumb-nut (No. 79) at the end of the
upper arm; then the guide, carbon and carbon-holder
can easily be removed.

The tension spring (No. 93) in the lampis for two
purposes. It brings together the points of the car-
. bons, so as to establish the arc when the dynamo is
set in motion, for there must be a complete circuit
before any current may be had. If the carbons are
separated only a small fraction of an inch, the lamp
will refuse to work, because the current will not jump
across the separation. Sometimes there will be a
deposit of scale on the point of the lower copper elec-
trode which prevents the top carbon touching the
copper and as the current will not go through this
scale, no light will be had until it is removed. It is
suggested that engineers see that the point of copper
is clean before each trip.

Suppose all wires are connected and the lamp prop-
erly trimmed; turn on the steam antl set the armature
in motion. The current enters the lamp and passing
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through or around solenoid magnet (No. 65) draws
down the iron armature (No. 64). This in turn
separates the carbons, thus forming the arc or light.
It will be noticed that the spring is secured to the end
of lever (No. 60) toward the carbons, or on the opposite
end from the magnet and pulls against it. This pre-
vents solenoid No. 65 from pulling the carbons too far
apart. The volume of light will depend largely on
the way this tension spring is regulated. It may be
so tight that the magnet will be unable to separate the
carbons, consequently there will be no light. If the
dynamo be run too long while the lamp is this way,
the armature will be burned out or the fields for the

current become very heavy.
If the tension spring (No. 93) is very loose. thelamp

Names and Numbers of Parts.  Fig. 3.

28 Binding Post, large hole. -75% Top Clutch Serew Nut.
28% Binding Post Nut. 76 crew Eye.

29 Binding Post, small hole. 77 Clutch.

40 Reflector Bottom Clamp. 78 Clutch Rod Weight.

40} Reflector Top Clamp. 78% Clutch Rod.

41 Reflector Support. 80 Top Bracket.

50} Lamp Base. 81 Thumb Screw.

514 Lamp Column. 82 Clutech Foot.

52 Large Bottom Clamp. 82% Clutch Foot Rod. -

53 Small Bottom Clamp. 83 Upper Guide Bracket.

54 Hand Nut. 84 Middle Guide.

55 Hand Washer. 85 Lower Guide Bracket.

56 Top Bracket. 963 Mica Insulation.

58 Tension Spring Screw. 87 Top Carbon Clamp, male.
58% Tension Screw Nut. 88 Carbon Clamp, female.

59 Top Lever. 88% Carbon Holder Connecting
60 Small Lever. 89 Upper Guide. [Washer.
61 Dash Pot. 80 Magnet Yoke.

62 Magnet Insulation. 91 Carbon Holder Spring.

63 Magnet, Long Link. 92 Top Clutech Spring.

634 Magnet, Short Link. 93 Tension Spring.

64 Magnet. 94 Upper Telescope Tube Spring.
65 Solenoid. 3 95 Lower Telescope Tube Spring.
66 Bottom Flexible Wire. 96 Upper Insulation Fibre.

67 Top Flexible Wire. 96% Lower Insulation Fibre.
68 Binding Post Screw. 97 Insulation Washer.

69 Top Lever Screw. 973 Brass Plate.

70 Bottom Guide and Tube. 98 Vertical Adjusting Screw.
71 Middle Telescope Tube. 99 Vertical Adjusting Nut.
72 Top Telescope Tube. 119 Guide Screw.

73 Malleable Iron Tip. 120 Solenoid Screw.

74 Set Screw. 121 Reflector Clamp Screw.

75 Top Clutch Spring Screw.

2
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LOCOMOTIVE APPLIANCES. 1.9

will flash and go out, for the magnet will be drawn
down too far. When the light goes out the current is
broken, and there being no strength in the magnet,
the spring will again bring the carbons together,
then the current is instantly re-established. The
spring should be adjusted so that the lamp will flicker
just a little when the locomotive is at rest, for then all
the light possible at a given speed of the armature is
being obtained, and the light will burn steady when
locomotive is running.

The wires leading back to the incandescent lamps
may come together, causing a short circuit. This
will put the light out. It may be known when this
occurs, for the dynamo will be generating a heavy
current, the speed will be quite low, and there will be
a small light in the lamp. In this case, disconnect
one of the small wires from No. 111, Fig. 2, then when

Names and Numbers of Parts. Fig. 4.

28 Binding Post, large hole. 69 Top Lever Screw.
28% Binding Post Nut. 74 Set Screw.

29 Binding Post, small hole. 78a Clutch Rod Weight.
40 Reflector Clamp, bottom. 78b Clutch Rod.

40% Reflector Clamp, top. 79 Thumb Nut.

41 Reflector Support. 81a Thumb Screw.

44  Clutch. 87 Carbon Clamp, male.

49 Extension Base. 88 Carbon Clamp, female.

50% Lamp Base. 90 Magnet Yoke.

51% Lamp Column. 91 Carbon Holder Spring. .

52 Bottom, large clamp. 92a Top Clutch Spring.

53 Bottom, small clamp. 93 Tension Spring

54 Hand Nut. 96 Insulation Fibre.

55 Hand Washer. 97 Insulation Washer.

57 Top Bracket. 98 Vertical Adjusting Screw.

58  Spring Tension Screw. 99 Vertical Adjusting Nut.

58% Spring Tension Nut. 100 Upper Carbon Holder.

59 Top Lever. 102 Cluteh Foot.

60 Small Lever. 102a Clutch Foot Rod.

6la Dash Pot. 106 Lower Electrode Holder.

61b Dash Pot Plunger. 107 Adjusting Screw.

62 Magnet Insulation. 108 Lock Nut.

63 Magnet, Long Link. 109 Copper Electrode.

63% Magnet, Short Link. 120 Solenoid Screw.

64 Magnet. 121 Reflector Clamp Screw.

65 Solenoid. 122 Clutch Weight Screw.

66 Binding Post Screw. 200 FElectrode Holder, complete.
300 Top Carbon Holder, complete.



20 LOCOMOTIVE APPLIANCES.

sufficient time is had the cause of the trouble may
be located.

Most of the troubles are traceable to the adjustment
of the lamp. :

If the carbon feeds too fast, the clut('h rod (No.
78 b) should be adjusted so it vn]l not have so much
lost motion, or travel, before the clutch (No. 44)grips
the carbon. Sometimes this trouble can be overcome
. by making the clutch spring (No. 92 a) stronger. To
do this, remove cotter pin from No. 100 ¢ and remove
spring ! 'No. 92 a from the casmg Then pull it out a
little, thereby giving it more “set”. Again, by short-
ening wire No. 63, the magnet (No 64) is held further
out of the solen01d (No. 65) giving it more strength to
clutch the carbon, and will prevent the jar of the
locomotive from jarring the carbon through the clutch
faster than it burns.

If the wire (No. 63) is too short the lamp will jump.

If the light burns green it is burning upside down,
and the binding posts (Nos. 28 and 29, Fig. 2) must be
reversed on the dynamo. To do this, remove binding
posts No. 28 and No. 29, in lower brush holder(No.11),
then put No. 29 where No. 28 was and No. 28 where
No.29 was, being careful not to disturb insulator (No.
97 and No. 97%;, Fig. 2).

The lamp may be moved in all directions for focus-
ing. To get the proper vertical focus on the track,
either to have the light close or to strike the track far
ahead, loosen the set screw No. 74 on the side, and by
turning the adjusting screw (No. 98) the lamp can be
raised or lowered as desired. To move it sideways,
backwards or forwards, loosen the hand nuts (No. 54)
and the lamp is free to move.
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When once in focus, there is no need of changing
it again. Tighten all screws.

The back of the reflector is supported by an adjust-
able step, with screw to raise or lower it, so the vol-
ume of the light will come out in parallel lines.

To Focus the Lamp.—1. Adjust back of reflector
so front edge will be parallel with front edge of case.

2. Have point of copper as near center of reflector
as possible.

3. Have carbon as near center of chimney hole in
reflector as possible.

4. Have locomotive on straight track and move
lamp until obtaining best results on track. The light
should be reflected in parallel rays and in as small a
space as possible.

To lower light on track, raise lamp. To raise light
on track, lower lamp.

If the light throws any shadows it is not focused
properly.

If the light is focused properly and does not then
strike center of track do not change focus, but shift
the entire case on base-board.

Suggestions in the Care of this Headlight —Have a
few strips of No. 0 sand paper about 1Y inches wide
on hand to clean up the commutator.

A special and superior carbon made expressly for
this apparatus is furnished by the manufacturers.

If the light fails to burn when turning on steam, see
that all screws are tight, and that the point of copper
electrode is clean. Push down on lever No. 90 and
see if the carbon lifts up and falls freely. Puta carbon
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across both binding posts, No. 28 and No. 29, Fig. 2,
and if there is a flash when it is removed, the dynamo
is all right and the.trouble is in the lamp. If a flash
is not observed when carbon is removed, take out the
brushes and clean the commutator with sand paper
(not emery paper), put the brushes back and try the
carbon again. If no flash is then obtained, thereis a
“short” circuit. This is probably caused by wires
touching cach other and the dynamo must not be run
until this is remedied.

Keep all screws tight.

If the light goes out momentarily on the road, the
fault is probably in the carbon, and another carbon
should be tried.

After putting in a new carbon, always push down
on lever No. 90 and notice if carbon lifts and falls
freely. If it does not lift, it is not in the clutch, No. 44.
If it does not fall down freely, turn it partiy around
and find the freest place.

The carbon should burn from eight to nine hours.

Engineers should be held responsible for the proper
care of the equipment unless some one is appointed to
examine and care for them at round houses.

Before leaving for a trip the apparatus should be
started and the brushes examined as to tension of
the brush springs (No. 113, Fig. 2), and adjusted if
necessary before getting out on the road.

This apparatus is not automatic, and as there are
quite a number of enemies to electricity on the locomo-
tive such as grease, dirt, jar, heat, etc., it is necessary
to give it a few minutes’ attention every day. If this
be done failures on the road will be infrequent.
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Attempt should not be made to remove the reflector
from the case until after removing the top carbon
holder (No. 100) by loosening thumb nut No. 79, Fig. 4.

If the copper electrode burns off, the equipment is
running too fast, and the speed should be reduced by
turning screws No. 117, Fig. 2, to the left until the
trouble is stopped. Care should be exercised to
adjust all screws (No. 117) the same, as nearly as
possible. One-half turn of screws will change speed
about 100 revolutions per minute.

It is best to adjust tension spring (No. 93) as loosely
as possible and not have the light go out while the
locomotive is standing still.

If the light dies down when the locomotive is run-
ning fast, the tension spring (No. 93) may be too tight,
which prevents solenoid (No. 65) from separating
carbons sufficiently to form proper arc, or spring (No.
92) may be too loose, allowing back edge of clutch
(No. 44) tobe jarred up and release the carbon.

An oval, bent glass for the headlight case is espe-
cially recommended.

ELECTRICAL TERMS EXPLAINED.

As there are many men who have no definite idea of what elec-
tricity really is, and as a slight knowledge is necessary to properly
care for electric headlight equipment, and to get the best results
therefrom, a few *extracts from the A B C of electricity, in simple
language and terms familiar to nearly all, are here given, so they may
be very readily understood, and will be of interest to those using
electric headlights.

*These extracts are taken from the Pyle instruction book, and are
necessarily very brief. For a full explanation of electrical terms the
reader is referred to “ The Science of Railways.”
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DEFINITIONS.

The three first measurements in electricity are:

The volt.

The ampere. The ohm.

These are explained as follows:
TrE VoLr—This term may be better understood by making a

comparison with something you all
know of. Suppose we have a tank
containing 100 gallons of water and
we want to discharge it through a
half-inch pipe at the bottom of the
tank Suppose, further, that we
want to make the water spout up-
ward, and for this purpose the pipe
is bent upward as in Fig. 5.

If you opened the tap the water
would spout out and upward as in

Fig. 5. The cause of its spouting upward would be the weight or
pressure of the water in the tank This pressure is reckoned as so
many pounds to the square inch of water.

Now, if the tank were placed on the roof of a house and the pipe

brought to the ground, as shown in Fig. 6, the
water would spout up very much higher, be-
cause there would be many more pounds of
pressure on account of the height of the pipe.
So the force or pressure of water is meas-
ured in pounds, and therefore a pound is the
unit of pressure or force of water. Now, in
-electricity the unit of pressure or force is
called a volt. This word “volt” does not
mean any weight, as the word “pound”
weight does. If you have a pound of water
you must have something to hold it, because
it has weight, and consequently occupies
some space. But electricity itself has no
weight, and therefore cannot occupy any
space.
. When we desire to carry water into a house
or other building we do so by means of pipes,
usually made of iron. The principal supply
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usually comes from a reservoir which is placed on high ground so as
to give the necessary pounds of pressure to force the water to the
upper part of the houses. If some arrangement of this kind were

" not made we could get no water in our bedrooms, because water will
not rise above its own level unless by force.

The water cannot escape as long as there are no holes or leaks in
the iron pipes; but if there should be the slightest crevice in them
the water will run out. 3

In electricity we find similar effects.

The electricity is carried into houses by means of wires, which are
covered or insulated with various substances—such, for instance, as
rubber. Just as the iron of the pipes prevents the water from
escaping, the insulation of the wire prevents the escape of the elec-
tricity. If we were to cause the pounds of pressure of water in pipes
of ordinary thickness to be very greatly increased the pipes could
not stand the strain and would burst and the water would escape.
So it is with electricity.

If there were too many volts of pressure the insulation would not
be sufficient to hold it, and the electricity would escape through the
covering or insulation of the wire.

It is a simple and-easy matter to stop the flow of water from an
ordinary faucet hy placing your finger over the opening. As the
water cannot then flow, your finger is what we would call a non-
conduector, and the water will be retained in the pipe.

The same effect is obtained in the case of electricity. If you
place some substance which is practically a non-conductor or insul-
ator, such as rubber, around an electric wire, or in the path of an
electric current, the electricity acted upon by the volts of pressure
cannot escape, because the insulation keeps it from doing so, just as
the iron of the pipe keeps the water from escaping. Thus the voly
does not itself represent electricity, but only pressure which forces
it through the wire.

There are other words and expressions used in connection with
clectricity which are sometimes associated with the word volt,
These words are pressure and intensity. You might say, for in-
stance, that a certain dynamo machine had an electro-motive force
of 110 volts, or that the intensity of a cell of battery was two
volts, ete.

‘We might mention, as another analogy, the pressure of steam in a
boiler, which is measured or calculated in pounds, just as a pressure
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of water is measured. So you might say that 100 pounds of steam
pressure used through the medium of a steam engine to drive a
dynamo could thus be changed to electricity at 110 volts pressure.

THE AMPERE—In comparing the pounds pressure of water with
volts of pressure of electricity we used as an illustration a tank of
water containing 100 gallons, and we saw that this water had a
downward force or pressure in pounds. Let us now see what this
pressure was acting upon. It was forcing the quantity of water to
spout upward through the end of the pipe. The pounds pressure
of water acting upon the 100 gallons would force it out at a certain
rate, which, let us say, would be one gallon per minute.

This would be the rate of flow of water out of the tank. Thus we
find a second measurement to be considered in discharging the water
tank. The first was a force or pounds of pressure, and the second
the rate at which the quantity of water was being discharged per
minute by that pressure.

This second measurement teaches us that a ecertain quantity will
pass out of the pipe in a certain time if the pressure is steady, such
quantity depending, of course, on the size or friction resistance of
the pipe. In electricity the volts of pressure act so as to force the
quantity of current to flow through the wires at a certain rate per
second, and the rate at which it flows is measured in amperes. For
instance, let us suppose that an electric lamp required a pressure of
100 volts and a current of the ampere to light it up, we should have
to supply a current of electricity flowing at the rate of one ampere,
acted upon by an electro-motive force of 100 volts.

You will see, therefore, that while the volt does not represent any
electricity, but only its pressure, the ampere represents the rate of
flow of the current itself.

You should remember that there are several words sometimes
used in connection with the word ampere. For instance, we might
say that a lamp requires a current of one ampere or that a dynamo
would give a “ quantity” of twenty amperes.

Tue OuM—You have learned that the pressure would discharge
the quantity of water at a certain rate through the pipe. Now, sup-
pose we were to fixz two discharge pipes to the tank, the water would
run away very much quicker, would it not? If we were to try and
find a reason for this, we should see that a pipe can only, at a given
pressure, admit so much water through it at a time.
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Therefore, you see, this pipe would present a certain amount of
resistance to the passage of the total quantity of water, and would
only allow a limited quantity at once to go through. But if we were
to attach two or more pipes to the tank, or one large pipe, we should
make it easier for the water to flow, and therefore the total amount of
resistance to the passage of water would be very much less and the
tank would be quickly emptied.

Water has substance and weight, and therefore occupies some
space, but electricity has neither substance nor weight, and therefore
cannot occupy any space; consequently to carry electricity from one
place to another we do not need to use a pipe which is hollow, but a
solid wire. '

These solid wires have a certain amount of resistance to the pas-
sage of clectricity, just as the water pipe has to the water, and (as it
is in the case of the water) the effect of the resistance to the passage
of electricity is greater if you pass a larger quantity through than a
smaller quantity.

If you want to carry a quantity of electricity to a certain distance
and for that purpose use a wire, there would be a certain amount of
resistance in that wire to the passage of the current through it; but
if you use two or more wires of the same size, or one large wire, the
resistance would be very much less and the current would flow more
easily.

Suppose, instead of emptying the water tank from the roof
through the pipe, we just turned the tank over and let the water pour
out at once down to the ground. - That would dispose of the water
very quickly and by a short way, because there would be no resist-
ance to its passage to the ground. Suppose we had an electric bat-
tery giving a certain quantity of current, say five amperes, and we
should take a large wire that offered no resistance to that quantity,
and put it from one side of the battery to the other, a large current
would flow at once and tend to exhaust the battery. This is called
a short circuit because there is little or no resistanee, and it provides
the current with an easy path to escape. Electricity always takes
the casiest path. Tt will take as many paths as are offered, but the
largest quantity always takes the easiest. As the subject of resist-
ance is one of the most important in electricity, we will give you one
more example, because if you ean obtain a good understanding of
this principle it will help you to comprehend the whole subject. We
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started by comparison with a tank holding 100 gallons of water, dis-
charging through a half-inch pipe, and showed you that the pounds
of pressure would force the quantity of gallons through the pipe.
“Vhen the tap was first opened the water would spout up very high,
but as the water in the tank became lower the pressure would be less,
and consequently the water would not spout up so high; so if it
were desired to keep the water spouting up to the height it started
with, we should have to keep the tank full so as to have the same
pounds pressure all the time. But if you wanted the water to spout
still higher we should have to use other means, such as a force
pump, to obtain a greater pressure.

If we should use too many pounds pressure it would force the
quantity of water more rapidly through the pipe and would eause
the water to become heated because of the resistance of the pipe to
the passage of that quantity acted upon by so great a pressure. It
is the same with electricity, except that the wire itself would
become heated, some of the electricity being turned into heat and
lost. If the wire were too small for the volts pressure and amperes
of current of electricity, the resistance of such wire would be over-
come and it would become red-hot and perhaps melt. Electricians
are therefore very careful to calculate the resistance of the wires
they use before putting them up, especially when they are for
electric lighting, in order to make allowances for the amperes of
current which flows through them, so that but little of the electricity
will be turned into heat and thus render it useless for their purpose.

The unit of resistance is called the “ onm.”

All wires have a certain resistance per foot, according to the
nature of the metal used and the size of the wire, that is to say, the
_ finer theavire the greater the number of ohm resistance it has to the
foat. Water and electricity flow under very similar conditions, that
is to say, each of them must have a channel or conductor, and each
of them requires pressure to force it onward. Water, however,
being a tangible substance, requires a hollow conduector, while
electricity being intangible will flow through a solid conductor.
The iron of the water pipe and the insulation of the electric wire
serve the same purpose, viz.: that of serving to prevent escape by
reason of a pressure exerted.

There is another term which should be mentioned in connection
with resistance, as they are closely related, and that is opposition.
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There is no general electrical term of this name, but as it will be
most easily understood from the meaning of the word itself, we
have used it.

Let us have an example of what opposition would mean if applied
to water. Probably every one knows that a water wheel is a wheel
having large paddles or blades around its circumference. When the
water in trying to force its passage rests against one of these paddles
it meets with opposition, but overcomes it by pushing the paddle
away. This brings around more opposition in the shape of another
paddle which the water also pushes away, and so this goes on, the
water overcoming this opposition and turning the wheel around, by
which means we can get the water to do some work for us.

You must remember, however, that it is only by putting oppo-
sition_in the path of a pressure and quantity of water we can get this
work. The same prineiple holds good in electricity. We make
electricity in different ways, and in order to obtain useful work we
put in its path the instruments, lamps or machines which offer the
proper amount of resistance or opposition to its passage, and thus
obtain from this wonderful agent the work we desire to have done.
You have learned that the three important measurements in
electricity are as follows:

The volt is the practical unit of measurement of pressure.

The ampere is the practical unit of measurement of the rate of
flow. 4

The ohm is the practical unit of measurement of resistance.
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PRESSURE REGULATORS OR REDUCING
VALVES.

To reduce from a high initial pressure such as is
carried on a medern-locometive boiler to a required
minimum for steam heating or other similar purposes,
and to always maintain this same minimum pressure
regardless of the varying conditions on either side of
the valve, has always been a problem difficult of
solution.

Pressure regulators employing pistons have largely
been superseded by those wherein flexiblediaphragms
are used. The pistons are more liable to stick and
clog up, and require to be frequently taken apart and
cleaned.

The most perfect regulators thus far constructed
are those wherein diaphragms and balanced valves are
employed. By making these of proper proportion a
comparatively uniform reduced pressure may be
maintained, provided the supply and demand are
not too suddenly and widely changed.

The reason why a uniform pressure is required in
train-heating systems is not so-much on account of
maintaining a uniform temperature (for steam at 30
pounds pressure is but little hotter than steam at 10 or
20 pounds pressure)as it is to keep a constant pressure

_ sufficient to drive out all the condensation from the

rear-as-well-as-the front-cars-of-a-train, and to prevent

“"a high accumulation of pressure which is likely to

burst hose~wherever-used, or strain the eeuplings,
fittings, etc.
0)



LOCOMOTIVE APPLIANCES. 31

DIRECTIONS FOR THE MANAGEMENT OF STEAM
HEATING ON RAILROAD TRAINS.

Rules for Making up Trains.-~When a train is
made up, all steam hose should be coupled, and all the
cocks in the steam train pipe the whole length of the
train should be opened

When signal is given, steam should be turned on at
the cab, not to exceed sixty-five pounds, and allowed
to blow through the entire length of the steam train-
pipe.

After steam issues at the rear end of the train-pipe,
the rear cock of last car should be closed, and reducing
valve in cab set to forty pounds pressure. If more
than eight cars are in the train, add five pounds for
each additional car. In very cold weather, the rear
train-pipe cock should be left open enough to allow a
little steam to pass, and escape through the rear
coupling.

Regulation of Temperature.~—To heat cars, open
steam inlet valves on each car, and when live steam
appears at the drips, set each drip so that a little steam
escapes with the water. If a trap be used, see thatitis
adjusted to allow a little steam to escape with the
water, ;

Frequently examine traps and drip valves to see
that they are operating properly. They should be as
hot as can be borne by the hand. If cooler, or cold,
they should be opened a trifle, or if steam is blowmg,
closed a little.

Never close steam inlet valves entirely without first
opening drip valves or blow-off valve, and allow all
water to blow out before closing steam inlet valve.
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When steam is required on a car again, open
steam inlet valve, and afterwards close drip valves or
blow-off valve.

Changing Engines.-—When approaching stations
where engines are to be changed, or terminals where
cars are to be laid up, five minutes before arriving at
such stations the rear train-pipe cock must be opened
wide, and before coming to a stop at such stations,
the engineer must shut off steam at boiler valve. Do
not use reducing valve for this purpose.

If engines are to be changed, trainmen must satisfy
themselves that steam is shut off at engine before
uncoupling cars.

In freezing weather, if cars are to be laid up, or
stand thirty minutes after engine is uncoupled, the
hose throughout the train must be uncoupled, and all
drip valves or blow-off valves opened. :

THE MASON LOCOMOTIVE REDUCING VALVE.

This valve is designed to automatically reduce and
maintain an even steam pressure for heating cars
from the locomotive. It is placed in the steam supply
pipe leading from the boiler to the heating system™*
and regulates the amount of steam passing to the sys-
tem, allowing only sufficient steam to maintain the
desired pressure.

The principle upon which the Mason reducing valve
works is that of an auxiliary valve, 11, controlled by
the low pressure in the heating system through the
medium of a metal diaphragm (23),and admits steam

* The reader is referred to the excellent chart “The American
Locomotive” contained in ‘ “The Science of Railways.”
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from the initial sideofthevalve,through a port (ZVN)
tooperate a piston (17), which in turn opens the
main valve (16) and admits steam to the heating
system.

By referring to the sectional view here shown, it

Fie. 1.
Mason Locomotive Pressure Reducing Valve. .

will be seen that the steam enters the valve at the
side marked “inlet,” a small portion of it passing up
through the auxiliary valve (11).
This valve (11) is forced open by the compression of
the large spiral spring (8), acting on the button (16)
2
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through the diaphragm (23), so that, in opening the
valve (11), the diaphragm is also forced down. As
soon as the valve (11) is opened, steam passes through
and into ports (N V) to the under side of piston (17).
By raising piston (17), the main valve (16) is opened
against the inlet pressure, since the area of valve (16)
is only half that of piston (17). Steam is thus
admitted to the system. When the pressure in the
heating system has reached the required point, which
is determined by the spring (8), the diaphragm (23)is
forced’ upward by the low pressure which passes up
through port (X) to chamber O O, under the dia-
phragm, thus allowing auxiliary valve (11) to close,
thereby shutting off steam from the under side of
piston (17). The main valve (16) is now forced down
to its seat by the inlet pressure, shutting off steam
from the heating system and pushing piston (17)
down to the bottom of its cylinder. The steam
beneath piston (17) exhausts freely around it (the
piston being fitted loosely for this purpose)and passes
off into the system. .

It will be seen from this that when the pressure in
the heatlng system has reached the point at which
the governing spring (8) is adjusted, the flow of steam
is automatically checked, and when the pressure in
the system (and that in chamber O O, under the
diaphragm,) is slightly reduced, the valve will again
open and supply the required amount of steam.

Piston (17) is fitted with a dashpot (18), which pre-
vents chattering or pounding when the pressure is
suddenly reduced.

Directions for Attaching, Regulating and Repair-
ing.-—Place the valve vertically in the steam supply
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pipe. The steam should flow through the valve in
the direction indicated by the arrow cast in the side.
Before connecting the valve, the pipes should be
thoroughly blown out, in order to expel all dirt and
chips. If the piping is new, steam should be allowed
to flow through for some little time, so as to burn off
all the oil or grease which may be in it.

When ready to let on steam, turn the wheel at top
of the valve in the same direction as you would to
open a globe valve; that is, turn to the left to open
or admit more steam and to the right to close or
reduce the pressure. Time must be allowed for the
system to fill, before the required pressure is obtained.

If the valve should not maintain a low pressure, it
will probably be due to the fact that some dirt or chips
from the piping have lodged in the seat of the valve
(16). ;

To take the valve apart, the tension on the dia-
phragm spring (8) must first be removed by turning
the wheel as far as it will go, in the direction taken
by the hands of a watch. Then unscrew the spring-
case (9), and remove the button (10) and the dia-
phragm; also remove the cap (22 ), which contains
the auxiliary valve. The threaded rod which accom-
panies each valve can then be screwed into the valve
disc (16 ), which should work easily. Pull out this
valve and clean the seat. Then insert the rod through
the valve-stem hole, screw it into the piston (17 ), and
see if it works up and down easily. It will not be
found possible to raise and lower the piston (17 ) sud-
denly, as the dashpot (18 ) will restrain it. If the
piston (17 ) is found to be stuck fast, remove the dash-
pot (18 ) at the bottom of the valve, pull out the piston
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and clean it with fine emery cloth, being careful to
wipe off all emery before replacing. Before replacing
the cap (22 ), examine the small auxiliary valve (11)
and see that it is tight and free from dirt. Be sure
that the diaphragm (23 ) is perfectly clean, also that
there is no dirt where it makes its seat.

The wheel is made self-locking in any position, by
means of a steel locking pin (25 ), which is forced by
a spring into any one of twelve recesses in a hardened
steel plate (5). The valve should he removed during
the summer. Before replacing, thoroughly clean and
oil all the parts.

THE GOLD PRESSURE REGULATOR.

Fig. 2 shows a sectional view of the Gold steam
heating regulator. It will be readily seen that this is
of the diaphragm type with a nearly balanced valve.

The diaphragm is made of a solid sheet of thin
phosphor bronze, slightly corrugated at the outer
edge, with an enlarged flange (O), so that the dia-
phragm will always keep its original shape. The
dome (M) of the regulator is solid so that no steam
would escape into the cab should the diaphragm
break. The recess shown at S S provides a water
seal in order to prevent any chattering of the valve.

The regulator is set by means of the handle (1),
which is perforated in order to keep it cool for easy
handling by the engineer. The handle (V) is an
extension of a lock nut which holds the regulating
screw firmly in any given position. The set screw
(R) is provided as a check on the maximum or mini-
mum amount of pressure required as it can be seen
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that the play of the spring (L) is controlled by this
set screw (IR). Spring (17) helps to guide the spindle
(D D) and also tends to more nearly balance the
valves and make up for any possible gumming of
valves or spindle. ‘

Main valve D D is opened and closed by tne
movement of the diaphragm. Spring L forces

PARTS OF REGULATOR.

A.—1 inch Inlet Union Nipple.
B.—13 inch Qutlet Union Nipple.
C.—Bolts and Nuts for Dome and Body.
‘D.—Balance Spindle with Hard Seats.
F. —Botiom Spring.

G.—Body of Regulator.

H.—~Bottom Plug.

I.—Handle.

J—Top Nut.

K —Hollow Screw.

L.—Top Spring.

M.—Dome of Regulator.

N.—Lock Nut,

O.—Top Flange.

P.—Bottom Flange.

Q.~Top Spindle.

R.—Set Screw.

7.1 inch Inlet Union Nut.

“U. 1% inch Outlet Union Nut. |

) Gold Pressure Regulator.
the diaphragm down and the main valve opens and
remains thus until steam from the outlet side of
the valve, some of which passes the loose stem D to
the under side of the diaphragm, closes the main
valve.

CLIMAX STEAM PRESSURE REGULATING VALVE.

Description.-—Steam enters at A, surrounds main
valve (1), passes the water packing grooves around
this valve, and bearing against the shoulder carries
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this valve (1) upward, allowing steam to pass through
the now raised valve to B, as shown by the arrows.
The reduced pressure steam from B also acts upward
through ports (3 and 11 ) upon the under side . of
regulating piston (6). If spring (7) were set for say
100 pounds, as soon as the pressure on the under side

1. Main Valve.

2. Opening in Main Valve.

3. Port Leading to the Regulating
Piston 6.

4. Solicll Disc, held in place by cap

2.

6

f

8

Regulating Fiston.
Regulating Spring.
. Regulating Screw.

10. Auxiliary Valve Spring.

11. Ports in Disc 4.

12. Governor Cap.

3. Controlling Steam Chamber.

14. Body.

16. Auxiliary Valve.

Climax Steam Pressure Regulating
Valve,

of regulating piston (6) reached that amount, it would
move slightly upward and away from its former con-
tact with the auxiliary valve (16), thus allowing 16
to seat in disc (4), thereby preventing the further
escape of steam from the controlling chamber (13 ).
Steam from inlet (A) passing through the grooves or
water packing of valve (1) to chamber (13 ), now seats
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valve (1) until the pressure at B and consequently
that below piston (6), drops slightly below 100 pounds.
Then spring (7) forces down piston (6) and opens
auxiliary valve (16), thereby permitting the escape of
pressure from chamber (13) through valve (16),
ports (11 and 3) to B. The conditions are such
now, as in starting, that valve (1) is raised for a fur-
ther supply of steam from A to B. In actual
operation, where a continuous flow is being used,
valves (1 and 16) are held just sufficiently off their
seats to maintain a uniform pressure at B.

The valve shown in the cut is intended for use
where a large and continuous supply of steam is
needed, as for running dynamos for train lighting,
etc. When this valve is to be used for train heating
only, a projection is made on the bottom of valve (1),
as shown by the heavy dotted line, so that only a
small annular opening is made as the valve starts
from its seat.

To obtain greater pressure screw down on the
spring (7) by means of the regulating screw (8).
To obtain less pressure screw up on the regulating
Screw.

ECLIPSE REDUCING VALVE.

Description.-—Before starting, spring (A) and the
stem below it have forced down piston (B) and opened
valves (I I2). - When steam is turned on at the steam
heat throttle valve on the boiler head and as soon as
the reduced pressure at the left hand or outlet side
which also acts on the under side of piston (B) has
reached a sufficient amount to over-balance the ten-
sion in spring (A) , the piston (B) will raise and pull
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with it the valves (IZ IZ), thereby shutting off any
further supply of steam until the pressure under
piston (B) again falls below the tension of spring (A).
In action this valve dees not open wide and then close,
but assumes a position open only enough to admit a
uniform supply of steam needed to maintain the
desired pressure.

A. Regulating Spring and Stem.
B. Regulating Piston.

C. Exhaust Pipe to Atmo‘aphere.
D-D. Relief Ports.

E-E. Double Seated Valve.

F. Regulating Screw.
G. Lock Nut.
1. Inlet.

0. Outlet.

Fia. 4.
Eclipse Reducing Valve.

This reducing valve is also made with a double
piston valve in place of the double bevel seated valves
(IZ ), but the latter, as shown in the engravmg, is
more satisfactory, espemallv for short trains requmng
but small supply of steam.
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To obtain greater pressure screw down on I and
lock with ¢, or do the reverse if less pressure is
desired. :

THE TAATFEL PRESSURE REGULATOR.

This regulator, sometimes called the “Leslie” regu-
lator, is used largely on locomotives for train heating.

The engraving here shown gives a sectional view
through the center of the valve, whose operation is as
follows:

Steam from the inlet side (R) enters from the right

Main Body.

Top Cap of Main Body.
Bottom Cap of Main Body.
Main Valve.

Main Valve Spring.
Piston.

Diaphragm.

Body of Regulating Valve.
Cap of Regulating Valve.
Regulating Valve.
Regulating Valve Spring.
Adjusting Spring.

. Top Seat of Adjusting Spring.
Bottom Seat of Adjusting Spring.
Regulating Cap.

Lock Nut of Regulating Cap.

Wood Handle and Nut.

Inlet.

Inlet Port to Reg. Valve Chamber.

Outlet.

Port to Diaphragm Chamber.

Port from Regulating Valve Chamber to
Piston Chamber.

AP RHINOZZ RS RA ST

FIG. 5.
Taafel Pressure Regulator.

hand side, as shown in the cut. A portion of the
steam passes up through port (S) to the regulating
valve (J) which it finds open, due to the downward
pressure of the adjusting spring () on the diaphragm
(@), which in turn bears upon the small valve (J).
‘This small regulating valve being open allows the
steam to pass as shown by the arrow to chamber (17)
where it forces piston (F') downward, thus opening
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the main valve (D) and allowing steam from the loco-
motive boiler to pass to the train heating system at the
outlet (7). Port (U) connects the under side of dia-
phragm (') with the heating system, and when the
pressure there reaches whatever amount the adjusting
spring (L) is set to withstand, the slightest additional
pressure will cause diaphragm (G) to bend upward
enough to release regulating valve (J), thus allowing
the latter to be seated by the force of its spring (K),
just beneathit. No further supply of steam from the
inlet side can now reach chamber (V') and what pres-
sure remains therein can pass around piston IF
(which is for this purpose but loosely fitted in its cyl-
inder) and equalize with the system pressure under-
neath. Piston (I), being equally balanced, permits
the main valve spring (/) to close the main valve (D),
thereby shutting off further supply of steam to the
heating system.

As soon as the pressure of the steam in the heating
system under diaphragm ((G) becomes the least
amount less than that of the adjusting spring (L),
the diaphragm will bulge downwards, unseating
regulating valve (J), which, as before described,
again produces a supply of steam to the system.

For attaching and adjusting this regulator the fol-
lowing directions should be observed:

When possible place regulator in a vertical position
on a horizontal pipe, but always arranged so the
steam will pass through in the direction indicated by
the arrow cast on the side of the valve body.

Before attaching the regulafor put a stop valve on.
inlet pipe and blow out pipes thoroughly; after the
regulator has been attached and before pressure is
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turned on, unscrew cap (O)to take all pressure off the
adjusting spring (L). Open the stop value, then
screw down the regulating cap (O) until the desired
pressure is reached, when the cap should be locked in
position by lock nut (P). A very slight turn of the
cap either way will change the pressure.

The regulating cap (O) can be removed while pres-
sure is on, if so desired.

The top cap (B) of main body can be removed while
pressure is on, providing steam is released from the
outlet pipe (T).

The diaphragm must always be set with bead up.

To take out main valve (D), unscrew the bottom
cap (C)of the main body.

To remove the regulating valves, first unscrew top
cap (B) of main body, then unscrew the regulating
valve body (/1), and also cap (I).

When repairing, care should be taken to see that all
joints, seats and piston are thoroughly cleaned and a
little heavy oil used on the joints before screwing them
up tight.

Never use oil of any kind on the piston, valves,
valve seats or valve stems.

When the regulator is in working order all parts
should work freely.

All parts of each size regulator are interchangeable.

THE ROSS STEAM PRESSURE REDUCING VALVE.

This reducing valve shown in the accompanying
cut is of the diaphragm-piston type. The regulating
screw at the top produces the required pressure
through a double coil spring upon a flexible metallic
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diaphragm having a stem extending down by a lcose
fit through the regulating piston and supply valve to
an adjusting nut.

This adjusting nut regulates the maximum opening
of the supply valve, which opening should not be over
1% inch, and the stem serves as a guide to the piston
and valve, which are in one piece. As the stem is a
loose fit in the latter, the pressure beneath the supply
valve (that of the heating system) and that in the
small chamber between the diaphragm and the piston
are always the same. Hence, when steam from the
locomotive boiler (entering from the right as shown
in the engravmg) strikes the upper side of the valve

Sl and the under side
of the piston, as
there is no pressure
on top of the latter
due to the asbestos
packing (shown in
the illustration by
dark lines) therein,
the valve is forced
down and open,
admitting steam to
the heating system.

gp When the pressure

W} tcn, passing by the
Wstem to the under
side of the dia-
phragm, becomes
great enough, it

Fia. 6. .
Ross Steam Pressure Reducing Valve. causes the dia-
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phragm to raise sufficiently to clamp the valve to its
seat and shut off further supply until the system
pressure reduces below the set limit. When that con-
dition again exists, the diaphragm springs downw ard
allowing the supply valve to again open.

Adjustment and Repairs.-—The piston should
always be kept well packed with asbestos, the dia-
phragm joint kept tight, and the adjusting nut on thé
bottom of the stem set so that valve cannot open more
than }; inch.

If steam in large quantities passes the valve when
it should not, take off the bottom cap, unscrew the
adjusting and yoke nuts, pull out the valve and
piston.

If the valve has a good seat and no scale or dirt is
found under it, the trouble was due to the valve hav-
ing too much lift. Hence, in replacing the parts,
screw the adjusting nut up until the valve is clamped
to its seat, first having relieved tension on the dia-
phragm from the top regulating screw; then slack off
the nut about a turn and a half or two turns and the
trouble will be overcome.

If the valve regulates well on long trains, or where
much steam is used, but allows the pressure to become
too great on short trains, or where the steam require-
ments are small, the piston packing has become hard-
encd or worn out and should be replaced

SPECIAL AUTOMATIC RELIEF VALVE.

The Consolidated Car Heating Company eniploy
the Mason regulator or reducing valve, which has
been fully described elsewhere, and also for addi-
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tional safety, the special relief valve shown sectioned
in the accompanying cut, Fig. 7.

This relief valve is set at 50
pounds and is for the purpose of
relieving the pressure in system
heating pipe and at the same time
signaling the engineer, should the
pressure become too great.

By its use the not infrequent
delays due to hose burst from over-
pressure may be reduced to a
minimum.

To take wvalve apart: Use the
key to unscrew lock-screw (<), take

g off the shield (L), and relieve the

R ey load on spring by unscrewing the

Relief Valve, set-screw (G). Then loosen set-
screw (YY), and unscrew the casing.

To set valve at a higher pressure: Screw set-screw
(G')down; at a lower pressure, screw set-screw up.

To regulate pop: The pop or action of the escaping
steam is regulated by the externally threaded ring
(B) in the base of the valve, which is easily accessible
without taking valve apart, and is held securely in
place when set, by means of set-screw (Y”) on the side
of the valve body. If the valve pops too suddenly and
reduces the pressure too much, turn ring (B3) down
(further away from the valve disc), and if it does not
pop enough, opening and closing only gradually,
turn ring (B) up (nearer to the valve disc). When
the desired adjustment is obtained, secure the ring by
means of the set-screw (Y); whenever set-screw ((7) is
changed, the pop regulating ring must in most cases
be changed to suit.
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T o insure proper working: Pop safety valves should
be attached immediately upon the boiler, or as close to
same as possible; otherwise the connecting pipe

should be at least one
size larger in diameter
than the size of the pop
valve.

Caution: Before at-
taching valve, blow out
pipe and avoid the use
of too much lead or
pipe grease. This
valve is sensitive, and
any foreign substance
lodging in it will pre-
vent its perfect work-
ing.
The location of the
automatic relief valve
and the other locomo-
tive cab attachments
connected with the
train steam heating
apparatus are clearly
shown in Tig. 8.

RELIEF
VALVE
N

-
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Fic. 8. Location of Steam Heating Cab
Attachments.

RULES FOR ENGINEERS.

The following rules are applicable to all forms of
direct train steam heating apparatus :

1. Engineers must give for heating trains on the
road a steam pressure of twenty pounds, on heating
gauge in cab, for trains of five cars, and an additional
three pounds for each additional steam-heated car.
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2. Give extra pressure up to forty-five pounds, if
desired, to heat cold trains, and to blow out at terminal
points, before shutting off.

3. Steam must not be shut off from heating appa-
ratus or turned down while on the road.

4. Pressure should always be regulated by the
reducing valve, the throttle valve being wide open
when using steam for heating. If at any time the
reducing valve fails to hold the pressure steady, report
same and see that the valve is cleaned.

5. See that the throttle valve of heating apparatus
is closed about three minutes before entering stations,
where engine is to be disconnected or additional cars
to be placed in train, and at terminal points. This is
important to prevent scalding train men in »ncoup-
ling hose while pressure is on.

6. When not using steam on train, allow sufficient
steam to pass through steam pipe to prevent freezing
steam pipe under tank.

7. Get signal that steam is through train line
before leaving terminal point or changing station.



AIR BRAKE APPARATUS.

THE DUPLEX AIR PUMP—NEW YORK AIR BRAKE
: COMPANY.

The air pump is one of the most important attach-
ments to the locomotive; it furnishes the motive power
for the operation of the automatic air brake.

Fig. 1 shows the No. 2 Duplex air pump of the New
York Air Brake Company, which is adapted for large
locomotives. It works with a smoothness and ease of
operation in strong contrast to the ordinary single
cylinder pump, the absence of jarring and noise being
particularly noticeable, and will supply air rapidly.

The action of this pump in compressing air is
similar to the use of steam in a compound engine, but
the air is compounded in this case and not the steam.
Both steam cylinders are seven inches in diameter.
The high-pressure air cylinder is also seven inches
in diameter, but the low-pressure air cylinder is
larger, its diameter being ten inches and its capacity
~ therefore exactly twice that of the steam cylinder actu-
ating it. Both air cylinders are filled with free air at
every stroke. The first operation is to force the air
from the largest cylinder into the smaller one in
addition to the free air already in the smaller cylinder.
The smaller cylinder then contains three times its
volume of free air, compressed to about forty pounds.
The high-pressure piston then completes the compres-

sion and forces the air into the reservoir. In this way,
4 (49)
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New York Alr Brake Co.’s Duplex Air Pump,
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the two seven-inch steam pistons are caused to actuate
the equivalent of three seven-inch air pistons (the
area of a ten-inch piston being exactly double that of a
seven-inch), or, in other words, two measures of steam
are made to compress three similar measures of air.

The valve gear i$s very simple. For the steam
eylinders it consists of two plain slide valves (5) and
(6), moving in steam chests (16 and 17), and oper-
ated by small tappet rods (7 and 8), which extend
into the hollow piston rods of the steam cylinders. - As
is shown, the valve on one side controls the supply of
steam to the opposite side. 'The air valves are simple
poppet or check valves, which seat by gravity while
the pistons wait, and therefore are not liable to pound
themselves to pieces. (The pistons of one side rest
while the pistons of the other side are in motion.) The
operation is as follows:

In the position shown, the air piston in cylinder (4)
has completed its downward stroke and compressed

Parts of Duplex Air Pump.

1-2 Combined Steam Cylinders. 44 Upper Discharge Valve Cap.
3-4 Combined Air Cylinders. 45 Upper Discharge Valve Seat.
5-6 Slide Valves. . 46 lower Discharge Vaive Seat.
7-8 Valve Stems. 47 Top Head.
9-10 Receiving Air Valves. 48 Upper Air Cylinder Gasket.
11-12-13-14 Discharge Alr Valves. 49 Lower Air Cylinder Gasket.
15 Steam Chest Caps. 50 Upper Steam Cylinder Gasket.
16-17 Steam Chest Bushings. 51 Lower Steam Cylinder Gasket.
18 Piston Rods. 52 Cylinder Head Bolts.
19 Lower Steam Cylinder Head, with 53 Oil Cups for Alr Cylinders.
Valves and Bushings. 54 Drain Cock.
20 Piston Plates for Actuating Valve 55 Piston Plate Bolt.

Stems. 56 Steam Union Stud for Governor.
21-22 Five-Inch Steam Pistons. 57 Steam Union Nut for Governor.
31 Five-Inch Air Piston. 58 Exhaust Pipe Union Stud.

32 Seven-Inch Air Piston. 59 Exhaust Pipe Union Nut.

33 Five-Inch Piston Packing Rings. 60 Exhaust Pipe Union Swivel.

34 Seven-Inch Piston Packing Rings. 61 Quarter-Inch Nipple.

35 Centre Piece. 62 Quarter-Inch Union.

36 Piston Rod Stuffing Boxes. 63 Air Unlon Stud.

37 Piston Rod Stuffing Box Nuts. 64 Air Union Nut, 3,-inch.

38 Piston Rod Stuffing Box Glands. 65 Air Union Swivel, 3,-Iinch.

39 Lower Receiving Valve Chamber. 66 Cylinder Head Bolt Wrench.

40 Lower Intermediate Valve Seat. 67 Cap and Discharge Valve Wrench.

41 Upper Receiving Valve Seat 68 Upper and Lower Valve Chamber
42 Upper Intermediate Valve Seat. rench.
43 Upper Intermediate Valve Chamber. 69 Piston Packing Nut Wrench.



52 LOCOMOTIVE APPLIANCES. \

its contents through valve (12 ) into cylinder (3). The
plate (20), on steam piston (21 ), has moved valve (6)
to its lowest position. This admits steam through
port (23, 24, 25) to upper side of piston (22), and will
cause that piston to descend and expel the partially
compressed air in cylinder (3) through valve (14) and
passage shown into the reservoir. Meanwhile, the
cylinder (4) has become filled above the piston with air
at atmospheric pressure through valve (9), and the
cylinder (3) will be filled with air at atmospheric
pressure through valves (9 and 11), both of which
open inward and are seated by gravity. When piston
(22) reaches the end of its downward stroke, the plate
(20) strikes the tappet on valve stem (7) and moves
valve (5) to its lowest position, thus uncovering port
(26) and admitting steam through port (26) to the
lower side of piston (21), thus causing piston (21) to
rise and compress the air which is in cylinder (4)
through valve (11) into upper part of cylinder (3).
Just as piston (21) completes its stroke, its plate (20)
strikes.the tappet on valve stem (8) and moves valve
(6) to its highest position, uncovering port (27) and
admitting steam ‘through port (27) to the lower side
of piston (22), causing that piston to rise and expel
the partially compressed air in cylinder (3), through
valve (13) into passage shown, and thence into the
reservoir. While the pistons are compressing the air
above them into the reservoir, the air cylinders below
the pistons will be filled with air at atmospheric
pressure through valves (10 and 12), ready for
another cycle of operation.

The construction is very durable, and all valves can
be examined or removed by unscrewing plugs, with-
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out taking the pump down. The steam cylinders are
placed underneath the air chambers to allow natural
drainage and insure clean air.

TRIPLE VALVES—NEW YORK AIR BRAKE
COMPANY.

The triple valve plays a vital part in the operation
of the automatic air brake, the purpose it serves being
to provide a way by which the stored pressure in the
reservoir may be automatically admitted to the brake
cylinder whenever the pressure in the train-pipe
escapes.™

PLAIN TRIPLE VALVE.

Fig. 1 shows a section of the Plain Triple valve,
which is used only on engines and tenders. The
parts are few, simple and durable, and their opera-
tion is not easily affected by dirt.

Connections are made with the auxiliary reservoir,
the brake cylinder, and the train-pipe, as shown; slide
valve (38) controls the exhaust of air from brake
cylinder, to release brakes, and graduating valve (48 )
controls the admission of air from auxiliary reservoir
to brake cylinder, for applying brakes. Piston (40 )
actuates slide valve (38 ) and graduating valve (48 ),
and in such a manner that valve (38) will close
exhaust port before graduating valve (48 ) is opened.
The slide valve (38 ) can remain stationary while the
piston (40 ) returns part way and closes graduating

*The principle of the triple valve and the details of other forms
thereof are fully desecribed in “The Science of Railways,” and the
reader is referred to the General Index of that work for informa-
tion in regard thereto. -
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valve (48 ), as the abutments that move valve (38 ) are
farther apart than the length of the valve.

The operation is as follows: Air from the train-pipe
passes to cylinder (A), through charging groove (B)
and passage (C) to chamber (D), and thence through
passage (I2) into the auxiliary reservoir. When the
train-pipe pressure is reduced, the piston (40 ) moves
its full stroke, first shutting off the auxiliary reservoir
from the train pipe by closing the connection between
passage (B) and cylinder (A), next closing exhaust

FIG. 1.
Plain New York Triple Valve.

valve (38 ) and opening graduating valve (48 ), thus
admitting air into the brake cylinder; the amount
admitted being in proportion to the reduction of the
train-pipe pressure. If the train-pipe pressure is
reduced but little, the pressure in the reservoir is soon
reduced to less than that in the train-pipe, and the
piston (40 ) starts back and closes graduating valve
(48), without disturbing slide valve (38), which is held
with some force by the air pressure, aided by spring
(9), and checks the return stroke when valve (48)
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is closed. A further reduction of train-pipe pressure
would repeat the same action and apply the brakes a
little harder. If the train-pipe pressure is reduced five
to eight pounds, the brakes will be applied with but
moderate force, but if the train-pipe pressure is reduced
twenty pounds, the graduating valve (48 ) will remain
open and the brakes go full on, as the auxiliary reser-
voir pressure will then continue to flow into the brake
cylinder until the pressure in each has become equal-
ized. :

An increase of pressure in the train-pipe will cause
all the valves to move back to the position shown in
the plate, thus releasing the brakes and allowing the
reservoir to be recharged. Passage (I7) allows
moisture from the train pipe to collect in chamber (&),
where it can be readily drained by unscrewing plug
(13).

THE NEW YORK IMPROVED QUICK ACTION
TRIPLE VALVE.

Fig. 2 shows a sectional view of this triple valve.
Figs. 2, 3 and 4 are ideal sketches with all working
parts drawn on the same plane, in order to render an
explanation more readily understood. In the actual
construction some of the moving parts are placed at
right angles to the main piston, so that all the inside
parts can be removed without detaching the valve
from the reservoir or the train-pipe. This valve has
the same connections and is interchangeable with the
Westinghouse quick action triple valve.

The work it does is known as “service” and “emer-
gency,” the first being its ordinary action, and the
second giving the very strong and instant application
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for emergency use. To accomplish the latter through-
out a long train, pressure from the train-pipe is dis-
charged at each car in addition to the reduction by the
engineer. As elsewhere explained, the ordinary

Fia. 2.
New York Quick Action Triple Valve.

service application is made by letting from six to
eight pounds pressure out of the train pipe, and
emergency application by a sudden reduction of ten
or more pounds. In either case, the reduction causes
an impulse of air to travel through the train-pipe and
operate the triple valve of each car as it passes along.
The service reduction is not powerful enough to affect
the emergency parts and travels through the train
with moderate speed. The emergency reduction,
however, is so much more powerful that it also sets
the emergency parts in motion and, as they exhaust
the train-pipe pressure in their immediate vicinity,
this impulse is transmitted from car to car with great
rapidity.

The “service” parts occupy the central portion of
Figs. 3, 4 and 5. The auxiliary reservoir is charged
through the usual groove (B). Exhaust valve (38 )
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and graduating valve (48 ) cover the usual ports, and
are moved by the main piston (128 ) for applying and
releasing the brakes for service stops, in the manner
already familiar in plain and quick action triple
valves. ‘

The “quick action” parts occupy the left and top por-

Reservoir

F1G. 3,
Illustrative Model of New York Quick Action Triple Valve.
(All valves in normal positions).

tions of the drawing, and are inoperative under ordi-
nary conditions. Vent valve (71) is held to its seat
by spring (132 ), assisted by train-pipe pressure, and
can only be opened when piston (129 ) is forced to the
left. Quick action valve (138-139 ) is held to its seat
by spring (140 ), assisted by reservoir pressure, and
can only be opened when piston (137 ) moves to the
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right. All parts are simple and durable, and the
valves are so located that no oil from the brake cyl-
inder can possibly reach a rubber valve seat.

Fig. 3 shows the triple with all valves in their
normal positions; Fig. 4 shows the position of the
valves in service application; and Fig. 5 shows the
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FIG. 4,
THustrative Model of New York Quick Action Triple Valve,
(Position of valves in service application).
t

valves in emergency position. The arrows indicate
the course of the air in each position.

The triple valve proper consists of the triple piston
valve (128), the exhaust valve (38) and the gradu-
ating valve (48). The graduating and exhaust
valves are of the slide valve pattern, and in their
arrangement on the triple piston stem are independent
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of each other. The triple piston valve is of the cup or
extended pattern, and forms a cylinder for the vent
valve piston (129). These three valves, combined, of
course, constitute the triple valve, and the triple valve
is the part that gives the brake its automatic aetion.
The quick action part of the triple consists of the

L=
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K,

Fia. 5.

Illustrative Model of New York Quick Action Triple Valve.
(Valves in .emergency position'.

vent valve piston (129 ), the extended cup or cylinder
of piston (128), vent valve (71), vent valve spring
(132), emergency piston (137), emergency valve
(139 ), and brake cylinder check valve (117). To
these parts we may add the vent ports (M and J) and
the passages (H, L L and K).

In the normal position, that of charging the aux-
iliary reservoir, as shown in Fig. 3, the air comes in
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from the train-pipe, as indicated by the arrows, passes
by the triple piston (128) through the feed groove (13)
to the auxiliary reservoir. At the same time it charges
chamber (G), between the vent valve piston (129 ) and
the triple piston (128) through the very small port
(F) drilled through the vent valve piston (129.) ;

Main piston (128) has the same stroke for both
service and emergency application. The small port
(I) is of such a size that when triple piston (128)
moves slowly to the left, as in service application,
Fig. 4, the air in space (G) will be pressed through
opening (F) without disturbing piston (129 ) from its
normal position. : \

In the service application (Fig. 2) only the triple
valve proper operates. The triple piston moves to
the left until it rests against, and forms an air-tight
joint on the leather gasket (133); then the exhaust
valve (38) is moved into a position covering the
exhaust ports from the brake cylinder to the atmos-
phere, and the service port is uncovered by the gradu-
ating valve (48 ), so that the auxiliary pressure may
expand into the brake cylinder and apply the brake.

The sharp reduction of the train-pipe pressure for
an emergency stop will cause main piston (128 ) to
move rapidly to the left. In this case, the air in space
(G) cannot escape through passage (FF) fast enough
to prevent a momentary pressure upon piston (129 ),
strong enough to overcome its resistance and cause
valve (71) to be pushed from its seat, as shown in
Fig. 5. 'This allows train-pipe air to enter, moment-
arily, the passage (/) and escape to the atmosphere
through small port (M) and the larger opening ().
In doing this latter piston (137 ) is forced to the right
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enough to uncover port (J), and this movement
unseats emergency valve (139 ) and allows the full
power of the auxiliary reservoir pressure to pass
rapidly to the brake cylinder, there to be instantly
effective, on account of the large annular passage
(L L)) and check valve (117). Meanwhile, as passage
(F") is always open, the temporary pressure exerted by
air in chamber () has rapidly lost its effect by escap-
ing through port (F7), and spring (132) has returned .
valve (71 ) to its seat, thus checking the further escape
of air when the train-pipe pressure is sufficiently
reduced to apply the brakes to quick action on adjoin-
ing cars. Asvalve (71) closes, it returns piston (129)
to its original position, its travel to the right being
limited by the stop (142), shown in Fig. 2. Valve
(189) and piston (137) have also been returned to their
former positions, as shown in Fig. 3.

Releasing brakes after an emergency position is
accomplished in the same manner as previously
described under the plain triple. All other parts
having automatically returned to their original posi-
tions (Fig. 3), thereis only the main triple piston (128)
to be acted upon. Restoring the train-line pressure
causes this piston to return slide valve (38) and grad-
uating valve (48) to the position shown in Figs. 2 and
3, allowing the brake cylinder pressure to escape to
the atmosphere underncath the slide valve (38 ), at the
same time the auxiliary reservoir is being replenished
through the feed groove (B).

This triple valve has no communication between the
train-line and the brake-cylinder, and hence no defect-
ive check valve can allow the brake-cylinder to escape
back into an open train pipe.
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One of the advantages of this valve lies in the fact
that itis so constructed, as shown in Fig. 2, that, if
any one of the valves leaks, it can be detected from the
outside and the defect remedied without disturbing
any of the pipe joints.
~ Moisture from the train-pipe collects in the drain

cup at the bottom of the valve where it can be drained
by unscrewing the plug.

While the parts are similar for passenger and
freight triple valves, the ports in the former are larger,
and therefore they should not be interchanged. Pas-
senger triples have a letter “P” cast on the outside.

WESTINGHOUSE “1900” FEED-VALVE OR TRAIN-
LINE GOVERNOR. SLIDE VALVE PATTERN.

This form of feed-valve attachment to the “1892”
Engineers’ Brake Valve was designed to embody all
the advantages of the old form and at the same time
govern the train-line within closer limits, be less liable
to derangement from gum and dirt, and be so ar-
ranged that it can be easily taken apart and cleaned
without the slightest interference with the adjustment.

The method of attachment of this new device is
identical with that of the older form, the two being

interchangeable.

" As clearly shown in the cuts, Figs. 1 and 2, the
supply-valve chamber F and the ports and passages .
marked f are in direct communication with the main
reservoir through port f of the engineers’ brake
valve,* when the handle of the latter is in “running

*For full particulars of thé principle and operation of the Engi-

neer’s Brake Valve the readér is referred to “The Science of Rail-

ways,” where they may be found by reference to the General
Index.
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position.” The passage lettered ¢ is an extension of
the corresponding train-line passage in the brake
valve. Chamber £ is separated from chamber F
by supply-valve piston 54.

It will readily be seen that if chamber E is con-
nected with the train-line, piston 54 (See Fig. 2)
would be forced to the right by the greater main reser-

7

Fig. 1. Fig. 2.
Westinghouse ““1900’° Feed Valve or Train Line Governor.
4 Slide Valve Pattern.
54—Supply Valve Piston. 59—Regulating Valve.
55-—Supply Valve. 65—Regulating Nut.
57—Diaphragm. 67—Regulating Spring

58—Supply Valve Piston Spring.
voir pressure in chamber I acting on the other side
of this piston. However, if chamber £ were shut
off from all communication with the train-line, it will
be equally apparent that, as there are no packing
rings in piston 54, the main reservoir pressure from
chamber F would soon form an equal pressure in
chamber F, thus allowing the supply-valve piston
spring 58 to force piston 54, and with it the slide-
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- valve supply valve 55 to the left, closing port b, as
shown in Fig. 2

Now it is in order to explain how chamber £ may
or may not be in connection with the train-line.

By referring to Fig. 1, it will be seen that regulating
valve 59, when open, connects passage ¢ ¢ leading
from chamber I (consult both Figs. 1 and 2 to see
the connection) with diaphragm chamber G, which
in turn is connected by invisible passages i1 (dotted
lines, Fig. 1) with the train line at port ¢ at the top.
Regulating valve 59 is normally held open by dia-
phragm 57, which is acted upon by regulating
spring 67, whose tension of seventy pounds is
adjusted by regulating nut 65.

When the handle of the engineer’s brake valve is
placed in “running position,” main-reservoir air is
admitted to chamber I, forces supply-valve piston
54 forward, carrying supply valve 55 with it,
uncovers port b, and gains entrance directly into
the train line through passage . The resultant
increase in train-line pressure likewise increases the
pressure in chamber G under diaphragm 57 until
it overcomes the tension of regulating spring 67,
previously adjusted to yield at seventy pounds or-
some other desired pressure. The consequent move-
ment of diaphragm 57 allows regulating valve 59
to be seated by its spring, closing port @ and cutting
off all communication between chamber £ and the
train-line. The main-reservoir pressure in chamber
I’ then equalizes with the pressure in chamber £,
by leakage past supply-valve piston 54, and supply-
valve piston spring 58, previously compressed by the
comparatively higher pressure in chamber F, now
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reacts and forces supply valve 55 to its normal posi-
tion, closes port b, and cuts off the communication
between the main reservoir and the train-line. The
reduction of train-line pressure below seventy pounds,
or other set limit, reduces the pressure in chamber
A, thereby permiting regulating spring 67 to react
to the left and forcing regulating valve 59 from its
seat, thus allowing the accumulated pressure in
chamber E to exhaust into the train line through
ports cc and i (dotted), as previously described.

The main-reservoir pressure in chamber I now
readily overcomes that now in chamber E, and
hence forces piston 54 and with it the supply valve
55 to the right, and recharges the train-line through
port b, as before described.

With this form of valve it is readily seen that the
train-line is charged more quickly than with any of
the former designs, because it maintains a wide open
port until the full train-line pressure has been reached.

HIGH-PRESSURE CONTROLLING APPARATUS.

The high-pressure controlling apparatus was orig-
inally designed for the high-speed braked trains,* but
has become adopted and quite useful in service on
mountain grades, for which its utility will be easily
recognized. It should be noted that the new slide
valve feed-valve attachment, fully illustrated and
described elsewhere in this volume, is now a standard
part of this high-pressure controlling apparatus.

* For further details of the High-Speed Brake apparatus the
reader is referred to “The Science of Railways,” where, in the

General Index, he will find several references to descriptions and
illustrations of the special mechanism connected therewitg
5
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In high-speed brake service the,same locomotive
does not always haul the same train, and hence such
locomotives must be so Adjusted
equipped that they may : -
be ready in a moment’s
time to work in either
high-speed or
ordinary ser-
vice pressures.
While this
would ordinar-
ily require a
change in the
adjustment of
the pump
governor
and feed

// Equalizing \\
/' Reservoir

Feed Valve \
Pipe Bracket

Reversing
Cock

Feed Viive Adjusted jor
Adjusted for

70 Ibs.

Fia. 3.
High-Pressure Controlling Apparatus.

valve attachment in changing {from
one service to the other, yet the
controlhng apparatus here shown makes it pos51b1e to
throw the low-pressure governor and the low-pressure
feed-valve attachment out and the similar high-
pressure parts in by the mere turning of two valves.
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As will be seen by the cut, the duplex governor
consists of a single body and two tops or heads, one of
which is adjusted at 90 and the other at 110 pounds
pressure. Each governor head is connected to the
main reservoir pressure, which it is their duty to
control. The reversing cock is placed in some con-
venient and secure place, generally under the running
board on the engineer’s side of the locomotive. This
cock has two feed-valve attachments, one set at 70 and
the other at 90 pounds train line pressure, and either
of these may be thrown into use and the other cut out
by merely turning the handle of this reversing cock.
It should also be noted that there is a small }4-inch
cut-out cock in the air pipe leading to the low-pressure
(90 pounds) governor. Thus, by turning the revers-
ing cock handle to the left, the 70-pound feed-valve is
thrown into operation, and by opening the »;-inch
governor cut-out cock, the 90-pound governor is oper-
ative, thereby giving the low-pressure system. If it
be desired to change to the high-pressure system,
reverse the position of both cocks, that is, turn the,
reversing cock handle to the right, thereby cutting out
the low-pressure feed-valve and throwing the high-
pressure feed-valve into use; close the ;-inch gov-
ernor cock, thereby cutting out the low-pressure
governor and allowing the air pump to compress air
into the main reservoir until the high-pressure gov-
ernor acts.

When the above described apparatus is used in
connection with the high-speed brake, it is customary
to set the high-pressure feed-valve at 110 pounds and
the high-pressure governor at 120 pounds pressure.



BRAKE SHOES.

The subject of shoes is ordinarily considered a
prosaic one; but as foot wear for mankind must be
adapted to the various requirements to be met with,
so must the brake shoe “fit” the service required. The
man with sharp nailed logging boots would be no
more handicapped in wearing them in the ball-room
than would be the dancer with his patent leather
“pumps” in a log-rolling contest.

The same air pressure applied to the various wheels
of a locomotive or train where brake shoes of different
hardness are used will produce a widely different fric-
tion as well as tire-dressing effect on the various
wheels. Before the maximum braking power could
be obtained from the friction of the hard cast iron
shoes, the wheels having softer shoes applied would
be bhdlng Sliding wheels not only cause damage to
themselves but while sliding reduce the retarding
effect for which the brake exists. Hence the only
way to obtain the fullest degree of brake efficiency is
to have a uniform hardness of brake shoe on each
wheel.

Brake shoes are made for three kinds of service,
namely:

(1) Steel-tired driving wheels, (2) chilled cast iron
and (3) stecl-tired car, engine truck, and tender
wheels.*

* For further information on brake shoes and the various degrecs
of cast iron best adapted thereto. the reader is referred to ‘“The
Science of Railways,” General Index, Vol. XII,

(3)
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The brake shoe for locomotive driving wheels must
be one that not only will produce the necessary friction
for braking purposes but also dress off that portion of
the tire which is not worn down by contact with the
rail. Small-wheeled freight and suburban passenger
engines necessarily require a brake shoe that will
cause greater tire dressing than that
necessary for the large driving wheels

of express locomotives.

It has been said with
reason that work on
driver and tender
brakes that will enable
them to wear out brake
shoes is more to be de-
sired than quick-acting
triple valves, and it is
safe to assume that the
brake which does not wear
out shoes in a reasonable
time is doing but little work;
before all other considerations

Fie. 1.
the brake should have proper Bbrake shoe and Its Applica-

tion to the Driver.

holding power.

The primary point in the consideration of a brake
shoe is friction, and next to this the effect of the shoe
upon the tire. The experience of railroad men in
general and the results of various tests show that
steel acts more effectively on the tire than chilled or
unchilled cast iron, and for this reason shoes of steel,
or steel and iron, for locomotive service, are the most
efficient and popular.

The last point to be considered in the brake shoe and



70 LOCOMOTIVE APPLIANCES.

one which is of the least importance in comparison
with the other two (although oftentimes overlooked by
the purchasing agent.in his zeal for cheapness), is the
life of the shoe, or its durability.

The brake shoe which lasts the longest is liable to
be the one which does the least work. It can be shown
that by reducing the brake pressure, the same result is
accomplished as would occur from making the shoe
very hard.

The shoes for locomotive service are:

First, the driving brake shoes, which are required
not only to hold the wheel but also to cut down the
tire where it is not acted upon by the rail.

~Second, the leading truck and tender shoes, which
while giving good frictional effect should not act so
severely upon the tires, because of the reduced action
of the rail in wearing into the tires. However, the
shoes for the leading truck should cover not only the
outer tread but the flange also of the wheel in order to
reduce to a minimum the tendency to sharp flanges.
The tender shoes, if used on steel tires, should prefer-
ably be made of the same design, although the tend-
ency toward wearing the wheel flanges sharp is not so
great as in the case of the engine truck. The shoes in
each case sheuld have good frictional effect consistent
with the proper action on thé tires.

THE SARGENT BRAKE SHOES.

The Sargent brake shoes, made under license from
the American Brake Shoe Company, are described as
foilows:

Locomotive Driving Brake Shoes. — First, the
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skeleton steel brake shoe, Fig. 2, is a casting of
mild steel, the metal of which is

so disposed as to cover as much

as possible those parts of the %

wheel tread which are not acted

upon by the rail. Steel is the @
most effective metal for wearing

down the tire and in the skeleton Flo. 2.

steel brake shoe the right metal Skeleton Steel Brake Shoe.
is properly designed for the service required. The
material possesses high frictional power and a strong
wearing action on the tire, and, as distributed in the
skeleton design, cuts away the outer tread and top of
flange, thus tending to maintain the original tire out-
lined. Shopping engines for tire turning is largely
prevented or delayed by the use of the steel shoe, and
the expense of locomotive maintenance considerably
reduced. The skeleton steel brake shoe is strongly
recommended for freight, switching and suburban
service, and where tires are rapidly worn into by the
action on the rail.

The Skeleton Steel Insert Shoe, Fig. 3, is recom-
mended for general locomotive service. It is not so
severe a tire dresser as the all-
steel shoe, but is more generally
used. It consists of a body of
cast iron-having inserts of a spe-
cial crucible steel disposed along
the face of the shoe where it con-

Fie. 3. tacts with the tire outside of the
Skeleton Steel Insert Shoe. |jmjis of rail wear. These inserts
remain constant, being unchanged by the heat of
friction, presenting hard and uniform cutting edges
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which are exposed by the grinding away of the cast
iron between them, and act like milling tool cutters in
dressing down the tire. The skeleton design removes
much of the shoe metal from against the throat of the
wheel flange and over the line of rail wear; the broad
surfaces of soft cast iron at each end of the shoe and
the large area surrounding the inserts afford ample
holding power, while the inserts by their hardness
insure durability and cutting action on the tire.

The skeleton steel insert shoe is designed for all
classes of locomotive service and its use insures
increased engine mileage between tire turnings and
increased brake efficiency.

The Improved Combination Brake Shoe, Fig. 4, is
designed for those who desire great durablhty com-

bined with wearing action on the
tire. It consists of a body of cast
iron having high chilling proper-
_ties; diagonal grooves along the
outer tread, and depressions in the
flange-bearing portions made by
metal chill blocks, provide sharp
e edges for cutting down the tire;
; ik across the face of the shoe and over
mproved Combination
Driving Brake Shoe.  the limits of the rail wear upon the
tire, are alternate areas of chilled and soft metal, the
former to reduce to a minimum the abrading action of
this portion of the shoe face upon the tire, and the
latter to provide frictional effect. The combination of
cutling edges and hard and soft surfaces of contact
being such as to provide an equality of brake shoe
action upon the tire, so as to prevent uneven wear.
This brake shoe is in extensive use and proves a most
durable and economical shoe.
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Engine Truck and Tender Brake Shoes.-—The
Skeleton Diamond “S” Brake Shoe consists of a body
of soft cast iron surrounding and permeating a bundle
of expanded sheet steel, as shown by Fig. 5. The
shoe is especially designed to give a
mild uniform dressing action upon
the outer tread and the top of the
flange in order to keep up with the
wear of the rail into the tire and to
perpetuate as long as possible the
original shape of the wheel tread.
The combined structure of steel and
cast iron makes a very strong shoe o . 5>~ .,
with a composite face in which ~ Brake Shoe.
strands of mild steel bind the cast iron in all directions.
The toughness of the steel retards the rapid grinding
away of the cast iron without materially reducing the
frictional effect, with the result of increasing the life of
the shoe over that of plain cast iron without sacrifice of
holding power.

The use of this brake shoe on truck and tender
wheels, as well as the steel-tired coach wheels, means
greater mileage from the tires, increased efficiency in
brake action, together with a reduction in
the total cost of operation.

The Unflanged Diamond “S” Brake Shoe
is a reinforced cast iron shoe, as shown by
Fig. 6. It is simply a block of soft, strong
iron castabout abundle of strips of expanded
¢ sheet steel. The combination forming a

Fe. 6.  Solid, homogeneous mass in which the steel
pinflanged , is not fused by the iron, but retains its
Brake Shoe. - toughness and strength, and on account of

Fie. 5.
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the bonded structure of the shoe, holds it together so
that it can be worn down much thinner than the plain
cast iron shoe without danger of fracture. The
durability and strength of the Diamond “S” shoe
insure a reduction in cost with an improvement in
the brake efficiency.

The “U” Brake Shoe, as shown by Fig. 7, is
designed to provide a shoe with the maximum dura-
bility with a constant and uniform
action throughout its entire life,
without injurious effect on the
wheel; and to secure this extra
endurance at as little expense of

holding power as possible.
Theidea is to take a soft cast iron
shoe and add metal to the ends
beyond the limits of the ordinary
¥ie. 7. M. C. B. shoe, hardening these ends
The “U”Shee- “from the back in such a manner
that the chilled or unchilled portion merges into the
softer iron before reaching the surface of the shoe
exposed to wear against the wheel at the beginning of
service. So that at the start the whole area of contact
of the “U” Shoe is of soft, unchilled iron equal to the
face of the Standard M. C. B. Shoe. As the shoe
wears down the hardened ends come into play to
increase its life and these hardened ends, while delay-
ing the rapid wear of the soft cast iron, increase the
bearing surface of the shoe upon the wheel, making
up somewhat for the decrease in frictional effect.
The location of the hardened ends of the “U” Shoe
are outside the limits of the M. C. B. brake head and
in no way diminish the strength of the shoe. The
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ordinary type of chilled brake shoe is very liable to
break in service on account of the strained condition
of the metal, due to the chilled sections or inserts.
This strained condition is entirely removed in the
construction of the “U” Shoe; which is used on tender,
coach and car wheels where great durability is
desired.

THE LAPPIN BRAKE SHOES.

The recent development in the line of improvement
in brake shoes has been, not so much in the creating
of new forms or types, as in the modification of exist-
ing types to insure the practlcal W earlng out of all or
nearly all of the metal in the shoe, ;
and thereby eliminating the brake
shoe scrap that has in the past
contributed so large a proportion to
the waste of metal that makes up the
scrap heap in railroad yards.

The first marked advance made
in this diréction was with the steel
or malleable metal back shoe pat-
ented by H. B. Robischung in 1893,
and since acquired by the Lappin
Brake Shoe Company. In addition
to this malleable metal back this
shoe is now being furnished with
malleable hooks and lugs on types
of shoes where they form part of the [}
device for attaching the shoe to the §
brake head. F1c. 8.

Fig. 8 illustrates a driver brake Lappin Driver Brake

Shoe, with Malleable
shoe having malleable or steel back  Back and Lugs.
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and lugs, as described. With this construction, the
shoe can be worn down with perfect safety to this
back which is about one-fourth of an inch thick,
thereby reducing the scrap loss by more than fifty
per cent., and the hooks or lugs, being of malleable
metal, cannot break, as sometimes happens when
they are of common cast iron or of the same material
as the body of shoe. '

Fig. 9 gives two views of the now standard
Lappin car shoe of the
M. C. B. type with steel
back, one showing the
back of an unbroken
shoe and the other a
face viewof shoebroken
in pieces to show the
grip of the metal in
body of shoe on the

AT metal back. The pieces

Lappin Car or Tender Brake Shoe. are held <O ﬁrmly tO the
back that if the shoe from any cause '
should crack or break, in several pieces,
it can still be worn out 'with entire safety.

Fig. 10 shows a malleable metal or
steel back extending over the lug on
back of shoe, and through which
passes the key that secures the shoe
to brakehead. This lug, when formed
of the cast metal integral with the body
of the shoe, is liable to break, in which
case the shoe is at once detached from fi=—=5
brake head and falls off; but with the | Fe.10.
malleable metal back extending over ~Shoe




LOCOMOTIVE APPLIANCES. 77

and forming the lug, it is impossible for the shoe to
break at this point and fall off.

Fig. 11 shows the back and face view of the inter-
locking shoe, the latest development in brake shoe
improvements, which it is claimed will entirely
eliminate the bralke shoe from the scrap heap,
as this shoe wears entirely out in the service,
leaving no scrap that can be found. It can be
furnished in the ordinary soft iron brake shoe
mixture, to roads that so prefer it, or it can be fur-
nished with inserts in the face for use on chilled
wheels, or it can be chilled in sections in conformity
with the Lappin standards
for use on either chilled or
steel tired wheels, the inserts
of the chills very greatly
increasing the life or wearing
qualities of the shoe.

When first applying this
type of shoe, what is
known as the plain-faced
type without any inter-
locking recesses cored in the face is used, and
when this shoe has worn down to about five-
eighths of an inch in thickness, or to the point at
which ordinary cast iron shoes are scrapped, it is
removed, and by the interlocking device on its back
it is secured to the face of a new pocket-faced shoe,
and the whole is then again reapplied to the brake
head with the new pocket faced shoe next to the brake
head, and the remaining unworn part next to the
wheel, as shown in Fig. 12,

Fig. 11.
Interlocking Brake Shoe.
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This shoe is cast
in two parts, each
about seven inches
in length, and these
short segments at
once adjust them-
selves equally well
to  wheels  from
thirty-threetothirty-
six inches in diam-
eter, and thus ob-
viate the necessity
of carrying a stock
of shoes for these
different  sizes of
wheels.  The re-.

>\ . maining unworn

/ ////“% part of the old shoe,
— = %D Whenagainatached
\\?%?%// @ Mgt it

“2», to the face of a new
B lwav
shoe, always pre-
Fie. 12 sents a surface ex-
The Interlocking, Divided, Brake Shoe. antly conforming
with the radius of the wheel against which it had
been previously applied.

THE CORNING BRAKE SHOE.

As the result of an extended study of the require-
ments of a brake shoe suitable for both steel-tired
and chilled wheels, the Corning Brake Shoe Company
presents another type of brake shoe. The materials
used in its construction, soft cast iron and chilled iron,
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were selected as being the only common metals which
do not injure steel tires. No steel or wrought iron is
used in Corning brake shoes.

Reference to the accompanying engravings will
show the Corning brake shoe for locomotive driving
wheels and the plain shoes for cars and tender
wheels. These are all similar in having the main
body of the shoe of tough, hard iron cast about a

Fie. 138. Fia. 14. F1a. 15.
Corning Soft Corning Driver, Corning Plain
Gray lron Brake Shoe. Brake Shoe.

Insert.

soft gray iron core, shown in Fig. 13;the body of
the shoe has a chilled face. The sides of the soft
iron inset are so tapered from the back to the face
of the shoe that, after the body is cast about it, a
section through the shoe shows a dove-tail joint.
The advantage gained by this combination is that
the long life of the chilled iron is obtained, while at
the same time the soft iron gives to the shoe fric-
tional qualities equal to those of the ordinary cast
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iron so commonly used in service. The wearing
qualities of this combination of materials have re-
peatedly been shown by service tests made on many
railroads, while recent laboratory tests have estab-
lished the claims made for the frictional qualities of
these shoes. It is claimed that one of these shoes
such’ as shown in Fig. 15, will outwear six plain
cast iron shoes of ordinary hardness.



FLEXIBLE METALLIC JOINTS.

It has long been customary to convey steam and
air by rubber hose when flexibility of construction has
been required. In regard thereto it should also be
stated that such hose has been perfected in quality
to a very great extent. However, the combined
effects of the pressure within and the weather without
ultimately require its renewal, and the length of time
during which it may safely be used is very indeter-
minate. :

With the advent of the air brake on all classes of
trains, and steam heating on passenger trains, came
a demand for some flexible metallic joint or coupling
to be used between the vehicles.

While the air brake train-pipe has normally a
greater pressure than the train steam heating pipe,
the latter is not only larger but is frequently subject
to undue pressures, sometimes approaching the full
boiler pressure carried on the locomotive; this might
be caused from improperly closing valves near the
head end of the train, or more usually {rom defective
pressure regulators on the locomotive. Then, too,
more danger and delay are attendant upon the burst-
ing of a steam hose than that of an air hose.

Considerable difficulty has been experienced in
designing a satisfactory flexible coupling for all pur-
poscs, that should of necessity be easy of coupling
and uncoupling. Inasmuch as the locomotive and

tender require to be less frequently disconnected than
6 @)
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other parts of the train, it is but natural that a satis-
factory metallic connection between theseshould have
first been put into extensive practice.

Fie. 1.
Moran Flexible Joint.

" Although a large number of such deviceshavebeen
used locally on various railways, it will be the inten-
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tion to here describe only those which have been used
extensively in all parts of the country.

THE MORAN FLEXIBLE JOINT.

Fig. 1 clearly illustrates the application of this
joint for steam heating connection between engine
and tender. It will be noticed that, to give the best
results, all three joints should stand square with the
piping when the engine is on a straight track.

By reference to Fig. 2, which shows .a sectional
view of one of the three joints, the arrangement of the
automatic relief trap may be clearly seen. It consists
of a small steel ball held off {rom its seat by a spring
whose tension is only sufficient to withstand about 15
pounds per square inch. Hence as soon as the pres-
sure exceeds this amount the ball seats and prevents
all escape of steam or water. However, when the
steam is shut off and the pressure drops below 15
pounds, the automatic drip is opened-and all con-
densation escapes. This automatic action of the
traps will thus effectually prevent
all freezing and bursting of pipes
under engine and tender provid-
ing the piping is properly done, that
is, sloped from each way toward
these joints in order that they may
be at the lowest point and conse-
quently drain off all water of con- g, ;ional View Moran
densation. Flexible Joint.

These joints require no care and attention as long
as they have steam for lubrication, but in warm
weather when not in use and sand and grit works
into the joints, it is most advisable to either constantly

Fie. 2.
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keep a slight pressure of steam on them by closing the
cock at the back of the tank or else to remove the
joint from the locomotive until cold weather.

The former practice is that advised by the manu-
facturer.

Fig. 3 shows this same metallic coupling as made
for connecting steam piping between cars or between

Fiea. 3.

Metallic Coupling for Steam Piping.

the rear of the tender and the train. Should the
train break in two, the chains automatically dis-
engage the steam coupling without damage thereto.
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A nipple, with an enlarged end, is inserted in the bore
of the elbow, and is free to turn therein, but is held in
place by a cup nut, against which the shoulder, or
enlargement of the elbow, bears. A ring of vulcan-
ized rubber is inserted between these surfaces to make
a tight joint and to provide for taking up wear.
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Fia. 2.
Plan and Elevation of Steam Heat Conduit as applied between
ocomotive and Tender.

While adapted to and used for a large number of
purposes requiring flexible connections, the most
severe test has been made in connecting locomotives
and tenders for steam heating. In this exacting serv-
ice the arrangement has given excellent satisfaction
for a period of three years. It wears well and does not
leak. The construction is shown in the engravings.
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Any couplings used by any railroad can be used
with the joint the same as if it were hose.

This conduit has been adopted by a number of the
large railway systems of the country.

CLIMAX FLEXIBLE METALLIC JOINT.

Fig. 1 shows the general construction and arrange-
ment with a pet cock at the lowest point of the coupling
for drainage of all water when not in use. 'There is a
dcuble or universal joint at each side and a single or
swivel joint in the center.

Fie. 1.
Climax Flexible Metallic Joint.

Fig. 2 shows a sectional view of one of the universal
joints. They are made entirely of steam metal, and
the two glands (G-G) are each surrounded by three
Jenkins discs screwed down to a joint by the nuts
(E-E). These nuts have holes in their faces to per-
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mit their removal whenever the discs require renewal.
To do this the caps (C-C') may be taken off.

NN

L]

A and B—Connec-

B 1 Tenking’ Di
s D—Jenkins’ Dises

for Packing.

E-E—Nuts to hold
Glands. '

G-G—Glands.

C-C-C—Caps for -
removal of
Glands and c
Packing.

Fie. 2.
Climax Flexible Metallic Joint—Double Joint.

The center swivel joint shown in Fig. 1 has a single
gland and set of packing similar to those shown in
Fig. 2. ’



PRESSURE GAUGES.

The first devices for indicating the varying changes
of pressure were extremely crude, although the ab-
solute standard is and always has been the weight
of mercury (quicksilver) expressed in pounds pres-
sure per square inch: .

One of the first pressure gauges used was a simple
“U”-shaped glass tube partly filled with mercury; the
pressure admitted to one side lowering the level in that
side and raising it in the other. The difference
between the two levels determined the pressure-—
2 1-32 inches (approximately)being equal toone pound
per square inch at a temperature of 60 degrees Fahr.

When it was not convenient

@\ to graduate directly upon

5 251 the glass tube, recourse was

@ had to a metal tube with a
ir1 float and independent scale

in some convenient loca-
aagef| tion. The engraving Fig.
A shows such a U-shaped
tube with float transferring
the indications to a scale
i by means of a cord over

Mercury Column and Gauge. pul]cys,

While the mercury gauge has been greatly per-
fected it is, as before stated, still the standard gauge
to this day. The most accuratetest is a perpendicular
iron tube, immersed in a sealed pot of mercury at its

(88)

ToBorlar




89

LOCOMOTIVE APPLIANCES.

base and running high in the air (see Fig. 1). The

pressure from the test pump is applied to the surface of
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Fic. 1
Electro-Mercurial Gauge Tester.
the mercury and causes the latter to rise in the tube to

o

a height proportionate to the pressure applied. At
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each point of graduation on the tube, an insulated
platinum wire point is inserted arid connected with an
electrical register. By means of battery connections
to the mercury and to each platinum point, when the
two come in contact at each graduation, the electrical
register is formed.

Although the sealed tube was allowed on higher
pressures, yet as late as 1843 the French government
required the open tube to be used for engines under
sixty pounds and steamboats under thirty pounds
pressure per square inch.

On account of its defects and disadvantages for
ordinary pressure measurement, the tube of mercury
gradually gave way to gauges of mechanical con-.
struction, more suitable for practical use. The
designs and modifications of such mechanical gauges
are now quite numerous, but for years there were two
principal types, viz.: the “Bourdon” tube and the
“diaphragm.”

The single spring Bourdon gauge as shown in
Fig. 2, is dependent for its action upon the fact that
pressure admitted to a bent
tube has a tendency to~
straighten it; however, it was
found to be open to objection
from two main causes-(1)
The end of the tube, after
passing the top center,
became a pocket for water of
condensation, and hence be-

F1o. 2. came liable to damage by
Single Bourdon Spring Gauge.  frost. (2) As the tube was
long and sensitive to motion, it was found not
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accurate on a locomotive or any moving machin-
ery, as the jolt and jar kept the pointer in such a
constant vibration as to prevent a correct reading of
the pressure being obtained.

Each improvement upon this single Bourdon tube
gauge consisted mainly in cutting off a piece of the
tube, until finally the tube did not pass the top center.
The vibration and pocket features were thus over-
come, but at a sacrifice of the motion of the spring.
This finally resulted in theintroduction of the double

Fra. 8.
Double Bourdon Spring Gauge.

Bourdon tube gauge, which is shown in Fig. 3. This
was found to be more satisfactory and free from the
two former prime objections to the Bourdon tube.
The principle of this double Bourdon tube is the
same as of the single tube style, and this principle
can readily be understood by noticing the tendency
of a coil of hose to straighten out when pressure is
admitted within it.
The other type referred to is the diaphragm gauge,

invented in about the year 1849. One of the earlier
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Early Form of Diaphragm
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forms of this gauge is shown
in Pig. 4, having the dia-
phragm located in a compart-
ment below the gauge. The
objection to this gauge, as
originally designed, was in
the use of the flat diaphragm
fastened rigidly at the circum-
ference. It was impossible to
make allowance for the draw-
ing in toward the center when
pressure was applied. The
diaphragm made of a corru-
gated plate has finally been
used to reduce this tendency.

Fig. 5 clearly illustrates another and different form

of diaphragm gauge. In this gauge there were

several corrugations on one side
and none on the other; the
pointer was fastened perpendic-
ularly, as shown, at the center
of the diaphragm. Thus the
extra movement on the corru-
gated side, produced by the
applied pressure, moved the
pointer or hand of this gauge
along the graduations.

Siphons and Siphon Cocks.—

Wherever a pressure gauge is to
be used for steam, siphons are
indispensable.

‘For very small gauges bulb

//—\

/jﬁ‘*

I PV =
e
F1a. 5.
Early Form of Diaphragm
Gauge.

siphons or “traps,” three styles of which are shown in
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Fia. 6.
Bulb Siphons’ or Traps.



94 LOCOMOTIVE APPLIANCES.

Fig. 6, are often used, but for larger gauges a pipe

siphon, as illustrated in Fig. 7, is used, as it can be
made of such size as necessary to hold
sufficient water.

It should be particularly understood by
those using pressure gauges of the types
hereinafter shown that none of the manu
facturers warrant these gauges for steam
use unless a siphon is attached that will
supply sufficient water to {ill the tubes

cfﬁ"i»l;e and springs, otherwise they become heated

siphon. Dy steam and cannot be depended upon
for accurate indications of pressure.

The principle of the siphon is readily understood by
reference to steam heating pipes in any house, or in
the pits of a roundhouse, with which all are familiar.
It is well known that pipes gradually sloping will
permit steam to pass throughout their length, but
that when there is a low place anywhere the water
will settle at that point and remain unless there is an
outlet beyond through which the steam pressure
behind can force the water. These siphon pipes are
used to form such traps for steam gauges, and it
should be borne in mind that any leak, no matter how
slight, between the siphon and gauge, will permit the
steam to force the water out and itself enter the gauge.

All gauges used on a locomotive, whether to indi-
cate steam or air pressures, should be placed as far
from the boiler as possible, and, while rigidly secured
to prevent vibration, they should be mounted on
brackets insulated as well as may be from the heat
radiating from the boiler or by conduction through
the bracket. To minimize this conducted heat,
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gauges should preferably be fastened to wooden
blocks, and the latter to the boiler. gauge bracket
itself.

CROSBY LOCOMOTIVE PRESSURE GAUGE.

This gauge has the double Bourdon tube springs,
as shown in the engraving, Fig. 9. 'The tube springs-
. are connected at each end with their respective parts
by screw threads without the use of any soldering
material whatever, thus insuring tight joints under
extreme conditions of heat and pressure. The lever

Vi, 8. Fie. 9.

Crosby Locomotive Pressure Gauge.

mechanism, which transmits the free movements
of these Bourdon tube springs to the index, has been
designed with great care, and so that it may be
easily renewed in case of repairs.

These gauges for locomotive use are graduated to
any pressure not exceeding five hundred pounds per
square inch.
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Fig. 10 shows the internal
arrangement of a single Bour-
don tube spring Crosby gauge.
This gauge is designed to
meet the demand for a cheaper
gauge than the more accurate
double tube form before illus-
‘ trated.

e The thermostatic water

Crosby Single Tube Gauge. ~ back gauge shown with

single and double Bourdon tube springs in Figs. 11

and 12, is particularly adapted for use on high-pres-

sure locomotives, especially compound locomotives,

which frequently carry a boiler pressure of two hun-
dred pounds, or over. ,

It is well known that when a steam gauge in use, on
account of its location, is heated to a temperature of
100° Fahr., and upwards, that thereis an expansion of
its parts, due to the heat, to such an extent that it will
be erroneous in measuring the pressure which it
should record. In such cases the parts which mate-
rially affect the correct operation of the gauge are the
tube springs. It occurs thus: The tube springs
having been tested and adjusted to a certain move-
ment under pressure in the ordinary temperature of
the factory, or where it takes place, will when the same
are heated in use to a high temperature lengthen by
expansion to such an extent that, when they are sub-
jected to the same pressure, their free ends will move
through a larger arc than when they were tested.
This movement multiplied by the ordinary mechan-
ism of a steam gauge for transmitting it, causes this
increased pressure to appear upon the dial. In such
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a heated condition of the tube springs, the error pro-
duced is sometimes considerable, being several per
cent. greater than the true pressure, thus deceiving
the user of steam into the belief that he is getting a
less result, in work, from the indicated pressure than
he ought. This error can be corrected by suitable
mechanism in the steam gauge. Such an one, it is
claimed, is internally shown by Figs. 11 and 12. In
the ordinary steam gauge, the bar which transmits
the movement of the free ends of its tube springs is

Fie. 11.
Single Bourdon Tube Spring. Double Bourdon Tube Springs.
Crosby Thermostatic Water-Back Gauges.

made of a homogeneous metal, and when the tube
springs are affected under heat as above stated, it
transmits the increased movement just in the same
way that it would transmit the intended or designed
movement when the tube springs are cold. Thus the
errorarises. Inthe improved gauge above shown, this
bar ismadeof brassand steel brazed together, forming
a thermal bar, so that, under the influence of high
temperatures, it will compensate for the expansion or
lengthening of the tube springs and their greater
movement thereby under pressure, by retarding
7
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simultaneously the motion of the index which records
such.movement on the dial. The action of this ther-
mal bar is, that its end remote from that where it is
attached to the tube springs will droop, or deflect, or
move oppositely to the tube springs on account of the
action of the temperature upon the two metals com-
posing it, as is commonly understood. This opposite
movement retards the index proportionately to the
lengthening of the tube springs, as they are both
influenced by the same temperature, and thus compels
it to keep back to the notation of pressure on the dial
where it correctly should be.

In addition to this thermal bar, this gauge has a
chamber, so constructed that when filled with water
or other liquid it not only supplies the Bourdon tube
springs, connected to it with all that is required, but
serves to equalize the temperature about them. This
is important. For unless the tube springs are sub-
jected to a heat greater than 212 Fahr., they do not
set when in use; and as it is impossible, as made,
under ordinary conditions of use, for heat to be trans-
mitted by conduction to such an extent, they are
secure from this danger.

This chamber is located in the gav- e case so that it
has its connection to it and witli the boiler at the
bottom. Attached toit are the tube springs, the index
mechanism, and the dial, the latter upon the bosses;
and all are independent o the¢ case and are free from
any influence of it under heat, excepting at its imme-
diate point of attachment, which is unimportant.

The chamber of this gauge is filled with a liquid
which is not seriously affected by exposure to cold,
nor is it injurious to the operation of the gauge. Upon
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the removal of the cork which is inserted in the inlet of
the gauge connection to prevent leakage during
transportation, it may be attached to the boiler in the
usual manner without a siphon or other device for
furnishing water to it.

Should it become necessary again to fill the cham-
ber with water or other liquid, remove the small screw
located in the case by the side of the gauge connection,
to provide a free course from the inlet in the gauge
connection, around through the chamber and tube
springs to the open air. Then, holding the gauge so
that the inlet will be uppermost, pour the liquid used
into it, occasionally shaking and turning it to expel
the air and assist the flow of the liquid into all parts of
the chamber and tube springs. When they have
received about two fluid ounces of the liquid, and it
appears at the aperture of the screw removed, they
will then be filled. Close this aperture tightly with
the screw and the gauge will be ready for use.

THE LANE PRESSURE GAUGE.

This gauge is shown by Fig. 13. The im-
provement in this gauge consists of a bent lever
provided with an adjustable
link at its head, to which one of
the tube springs is attached, the
other tube spring being d1rect1y 1 £
connected with this lever. By fi{ §

lever and rack, relatively to the \
two tube springs, can be more
readily and perfectly adjusted
than by any other method in use Fio. 13.

in this style of gauge. e, Srvmucs Garage:
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STAR GAUGES.

In des1gn1ng a spring tube that will not retain

Fia. 13-A.
Star Corrugated Spring.

any permanent set after repeated
bending back and forth with
varying pressure, the manufac-
turers of this gauge make use of
a corrugated tube, as shown in
the accompanying engraving.
These makers also lay special
stress upon the point that they
have for many years manu-
factured a non-corrosive move-
ment in their gauges, thus
avoiding the injurious results
of smoke and gases.

STAR NON-CORROSIVE AND NON-SETTING
LOCOMOTIVE STEAM GAUGES.
Two styles of these gauges areillustrated by Figs.
14 and 15. The former (the standard) known
as the double spring Bourdon type and Fig. 15

shows the double
spring Lane type.

Each style of gauge
is fitted with their non-
corrosive movement
and corrugated spring
tubes.

Itisa wellknownfact
that in all branches
of mechanical engi-
neering where light-

ness, r 1 gl idit y an d Star Double- Sprmg Gauge—Bourdon Style.
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strength are required, corrugation is adopted where
practicable, in order to
give the necessary stiff-
ness without _increasing
the weight. Hence it is
claimed that the corru-
gated spring tube is su-
perior to the plain forms.
These gauges are fitted
with hair springs to take
up all lost motion, after
the' approved practice
of all accurate pressure
gauges.

Fie. 15.
Star Double-Spring Gauge—Lane Style.

THE ASHCROFT GAUGES.

These gauges have non-corrosive movements and
are constructed of Bourdon springs of seamless drawn
tubing.

Fig. 16 'shows the interior
mechanism of the single Bour-
don spring steam-gauge, and
Fig. 17 the same of the double
Bourdon spring gauge with the
addition of
the LLane im-
Asheroft g;:él}aehourdon- Provement

Spring Steam Gauge. 1n attach—
ment of springs to movement as
referred to hereinbefore.

In order to provide a gauge
that should be accurate, durable .
and exempt from the annoyance Asheroft Double Bourdon-

Spring Steam Gauge, with
of permanent set of the Bourdon = Lane’s Improvement.
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springs, these manufacturers provide a locomotive
steam gauge havmg an auxiliary spring, as shown
in Fig. 18. The auxiliary spring
feature consists of an independ-
ent co-operating spiral spring
(A) applied to the free end of the
single Bourdon tube, which dis-
penses with the necessity of a
second tube, and reduces the
= number of joints subjected to
Ashoroft Ansilory Spring Wear and friction between the
Locomotive Steam Gauge. - tybe and the segment of the
recording movement to two. The Bourdon tube, it
should be noticed, is short enough to drain itself and
thus prevent damage by freezing.
Figs. 19 and 20 illustrate the Ashcroft double spring
standard locomotive gauge, the 1ntcrnal arrangement
being cledrly shown.

198 Fia. 20,
Ashcroft Double-Spring Standard Locomotive Gauge.

THE UTICA GAUGE.

In construction, this gauge differs from those
previously described chiefly in its spring, which is, of
course, the essential part of any gauge, as all move-
ments of good gauges are constructed with great care.

The“capsular”spring is thestyle of spring employed
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and is made in two sizes for large and small gauges,
as shown in Figs. 21 and 22. It consists of a spring

Fie. 21. Fie. 22.
Utica Capsular Spring. Utica Capsular Spring.

box, capsular in form, with the circumferences of the
two heads (A A) flanged and locked together (in the
larger form) in an elastic band (3) at a point above
and below the spring heads themselves. This fasten-
ing thus acts as a hinge joint. It should be noticed
that this Utica spring has two heads, while the old
style diaphragm spring, as described in the intro-
ductory remarks on gauges, has but one. Thus, the
former gives double the motion for the same move-
ment of the spring. Inasmuch as the manufacturers
agree to replace any
steam gauge which
shows a cracked
spring-head, it need
scarcely be said that
great care is taken in
the selection of metal
and in the making of
these springs.

Fig. 23 shows a
Utica locomotive
steamgaugepartially
sectioned in order to
illustrate its internal Utica Locomotive Steam Gauge.
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mechanism. A bell crank bears against the top of
the upper spring head. The pressure within the
spring causes the heads to bulge and bear against this
crank, which is jeined by means of light lever con-
nections with the pointer, thus indicating the pres-
sure.

THE DUPLEX AIR BRAKE GAUGE.

The Air Brake Gauge is an essential part of the
automatic brake system. It records two pressures,
namely, that in the main reservoir and that in the
train line. It will be noted that the hands indicating
these pressures are of different colors, that for the
reservoir pressure being red and that for the train line
pressure black. The difference between these two
pressures is the excess pressure in the reservoir over
that in the train line, and it is important that this
excess should always beat least twenty or twenty-five
pounds. The location of the air gauge on the loco-
motive is shown in the plate “The American bteam
Locomotive,” part numbered 207.*

The duplux air brake gauge is usually so designed
and constructed that each spring, while acting
entirely independent, registers its movement through
its own index hand upon the same circle of figures.
These air brake gauges are subject. to such wide and
rapid variations that their construction must be of the
very best.

* The Air Gauge is deseribed and illustrated in “The Seience of
Railways,” in connection with the exposition therein of the Air

Brake, and the reader is referred to the general index of that work
for refercnce to further information on the subject.
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The standard “Westinghouse” type of duplex air
. gauge, as manufactured by the Ashcroft Manufactur-
ing Company, is shown in Figs. 24 and 25. From the

Sectional View.
‘Westinghouse Duplex Air Gauge.

latter figure it will be seen that each pointer or gauge
hand is acted upon independently of the other pointer
by double Bourdon tube springs.

A later style of duplex air gauge, called the “Sema-

Fia. 27.
Sectional View.
Semaphore Duplex Air Gauge.

phore” gauge, is shown in Figs. 26 and 27. The
points of difference in this gauge are the use of single
Bourdon springs with auxiliary springs (as described
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more fully under Steam Gauges) and the black dial
with white figures so arranged that their positions for
the three pressures, fifty, seventy and ninety pounds
per square inch (the most important pressures to the
engineer for operating the air bralke) enable him to
instantly and accurately observe the variations of
pressures in his air brake system; for the two extreme
pressures of fifty and ninety always stand at right
angles with the seventy pounds pressure point which
is at the top of the dial. On this dial a much wider
space is allowed for each five pounds pressure, so as
to insure closer and more accurate reductions in train
braking. The glass over the dial is an oval crystal
like a watch, and while the case does not extend in
front of the glass as usual to afford protection from
breakage, yet this arrangement enables the engineer
to read the gauge when it stands at a considerable
angle to him.

Crosby Duplex Air Gauge.

The interior mechanism of the Crosby duplex air
gauge is clearly shown in Figs. 28 and 29. These
cuts show the double attachments of this gauge so
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located that in Fig. 28 the two pressures are connected
to the gauge nipples, one before the other, in a line
with the center of the gauge, while in Fig. 29 these
connections are one at each side of the center of the
gauge. The words “train line” or “reservoir” are
stamped on the gauge nipples so that they can be
distinguished in connecting pipes to the gauges. .

The dial of this gauge is the same as that shown in
Fig. 24.

The Star duplex air gauge differs from the gauges
last described mainly in the use of corrugated
Bourdon springs, as shown in Fig. 13-A.

A very useful gauge for assistance to Air Brake
Inspectors or others testing the air pressure
carried by a locomo-
tive, is shown in Fig.
30.

By means of the
adjustable thumb
screw at the bottom
this gauge may be
applied to either the
train line or air signal
hose on the rear of an
engine or train.

The exception
above noted to the
usual form of dial X
where both hands e o
indicate their pres- Star Air Brake Inspectors’ Gauge.
sures from the same
figures is the Utica form of duplex air gauge, as
shown in Figs. 31 and 32.
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Fic. 31.
" Utica Duplex Air Gauge.

It is virtually two gauges in one; as but half of the
dial is used for train-line pressure and the other half
for main reservoir pressure.



LOCOMOTIVE APPLIANCES. 109

Fia. 32.

Utica Duplex Air Gauge.

The interior of this gauge may be seen from Fig. 32
to consist of two “capsular” springs, each actuating
its own pointer.
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PRESSURE RECORDING GAUGES.

In order to have a graphic record showing every
variation of pressure and the time of day or night,
the pressure recording gauge is sometimes applied
to a locomotive. While it is usually used to record
the steam pressure, the more recent introduction of
the recorder for the air brake train-line pressure is
liable to institute a greater use for this latter
purpose.
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Fie. 33. Fie. 84,
Pressure Recording Gauge: Star Pressure Recording Gauge.

Both the Crosby and the Star pressure recording
gauges are similar in appearance, hence Fig. 33 will
indicate the external appearance of either one. Fig.
34 shows a Star recording gauge that has an ordinary
gauge dial and pointer outside of the recording disc.
In all these gauges, by the aid of suitable mechanism,
not shown, the pressure which is to be recorded is
brought to bear upon the lever (seen on the left hand
side of the cut) in such a way as to move it away from
or toward the center, according as the pressure is
increased or reduced in the boiler or train brake pipe.

At the end of this lever is carried a pen charged with
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red ink, and the point of this pen rests lightly upon the
paper chart which has curved radial lines coinciding
with the pressure movements of the point of the pen,
were the paper chart itself held stationary. The cir-
cular lines on the chart serve as graduations to mark
the degree of pressure, and are numbered by four
columns of figures. The paper charts shown in
Figs. 33 and 34 are designed to be rotated once
every twenty-four hours by a clock movement of
great accuracy.

Thus it will be seen that with the chart steadily
rotating any variation of pressure will cause the pen
to move across the line of movement of the chart,
producing a more or less zig-zag red line, and thus
recording accurately the pressure at the exact time of
day or night that it occurred.

The chart must be set right according to the time of
day before the thumb screw in the center is tightened.
The reading of the two charts here shown in Figs. 33
and 34 is the same and would be 110 pounds pressure
at 6:30 o’clock A. M.

The Crosby Air Brake Recording Gauge is of the
same construction and has the same appearance as
that used for steam, as shown in Fig. 33, except that it
is graduated for five pounds to each circular line and
the highest pressure shown is ninety pounds.

It is well known that in the use and operation of air
brakes there exist certain negative conditions, which,
as a whole, tend to reduce their efficiency, and are
thereby opposed to safety and economy. Very great
importance, we believe, is attached to carrying a
standard pressure—no more nor less-—at all times;
that the brakes are in perfect working order; and,
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above all, that proper discretion is exercised in their
manipulation, otherwise the power of the brakes is
either over or under developed. The former is con-
ducive to delay, waste of fuel, overheating and crack-
ing of wheels and wheel flattening; the latter to loss of
control, from which arises the gravest and most
serious of possibilities-—that of accident. That it is
important and desirable that these conditions should
be ovcrcome, every one, we think, will admit; but that
it may be done, it is first necessary to know where and
how they exist. This information may be obtained
by using an air brake recording gauge, an instrument
designed for continuously recording the pressure of
air used in the operation of air brakes.

In using these recording gauges for indicating
sfeam pressure the same care, as heretofore explained,
should be exercised to prevent live steam from enter-
ing and heating the gauge. '

GAUGE HAND OR “POINTER” PULLERS.

Three styles of hand or pointer pullers are shown
in Figs. 35, 36 and 37, either one of which is a very

Fia, 35. Fia. 36. Fic. 37.

Gauge Hand or ‘‘Pointer” Gauge Hand or “‘Pointer” Pullers.
Pullers.

handy tool for use in removing gauge hands with
the least liability of damage to either the gauge,
movement, or the hands themselves.
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TESTING GAUGES.

Engineers and firemen depend almost entirely
upon the steam and air gauges to know the
pressure under which the locomotive in their
charge is working, and yet they are fully aware
that these gauges do many times get out of order.
Knowing full well that the locomotive is not pulling
what it should, they report the gauge out of order.
When the engine arrives at the
terminus, the practice too fre-
quently is toremove the gauge
from the engine, takeit to the
shops and have it tested, that is,
tried in comparison
with ‘an accurate
gauge, known to be
correct, which gauge
is called a test gauge.

Three of such test-
ing devices are shown
in Figs. 38, 39, 40 and 41, which
are known as the Crosby, Ash-

Fic. 38. croft, and Star, respectively, and

Crosby Test Gauge. - i]]l he described hereafter.

There is no question but that this test wjll determine
if the gauge itself is defective at the time and under the
existing temperature of the testing room, but it does
not by any means follow that this same gauge will
correctly indicate the pressure when placed in the cab
of a locomotive. At the beginning of this chapter the
instructions regarding proper piping, insulation and
location of gauges were called to the attention of the

8
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reader, but these precautions are not always observed
even by designers and builders who make the finest
locomotives and equip them.with the most modern
devices.

It is possible, owing to the location of a gauge, to
have it in error from one to twenty pounds (and even
more, in extreme cases) and yet have the gauge

Fia. 39.
. Ashcroft Test Gauge.

show correct every time it is removed and tested. All
gauges are adjusted cold and the fine mechanism
therein will correctly indicate pressures when all
parts are at this moderate temperature. Almost all
metals weaken as their temperature becomes higher.
Hence the springs in the gauges will have a greater
deflection than normal when heated above a moderate
temperature, and will thus indicate a greater pressure
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than that actually existing in the boiler or other
receptacle to which they are attached.

For the reasons hereinbefore given, it is strongly
advocated by those with extended experience in such
matters that it is much better to allow the gauge to be
tested to remain upon the locomotive, in its usual loca-
tion. If thesteam gauge isto beverified, attach an ac-
curate test gauge with a large siphon pipe (as shown
in Fig. 7) to some convenient connection at the steam
dome and compare the readings of this test gauge
with that of the gauge in the locomotive cab, manip-

Fie. 40.
Star Test Gauge.

ulating the fire and injectors sufficiently to cause the
pressure to pass through the ordinary variations that
exist in service. Incidentally, there is considerable of
an advantage aside from the time it saves and the
accuracy thereby secured in not removing the gauge,
in that no couplings or connections are disturbed, and
hence no leaks produced; for leaks anywhere above
the gauge siphon are very injurious to a steam
gauge. ' i

To test the air gauge, couple an ordinary gauge
- which is known to be accurate, or the gauge shown
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in Fig. 30, to the train brake hose at the rear of the
tender, or some convenient but cool place in the cab;
cause the pressure to vary through its usual range,
and compare the attached gauge with the one located
on the boiler head.

Steam gauges on a locomotive sometimes show less
. pressure than that actually in the boiler, on account
of their being attached to the steam turret or fountain
instead of deriving their pressure directly from the
boiler itself.  This difference can readily be detected
by noting a sudden drop or rise in the pressure indi-
cated by the gauge when the injectors, air pump,
steam-heat, electric headlight, etc., which take steam
from the fountain, are suddenly opened or closed, as
the case may be.

The Description of Gauge-Testing Devices here illus-
trated is as follows:

The Crosby Gauge Tester, shown in Fig. 38, con-
sists of a stand from which rises a cylinder having
accurately fitted into it a piston with an area of
exactly one-fifth of a square inch. This piston
moves freely up and down, and has attached to the
top of the piston rod a disc for supporting the weights.
Each weight is marked with the number of pounds
per square inch it will exert on the gauge. From the
bottom of the cylinder two tubes project; one forms a
stand for holding the gauge to be tested, the other
rises at an inclined angle and forms the oil reservoir
having within it a screw plunger for forcing the oil
inward or outward. Screw down on the plunger until
the weights are lifted, and then note the reading of the
gauge as compared with the weights, counting the
weight of piston, piston rod and tray equal to five
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pounds. The piston should be carefully cleaned of
all oil and gum after each test.

The Asheroft Gauge Tester is shown in Fig. 39, and
its operation is very similar to that last described,
except that instead of known weights being used a

Fie. 41.
Utica Gauge Tester.

test gauge is attached to the nipple to left of the ver-
tical screw plunger, while the gauge to be tested is
attached to the nipple on the right. By screwing
down the screw-feed the pressure is gradually
increased up to the desired limits of the reading of the
gauge to be tested.
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The Star Gauge Tester, as illustrated in Fig. 40, is
used precisely the same as that shown in Fig. 39, but
in the cut the test gauge is not shown and the screw
plunger is placed horizontally. An accurate test
gauge is attached to one of the nipples (&£ ££) and the
gauge to be tested to the other nipple. Screwing in
on the plunger wheel (D) increases the pressure of oil
to any amount desired. ;

The Utica Gauge Tester is clearly illustrated by
Figs. 41 and 42. The latter engraving shows the
square-inch test
valve, which con-
. Sists of a brass
@ disc provided with
a pipe (A) to be
81 connccted with a
1 plunger (D), as in

Il Fig. 41. At Bisa
hardened steel valve
and seat, the latter
having knife edges
for the valve (B) to
rest upon, and being
|| made exactly one
| square inch in area.
The pipe (A) opens
directly under the
il valve, as shown by
4§ thedottedlines. Fig.
41 is intended to
show the use of this
square inch valve in

Fia. 42. 2 v
The Utica Gauge Tester. _ connection with an
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ordinary screw plunger (D) and a test gauge at FE.
The gauge to be tested is attached at F'. The
pieces of iron attached to the bottom of the yoke,
together with the valve and yoke itself, have been
previously weighted, so that the valve must lift
and the water escape by the overflow pipe (G), the
moment such known weight is exceeded by the water
pressure. The gauge to he tested should then indi-
cate a pressure per square inch equal to the combined
weights of the valve, yoke, and weight attached.



LOCOMOTIVE POP SAFETY VALVES.

While there are a great many styles of pop safety
valves used on locomotives, only the types especially
designed for this use are here described.

The cause of boiler explosions is excessive pressure,
and the fact that such disasters are of not infrequent
occurrence, whether arising from neglect or otherwise,
points forcibly to the necessity of providing against
them in every possible way. There are safeguards
against the danger of explosion which manufacturers
and owners have in their power to use that may be
relied upon to largely diminish the danger. The first
is in the use of a perfect automatic pop safety valve,
absolutely certain in its action, prompt in opening and
closing, and fully sufficient in capacity to relieve the
boiler from any excessive pressure beyond the amount
intended to be carried as a safe limit. For its location
see plate “The American Steam Locomotive,” part
numbered 201.*

While steam gauges may become deranged from
improper care or a wrong method of connection to the
boiler, the pop safety valve is generally very reliable
and its adjustment should never be changed without
the proper authority from someone who absolutely
knows, from the application of a test gauge, that the
valve requires change of adjustment.

* The Safety Valve is described, and another illustration thereof
given, in “ The Science of Railways,” and the reader is referred to
the “ Description of the Locomotive” given in that work for further

particulars in relation thereto.
(120)
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THE COALE POP SAFETY VALVE AND MUFFLER.

This is a distinct design of safety valve and is
largely used. Its form of construction makes it
responsive to and restrictive of steam under variable
pressures. Though possessed of large discharging
power it gn es adequate warning before blowing hard,
thus enabling the fireman o
control his fire or regulate the
supply of feed water before
strong “popping” occurs. Used
®n high pressure boilers, it opens
) and closes gradually, thus pre-
venting excessive strains upon
the boiler.

By means of the spring bolt
and adjustable ring both the
points of opening and closing
may be changed without remov-
ing the valve or reducing the
s DT steam in the boiler. The con-

and Muffler. struction of the muffler reduces
the noise of the escaping steam to a minimum. This
feature frequently prevents the frightening of horses
and also the annoying interruptions to telegraph
orders at stations, should the locomotive be blowing
off.

The valve is guarded above and below the seat; at
the latter point by a central sectional hub.

The guide wings arc removed as far as possible, to
allow for contraction and expansion, and also to pre-
vent grooving of the valve seats by steam passing by
the guide wings.
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The central sectional guide bearing for the valve
stem consists in dividing the ring bearing into arc
sections between the arms, in order to overcome the
effect of uneven expansion and contraction of metals.
By this method the guide bearing insures vertical
reciprocation of the valve.

To Adjust the Valve—If a change of pressure be
desired, unscrew the cap (A) and screw down or up
the adjusting screw (I7), according to whether more
or less pressure is desired. To regulate the opening
and closing action of the valve, unscrew the bolt (B),
and by means of any pointed instrument the adjust-
able screw ring (C') may be readily moved either to the
right or left. Should the valve close with too much
drop of boiler pressure, move the screw-ring (C) to the
left, a notch or two at a time, until sufficient change
has been accomplished. To increase the pop, move
ring (C) to the right. After the valve is adjusted to
suit the requirements, replace bolt (B) and cap (A).

To examine the inside of the valve, unscrew the
cap (A) and spring-bolt (I7), so as to relieve the
spring’s tension, remove the set screws, and the
dome () and case (G') may then be unscrewed and
the internal parts of the valve are exposed.

STAR LOCOMOTIVE POP SAFETY VALVES.

An efficient form of “open” or plain locomotive pop
safety valve is shown in Figs. 2 and 3. As will be
seen from the latter (the sectional view) the spring is
encased in a chamber, thereby being protected from
the escaping steam. The spring discs or seats, both
top and bottom, are pivoted, in order to overcome all

-
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liability of an imperfect bearing of the spring upon
its valve. ‘

F1e. 2. Fie. 3.
Exterior View. X Sectional View.

The Star Improved Open or Plain Locomotive Pop Safety Valve.

Figs. 4 and 5 illustrate the muffled Star pop safety
valve, which is seen to be similar in construction,
with the addition of the top hood, or “muffler,” which
tends to greatly reduce the noise of the escaping
steam, and hence is of considerable advantage. Both
the plain and the muffled valves have large relief
powers, and are made to withstand the highest pres-
sures used on locomotives. The slotted domes and
mufflers have their real aim in preventing dirt and
cinders from entering the interior of the valve and
clogging its free action. All liability of back pressure
on top of valve, which causes continual chattering, is
removed.

By removing the small set screw, shown at the right
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of both types of valves shown, and turning the ring
within to the right or left with a pointed instrument,

R

Fie. 4. Fia. 5.
Exterior View. Sectional View.

The Star Improved Locomotive Muffled Pop Safety Valve.

the discharge when the valve “pops” will be greater or
less correspondingly.

MEADY MUFFLED LOCOMOTIVE POP SAFETY
VALVE.

The cut, Fig. 6, represents the Meady muflled loco-
motive pop safety valve, showing its internal con-
struction. It will be observed that the valve proper
projects upward through the perforated casing of
the valve, enclosing within it the spring which holds
it to its seat; and the upper or outward side of the
valve is open to the air at all times, so that when
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the valve is dlscharglng it is free from any pressure
of the out- going steam, which escapes through the
perforatcd casing into the open ;
air without a disturbing noise.

By this design there is no back
pressure on the valve, and its
component parts so co-operate
that the valve rises when it opens
to a greater height than is usual
in valves of this character.

For tension of the spring and
the adjustment of the parts,
means are conveniently ar-
ranged and provided. A lever
is furnished when desired. In
size and utility it is believed to
afford all the advantages which
are demanded, and to meet all
the requirements of an exacting
railroad service.

Directions.—It - should never RSN *
. . ocomotive
be meddled with unless it be-  Pop Safety Valve.

comes necessary to reset it. In such case, first
loosen or remove the acorn check nut (X) above the
spring bolt (); then holding with a wrench the hex-
agonal top (B3) of the valve, with another wrench turn
the nut (/) downward to increase, and upward to
reduce the pressure, until the valve opens at the
desired point as indicated by the steam gauge. To
modify the loss of pressure in blowing, slightly with-
draw the screw bolt (17) in the base of the valve until
it ceases to engage with the ring (L) encircling the
valve seat (C), then with any pointed instrument
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inserted into the small opening (/V) near the screw
bolt, turn the ring () downward for diminishing, and
upward for increasing the loss.

CROSBY LOCOMOTIVE POP VALVES.

Fig. 7 shows in section a Crosby plain pop
safety valve. The valve proper (B ) rests upon
two flat annular seats (V' V) and (W W) on the same
plane, and is held down against the pressure of steam
by the steel spiral spring (b) The tension of this
springisincreased by screwing down the threaded bolt
(L) at the top of the cylinder (J )- The area contained
between the seats (W)and (V) is what the steam pres-
sure acts upon ordinarily to overcome the resistance
of the spring. The area contained within the smaller
seat (W W) is not acted upon until the valve opens:

The larger seat (V' V) is formed
on the upper edge of the shellorbody
(A) of the valve. The smaller seat
(W W) is formed on the upper
edge of a cylindrical chamber or
well (C C), which is situated in the
center of the shell or body of the
valve, and is held in its place by
arms (D D), radiating horizon-
tally, and connecting it with the
body or shell of the valve. These
arms have passages (£ £) for the
escape of the steam or other fluid
from the well into the air when the

F1o. 7. ; Sl :
Sectionsl View  Valve is open. This well is deep-
Crosby Locomotive Pop

afety Valve. ened so as to allow the wings
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(X X) of the valve proper to project down into it far
enough to act as guides, and the flange (@) is for the
purpose of modifying the size of the passages (£ E)
and for turning upward the steam issuing therefrom.

Action of the valve when working under steam is as
follows: When the pressure under the valve is within
about one pound of the maximum pressure required,
the valve opens slightly, and the steam escapes
through the outer seat into the cylinder and thence
into the air; the steam also enters through the inner
seat into the well, and thence through the passages
in the arms to the air. When the pressure in the
boiler attains the maximum point, the valve rises
higher and steam is admitted into the well faster than
it can escape through the passages in the arms, and
its pressure rapidly accumulates under the inner seat;
this pressure, thus acting upon an additional area,
overcomes the increasing resistance of the spring and
forces the valve wide open, thereby quickly relieving
the boiler. When the