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INTRODUCTION

The young man who starts on his business career by
looking for an easy job is not likely to ever have, or at
least to hold, any position of great responsibility for
a very long period of time. To many unthinking per-
sons the job of a locomotive engineer appears to be a
soft snap. They do not realize the tremendous re-
sponsibility resting upon “he shoulders ot tnis man,
who, by years of hard work and study combined, has
finally succeeded in gaining the knowledge and experi-
ence required to enable him to guide his powerful
machine safely over its route. It is universally con-
ceded that there is no one machine that has done more
towards the civilization and advancement of mankind
generally, than has the locomotive, and it is a worthy
ambition of any young man to aspire to be a locomo-
tive engineer. But if he desires to make a success of
it he should remember that there is work to do—lots
of it—brain work as well as hand work. In the follow-
ing pages the author has adopted a style somewhat
different from the majority of books intended for the
use of locomotive engineers and firemen.

The primary or elementary features pertammg to
the operation of locomotives will be first taken up, and
the discussion will gradually progress through all the
various stages in the making of a first-class engineer.
A large number of books for engine men are gotten up
in the form of a catechism, the answers immediately
following the questions. The author believes that the
catechetical form is not so helpful as that of having a
list of questions, but no answers, arranged at the close
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of each chapter. The student is thus constrained to
search for the answers, which will always be found in
the preceding chapter, and he will thus have the mat-
ter more firmly fixed in his mind than he would if he
has the answers ready made for him.

And now with the earnest and sincere hope that the
book may prove to be of great benefit to all into whose
hands it may come, the author respectfully dedicates it
to the locomotive engineers and firemen of America

C.F. S
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CHAPTER 1

FIREMAN’S DUTIES

One of the most important duties of a fireman is to
form the habit of being ‘‘on time,” if possible. He
should be on his engine at least thirty minutes before
the engine leaves the house. He will then have time
to get everything in good shape.

First see that the water supply is right, then the
coal wet down, cab swept out and windows cleaned,
oil cans all filled and in their places, and lamps
cleaned and filled with oil. He should also be sure
that all needed supplies, such as flags, lanterns, torpe-
does, waste, etc., are on hand, and of the right kind.

Another important point, and one in which he is
particularly interested, is that the engine is supplied
with the proper fire tools—clinker bar, ash pan hoe,
slice bar, and such other tools as are needed for the
proper manipulation of a fire.

It is the duty of the roundhouse men to see that the
sand-box is filled with clean, dry sand, but it is well
enough for the fireman to have an eye to that also.

For the beginner, especially, there are a great many
details to be learned, and he should get in touch with
the engineer as soon as possible and keep in touch
with him. In fact, the engineer and fireman should
always work together, and strive to be of mutual help
to each other in every possible way.

After getting the engine out of the roundhouse and
before starting to take her around to the train, he
should note carefully that all the switches that he will

pass are properly lined up and that the track is clear.
12



FIREMAN’S DUTIES 13

The engine bell should always be rung before start-
ing, and be kept ringing while the engine is moving
through the yards. Before starting from a terminal
station the fireman should carefully prepare his fire—
see that it is burning brightly and that it is heavy
enough to prevent the exhaust from pulling it out of
the fire-box when starting out. The depth of fire that
should be carried on the grate bars depends upon the
kind of fuel to be used. If soft coal is the fuel, a fire
ten to twelve inches deep should be carried. If hard
coal is used, the fire should not be so deep.

Before ‘leaving a terminal the fireman should care-
fully read the train orders and be certain that he under-
stands them thoroughly. Out on the road he should
use his eyes in watching the steam gauge and water
glass, also try to familiarize himself with the grades
and hills. Some engines steam better with the fire a
little deeper along the sides and in the corners of the
fire-box, allowing the center of the fire to be more
shallow. If there is a brick arch or a water table in
the fire-box, care should be taken that plenty of space
be maintained between it and the fire. At the begin-
ning of the run the fire is clean, and may be kept a
little deeper without danger of clogging.

While the engineer is pulling out of a station and
working her up to speed, the fireman should watch his
fire closely an1 keep adding a good supply of coal, as
there is danger of the fire being broken by the sharp,
heavy exhaust. After a good rate of speed has been
attained and the engineer has hooked his reverse lever
back, the coal should be added to the fire often and in
small quantities at a time, two scoopfuls at each fire
being sufficient, always waiting until the black smoke
emitted from the stack disappears or at least changes
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to a light gray color. before throwing in a fresh fire,
and then placing the coal in the brightest spots. 1If
the train is light, one shovelful at a fire is enough.
No set of rules for firing can be laid down that will
apply to all conditions. The best rule, especially for
a man new in the service, is to always be ready to
receive suggestions from the engineer, who has passed
through all the various phases of a fireman’s appren-
ticeship and knows, or at least ought to know, his
engine thoroughly and how to get the best service out
of her. Therefore the fireman should always work
under the instructions of the engineer; in fact, never
do anything while on duty without first knowing that
it would meet with his approval.

Care should be exercised in the regulation of the
ash pan dampers for admitting air under the grates.
The fireman should study ciosely the requirements of
his fire in this respect. If too small a volume of air
is admitted the fire will not burn as lively as it should,
and if too much air enters the fire-box the gases will
be chilled. Keep the ash pan clean and the grates
will last longer.

As the exhaust is the llfe breath of the locomotive,
it might be well at this point to explain why it creates
such a tremendous draft. The reason is, because of the
volume and velocity of the steam as it issues from the
exhaust nozzles. The air and gases in the stack are
carried out or forced out of the stack by the exhaust,
and this creates a partial vacuum in the smoke arch,
‘into which. the air and gases pass from the fire-box
through the flues. Fresh air is also being forced into
the fire-box through the grates and other apertures by
the aitmospheric pressure. The blower operates upon
¥ same principle, although on a much smaller scale.
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It may be used to urge the fire when the engine is not
working steam. The blower should also be used while
cleaning the fire; it will clear the dust and ashes from
the flues. If the engine is pulling a passenger train
and the engineer is about to make a stop at a station,
the fireman should, as soon as the throttle is closed,
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Figure 1

put on the blower lightly and open the fire door one-
half inch, just sufficient to allow a small volume of air
to enter the fire-box above the fire. This will prevent
the engine from throwing out a great volume of dense
black smoke while making the stop.

As the grate bars are a part of the engine with which
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the fireman is particularly interested, a brief descrip-
tion of the various types will be here given. The old-
fashioned grate bars for burning wood are too familiar
to need describing, being simply plain cast iron sta-
tionary bars with narrow slots between them. For
soft coal various styles of rocking grates are used.
Figs. 1 and 2 show plan and sectional views of rocking
grates. The method of shaking is also illustrated in

Fig. 2, together with the dump grate at the front to be

FIGURE 2

used when cleaning the fire. For burning hard coal a
larger grate area is required than with soft coal, for
the reason that a hard coal fire must be kept more
shallow than a soft coal fire. The grate for hard coal
is long, and instead of being made of cast iron it con-
sists of horizontal wrought iron water tubes in connec-
tion with the water space, thus permitting a free
circulation of water through them. This plan not
only prevents the grates from burning out, but it also
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serves to utilize a portlon of heat that would otherwise
be wasted.

Fig. 3 shows a plan and Flg. 4 an elevation of a set
of water grates. Provision is made for drawing or
cleaning the fire, by making every fourth or fifth tube
solid and allowing it to project clear through both
walls of the back end of the fire-box through thimbles
inserted for that purpose. These so.id tubes have rings
on their back ends by which they may be withdrawn,
and the front end rests upon a bearing bar.

FiGUre 3

The tubes of a water grate are made water-tight by
being caulked into the inside sheet at the front and
back ends of the fire-box.

About twenty square feet of grate surface is needed
to burn one ton of soft coal per hour.

As the steam gauge is an instrument that is particu-
larly interesting to the fireman, it is fitting that a short
description of it be inserted here. There are different
types of steam gauges in use, but the one most com-
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monly used, and which no doubt is the most reliable, is
known as the Bourdon spring gauge. This gauge con-
sists of a thin, curved, flattened metallic tube, closed
at both ends and connected to the steam space of the
boiler by a small pipe, bent at some portion of its
length into a curve or circle that becomes filled with
water of condensation, and thus prevents the hot live
steam from coming directly in contact with the spring,
while at the same time the full pressure of steam in
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FIGURE 4

the boiler acts upon the spring, tending to straighten
it. The end or ends of the spring being free to move,
and connected by suitable geared rack and pinion with
the pointer of the gauge, this hand or pointer is caused
to move across the dial, thus indicating the pressure
of steam per square inch in the boiler. When there is
no pressure in the boiler the hand should point to o.

Steam gauges should be tested frequently by com
paring them with a test gauge that has been tested
against a column of mercury.
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The safety valve, or pop valve as it is more familiarly
known, is anotber very important part of a locomotive
with which the fireman has business. The object
aimed at in equipping a locomotive boiler, or any
other boiler, with a safety valve is that the steam
pressure may be kept within a safe limit. There
should  always be two pop valves on a locomotive
boiler, so that if one becomes corroded and stlcks to
its seat the other one will act, thus insuring safety.

The principle of a pop valve's action is this: Itis
held to its seat by a coil spring that has previously
been adjusted to the required amount of resistance.
When the pressure under the valve exceeds the resist-
ance of the spring, the valve will rise from its seat
and allow the steam to escape until the pressure is
lower than the resistance of the spring. The _yalve
will then close at once.

When the fire becomes dull and heavy, caused by
ashes accumulating on the grate bars, the grates should
be shaken up, which is best done while the engine is
working at a moderate speed, or at least when the
blower is on. The ash pan should be kept clean and
free from ashes. This will allow a free draft of air
and prevent the burning out of the grate bars.

The fireman should endeavor while out on the run to
keep as even a temperature as possible in the fire-box,
and this can only be done by firing light and often,
keeping the grates free by shaking and by watching the
water level closely. He should have and keep his
mind constantly upon his work, always striving to do
better to-day than he did yesterday, and his reward is
sure to come.

Upon arriving at the end of the run he should take
in his flags, or blow out his lamps, and see that the
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engine has sufficient fire and water to last until the
hostler gets around.

One of the duties that a fireman owes to himself, as
well as to his employers, is that he utilize his spare
moments in the study of the theory of combustion, the
composition of coal, the nature of heat, and various
other problems connected with the generation of
steam. He will be called upon to undergo an exam-
ination as to his knowledge of these questions at some
stage of his apprenticeship, and the more intelligence
he displays and the more thorough his answers, the
faster will be his promotion. Therefore the author
considers it fitting and proper that a space be given
over at this point for the discussion of these impor-
tant subjects.

Combustion. One of the main factors in the combus-
tion of coal is the proper supply of air. Airis com-
posed of two gases, oxygen and nitrogen, in the
proportion, by volume, of 21 per cent of oxygen and
79 per cent of nitrogen, or by weight, 23 per cent of
oxygen and 77 per cent of nitrogen.

The composition of pure dry air is as follows:

By volume, 20.91 parts O. and 79.09 parts N.

By weight, 23.15 parts O. and 76.85 parts N.

Air is a mixture and not a chemical combination of
these two elements. The principal constituent of coal
and most other fuels, whether solid, liquid or gaseous,
is carbon. Hydrogen is a light combustible gas and,
combined either with carbon or with carbon and
oxygen, in various proportions, is also a valuable con-
stituent of fuels, notably of bituminous coal. The .
heating value of one pound of pure carbon is rated at
14,500 heat units, while one pound of hydrogen gas
contains 62,000 heat units.
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Analysis of coal shows that it contains moisture,
fixed carbon, volatile matter, ash and sulphur in
various proportions according to the quality of the
coal. The following table will show the composition
of the principal bituminous coals in use in this country
for steam purposes. Two samples are selected from
each of the great coal producing states, with the
exception of Illinois, from which four were taken.

TABLE 1

Vola-
State Kind of Coal | Moist"| tile” | Fined| pah | Sub

Pennsylvania |Youghiogheny | 1.03 | 36.49 | 59.05 | 32.61| o0.8x
“ Connellsville 1.26 | 30.10 | 59.61 | 8.23| 0.78
West Virginia |Quinimont 0.76 | 18.65 | 79.26 | 1.11| o0.23
o ire Creek 0.61 | 22.34 | 75.02 | 1.47| 0.56
E. Kentucky |Peach Orchard| 4.60]35.70 | 53.28 | 6.42| 1.08
v Pike County 1.80 | 26.80 | 67.60| 3.80| o0.97
Cahaba

Alabama 1.66 | 33.28 | 63.04 | 2.02| 0.53
“ Pratt Co.’s 1.47 | 32.29 | 59.50| 6.73| 1.22
Ohio Hocking Valley| 6.59 | 35.77|49.64| 8.00| 1.59
* Muskingum * | 3.47(37.88 | 53.30| 5.35| 2.24
[ndigna Blgck 8.50 | 31.00| 57.50| 3.00

2.50 | 44.75 | s1.25| 1.50
W. Kentucky |Nolin River 4.70 1 33.24 | 54.94 | 11.70 | 2.54
. “ Ohio County 3.70 | 30.70 | 45.00 | 3.16| 1.24

Illinois Bif Muddy 6.40 | 30.60 | 54.60| 8.30| I.50
e Wilmington 15.50 | 32.80 | 39.90 | 11.80
« ‘¢ screenings| 14.00 | 26.00 | 34.20 | 23.80
" ) Duquoin 8.90 | 23.50 | 60.60 | 7.00

The process of .combustion consists in the union of
the carbon and hydrogen of the fuel with the oxygen
of the air. Each atom of carbon combines with two
atoms of oxygen, and the energetic vibration set up
by their combination is heat. Bituminous coa) con-
tains a large percentage of volatile matter which is
released and flashes into flame when the coal is thrown
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into the furnace, and unless air is supplied in large
amounts at this stage of the combustion there will be
an excess of smoke and consequent loss of carbon.
On the other hand, there is a loss in admitting too
much air, because the surplus is heated to the tempera-
ture of the furnace without aiding the combustion and
will carry off to the stack just as many heat units as
were required to raise it from the temperature at which
it entered the fire-box to that at which it leaves the
flues. Some kinds of coal need more air for their
combustion than do others, and good judgment and
close observation are needed on the part of the fireman
to properly regulate the supply.

The quantity of air required for the combustion -of
one pound ot coal is, by volume, about 150 cu. ft.; by
weight, about 12 lbs.

The temperature of the fire-box is usually about
2500°, in some cases reaching as high as 3000°. The
temperature of the escaping gases should not be much
above nor below 400° F. for bituminous coal.

In order to attain the highest economy in the burning
of coal in boiler furnaces two factors are indispensable,
viz., a constant high furnace temperature and quick
combustion, and these factors can only be secured by
supplying the fresh ccal constantly just as fast as it is
burned, and also by preventing as much as possible the
admission of cold air at the furnace. The nitrogen in
the atmosphere does not promote .combustion, but it
enters the fire-box along with the oxygen, and the heat
. required to raise its temperature to that of the other
gases is practically wasted, and as has already been
explained, if a surplus of cold air is allowed to pass
into the fire-box the waste of heat becomes stiil
greater.
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Heat. All matter, whether solid, liquid, or gaseous,
consists of molecules or atoms, which are in a state of
continual vibration, and the result of this vibration is
neat. The intensity of the n=at evolved depends upon
the degree of agitation to which the molecules are sub-
ject. Until as late as the beginning of the nineteenth
century two rival theories in regard to the nature of
heat had been advocated by scientists. The older of
these theories was that heat was a material substance,
a subtle elastic fluid termed caloric, and that this fluid
penetrated matter as water penetrates a sponge.
But this theory was shown to be false by the wonder-
ful researches and experiments of Count Rumford at
Munich, Bavaria, in 1798. ‘

By means of the friction between two heavy metallic
bodies placed in a wooden trough filled with water,
one of the pieces of metal being rotated by machinery
driven by horses, Count Rumford succeeded in raising
the temperature of the water in two and one-half
hours from its original temperature of 60° to 212° F.,
the boiling point, thus demonstrating that heat is not
a material substance, but that it is due to vibration or
motion, an internal commotion among the molecules
of matter. This theory, known as the Kinetic theory
of heat, has since been generally accepted, although
it was nearly fifty years after Rumford advocated it in
a paper read before the Royal Society of Great Britain
in 1798, before scientists generally became converted
to this idea of the nature of heat, and the science of
Thermo Dynamics was placed on a firm basis.

During the period from 1840 to 1849 Dr. Joule made
a series of experiments which not only confirmed the
truth of Count Rumford’s theory that heat was not a
material substance but a form of energy which may be
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applied to or taken away from bodies, but Joule’s

experiments also established a method of estimating -
in mechanical units or foot pounds the amount of that

energy. This latter was a most important discovery,

because by means of it the exact relation between heat

and work can be accurately measured.

The first law of thermo dynamics is this: Heat and
mechanical energy or work are mutually convertible.
That is, a certain amount of work will produce a cer-
tain amount of heat, and the heat thus produced is
capable of producing by its disappearance a fixed
amount of mechanical energy if rightly applied. The
mechanical energy in the form of heat which, through
the medium of the steam engine, has revolutionized
the world, was first stored up by the sun’s heat mil-
lions of years ago in the coal, which in turn, by com-
bustion, is made to release it for purposes of mechan-
ical work.

The general principles ot Dr. Joule's device for
measuring the amount of work in heat are illustrated
in Fig. 5. It consisted of a small copper cylinder con-
taining a known quantity of water at a known tempera-
ture. Inside the cylinder and extending through the
top was a vertical shaft to which were fixed paddles
for stirring the water. Stationary vanes were also .
placed inside the cylinder. Motion was imparted to
the shaft through the medium of a cord or small rope
coiled around a drum near the top of the sh4ft and
running over a grooved pulley or sheave. To the free
end of the cord a known weight was attached. This
weight was allowed to fall through a certain distance,
and in falling it turned the shaft with its paddles,
which in turn agitated the water, thus producing a cer-
tain amount of heat. To illustrate, suppose the weight



FIREMAN’S DUTIES 25

to be 77.8 lbs., and that by means of the crank at the
top end of the shaft it has been raised to the zero mark
at the top of the scale. (See Fig. 5.) One pound of
water at 39.1° F. is ooured into the copper cylinder,

FI1GURE 5

which is then closed and the weight released. At the
moment the weight passes the 10 ft. mark on the scale
the thermometer attached to the cylinder will indicate
that the temperature of the water has been raised one
degree. Then multiplying the number of pounds in

‘
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the weight by the distance in feet through which it fell
will give the number of foot pounds of work done.
Thus, 77.8 Ibs. x 10 ft. = 778 foot pounds.

The heat unit or British thermal unit (B. T. U.) is
the quantity of heat required to raise the temperature
of one pound of water one degree, or from 39° to 40°
F., and the amount of mechanical work required to
produce a unit of heat is 778 foot pounds. Therefore
the mechanical equivalent of heat is the energy re-
quired to raise 778 lbs. one foot high, or 77.8 Ibs. 10 ft.
high, or 1 Ib. 778 feet high. Or again, suppose a one-
pound weight falls through a space of 778 ft. or a
weight of 778 lbs. falls one foot, enough mechanical
energy would thus be developed to raise a pound of
water one degree in temperature, provided all
the energy so developed could be utilized in churn-
ing or stirring the water, as in Joule's machine.
Hence the mechanical equivalent of heat is 778 foot
pounds.

Specific Heat. The specific heat of any substance’is
the ratio of the quantity of heat required to raise a
given weight of that substance one degree in tempera-
ture to the quantity of heat required to raise an equal
weight of water one degree in temperature when the
water is at its maximum density, 39.1° F. To illus-
trate, take the specific heat of lead, for instance,
which is .031, while the specific heat of water is I.
That means that it would require 31 times as much
heat to raise one pound of water one degree in tem-
perature as it would to raise the temperature of a
pound of lead one degree.

The following table gives the specific heat of differ-
ent substances in which engineers are most generally
interested.
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TABLE 2

Water at 30.1° . 1.000
Ice at 32° F. ...iveiiiiiiiieneineninninnnnenns .504
Steamat 212° F. ....coiiiieiineinnneniannnnn. .480
Mercury ....ooiiiiiinniiiiiiiiiiiiei e .033
Cast fTON . ... .v.viiiienereenneeeeeneerrnnnnsn .130
Wrought ifron........cociiiieiinennninnnennnns 113
Soft steel.......cvivenniiienenrenacnneionanns 116
Copper ....................................... .095

......................................... .031
Coal .................................... eveees .240
7 R tesaeaes 238
Hydrogen.......coiiiviiiineiiinennieennccnens 3.404
Oxygen......... Geseeiarensaitestacsinsanns .o .318
Nitrogen....... Ctecreiertatecetentitiiiitenans 244

Sensible Heat and Latent Heat. The plainest and
most simple definition of these two terms is that given
by Sir Wm. Thomson. He says: ‘‘Heat given to a
body and warming it is sensible heat. Heat given to
a body and not warming it is latent heat.”” Sensible
heat in a substance is the heat that can be measured in
degrees of a thermometer, while latent heat is the heat
in any substance that is not shown by the thermometer.

To illustrate this more fully, a brief reference to
some experiments made by Professor Black in 1762
will no doubt make the matter plain. It will be
remembered that at that early date comparatively little
was known of the true nature of heat; hence Professor
Black’'s investigations and discoveries along this line
appear all the more wonderful. He procured equal
weights of ice at 32° F. and water at the same tempera-
ture, that is, just at the freezing point, and placing
them in separate glass vessels, suspended the vessels in
a room in whizh the uniform temperature was 47°
He noticed that in one-ha.] hour the water had in-
creased 7° F. in temperature, but that twenty half
hours elapsed before all of the ice was melted. There-
fore he reasoned that twenty times more heat had
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antered the ice than had entered the water, because at
the end of the twenty half hours, when the ice was all
melted, the water in both vessels was of the same tem-
perature. The water, having absorbed 7° of heat during
the first half hour, must have continued to absorb heat
at the same rate during the whole of the twenty half
hours, although the thermometer did not indicate it.
From this he calculated that 7° x 20 = 140° of heat had
become latent or hidden in the water.

In another experiment Professor Black placed a
lump of melting ice, which he estimated to be at a
temperature of 33° F. on the surface, in a vessel con-
taining the same weight of water at 176° F., and he
observed that when the whole of the ice had been
melted the temperature of the water was 33° F., thus
proving that 143° of heat (176°—33°) had been
absorbed in melting the ice and was at that moment
latent in the water. By these two experiments Pro-
fessor Black established the theory of the latent heat
of water, and his estimate was very near the truth,
“because the results obtained since that time by the
greatest experimenters show that the latent heat of
waler is 142 heat units, or B. T. U.

Black’s experiment for ascertaining the latent heat
in steam at atmospheric pressure was made in the fol-
lowing simple manner: He placed a flat, open tin dish
on a hot plate over a fire and into the dish he put a
small quantity of water at 50° F. In four minutes the
water began to boil, and in twenty minutes more it
had all evaporated. In the first four minutes the tem-
perature had increased 212° — 50° = 162°, and the tem-
perature remained at 212° throughout the twenty
minutes that it required to evaporate all the water,
despite the fact that the water had been receiving
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heat during this period at the same rate as during the
first four minutes. He therefore reasoned that in the
twenty minutes the water had absorbed five times as
much heat as it had in the four minutes, or 162° x § =
810°, without any sensible rise in temperature. There-
fore the 810° became latent in the steam. Owing to
the crude nature of the experiment Professor Black’s
estimate of the number of degrees of latent heat in
steam was incorrect, as it has been proven by many
famous experimenters since then that the latent heat
of steam at atmospheric pressure is g65.7 B. T. U.

It will thus be perceived that what is meant by the
term latent heat is that quantity of heat which becomes
hidden or latent when the state of a body is changed
from a solid to a liquid, as in the case of melting ice,
or from a liquid to a gaseous state, as with water
evaporated into steam. But the heat so disappearing
has not been lost; on the contrary it has, while becom-
ing latent, been doing an immense amount of work, as
can easily be ascertained by means of ‘a few simple
figures. It has been seen that a heat unit is the quan-
tity of heat required to raise one pound of water one
degree in temperature and also that the mechanical
equivalent of heat, or, in other words, the mechanical
energy stored in one heat unit, is equal to 778 foot
pounds of work.

A horse power equals 33,000 ft. Ibs. of energy in
one minute of time, and a heat unit = 778 + 33,000 =
.0236, or about gy of a horse power. The work done
by the heat which becomes latent in converting one
pound of ice at 32° F. into water at the same tempera-
ture = 142 heat units x 778 ft. lbs. = 110,476 ft. lbs.,
which divided by 33,000 equals 3.34 horse power.
Again, by the evaporation of one pound of water from
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32° F. into steam at atmospheric pressure, 965.7 units
of heat become latent in the steam and the work done
=065.7 x 778 = 751,314 ft. lbs. = 22.7 horse power. It
will thus be seen what tremendous energy lies stored
in one pound of coal, which contains from 12,000 to
14,500 heat units, provided all the heat could be
utilized in an engine.

Total Heat of Evaporation. In order to raise the
temperature of one pound of water from the freezing
point, 32° F., to the boiling point, 212° F., there must
be added to the temperature of the water 212° — 32°
180°. This represents the sensible heat. Then to
make the water boil at atmospheric pressure, or, in
other words, to evaporate it, there must still be added
g65.7 B. T. U., thus 180+ 965.7 = 1,145.7, or in round
numbers 1,146 heat units. This represents what is
termed the total heat of evaporation at atmospheric
pressure and is the sum of the sensible and latent heat
in steam at that pressure. But if a thermometer were
held in steam evaporating into the open air, as, for
instance, in front of the spout of a tea kettle, it would
indicate but 212° F.

When steam is generated at a higher pressure than
212°, the sensible heat increases and the latent heat
decreases slowly, while at the same time the total heat
of evaporation slowly increases as the pressure in-
creases, but not in the same ratio. As, for instance,
the total heat in steam at atmospheric pressure is 1,146
B. T. U., while the total heat in steam at 100 lbs.
gauge pressure is 1,185 B. T. U., and the sensible tem-
perature of steam at atmospheric pressure is 212°,
while at 100 Ibs. gauge pressure the temperature is 338
and the latent heat is 876 B. T. U. See Table 4.

Water. The elements that enter into the composi-
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tion of pure water are the two gases, hydrogen and
oxygen, in the following proportions:
By volume, hydrogen , 2, oxygen I.
By weight, " i1, ‘889

Perfectly pure water is not attainable, neither is it
desirable nor necessary to the welfare of the human
race, because the presence of certain proportions of air
and ammonia add greatly to its value as an agent for
manufacturing purposes and for generating steam.
The nearest approach to pure water is rain water, but
even this contains 2.5 volumes of air to each 100 vol-
umes of water. Pure distilled water, such for instance
as the return water from steam heating systems, is not
desirable for use alone in a boiler, as it will cause cor-
rosion and pitting of the sheets, but if it is mixed with
other water before going into the boiler its use is
highly beneficial, as it will prevent to a certain degree
the formation of scale and incrustation. Nearly all
water used for the generation of steam in boilers con-
tains more or less scale-forming matter, such as the
carbonates of lime and magnesia, the sulphates of lime
and magnesia, oxide of iron, silica and organic mat-
ter, which latter tends to cause foaming in boilers.

The carbonates of lime and magnesia are the chief
causes of incrustation. The sulphate of lime forms a
hard ~rystalline scale which is extremely difficult to
remove when once formed on the sheets and tubes of
boilers. Of late years the intelligent application of
chemistry to the analyzing of feed waters has been of
great benefit to engineers and steam users, in that it
has enabled them to properly treat the water with
solvents either before it is pumped into the boiler or
by the introduction into the boiler of certain scale pre-
venting compounds made especially for treating the
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particular kind of water used. Where it is necessaty
to treat water in this manner, great care and watchful-
ness should be exercised by the engineer in the selec-
tion and use of a boiler compound.

From 10to 40 grains of mineral matter per galion are
held in solution by the waters of the different rivers,
streams and lakes; well and mine water contain more.

Water contracts and becomes denser in cooling until
it reaches a temperature of 39.1° F., its point of great-
est density. Below this temperature it expands, and
at 32° F. it becomes solid or freezes, and in the act of
freezing it expands considerably, as every engineer
who has had to deal with frozen water pipes can testify.

Water is 815 times heavier than atmospheric air.
The weight of a cubic foot of water at 39.1° is approxi-
mately 62.5 lbs., although authorities differ on this
matter, some of them placing it at 62.379 lbs., and
others at 62.425 lbs. per cubic foot. As its tempera-
ture increases its weight per cubic foot decreases, until
at 212° F. one cubic foot weighs §9.76 Ibs.

The table which follows is compiled from various
sources and gives the weight of a cubic foot of water
at different temperatures.

TABLE 3

- | Weight per Temper- | Weight per || Temper- | Weight per
T:a}):r C\lbf'c Fgot atu':: Cublgc th anl:re Cnblgc Fggt

32° F. | 62.42 lbs. 132° F. | 61.52 1bs. 230° F. | 59.37 lba

42 62.42 142° 61.34 240 59.I0
52° 62.40 152° 61.14 250° 58.85
62° 62.36 162° 60.94 260° 58.52
72° 62.30 172° 60.73 270° 58.21
82° 62.21 182° 60.50 300° 57.26
92° 62.11 162° 60.27 330° 56.24
102° 62.00 202° 60.02 360° 55.16
112° 61.86 212° 59.76 390° 54.03

122° 61.70 220° 59.64 420° 52.86
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The boiling point of water varies according to the
pressure to which it is subject. In the open air at sea
level the boiling point is 212° F. When confined in a
boiler under steam pressure the boiling point of water
depends upon the pressure and temperature of the
steam, as, for instance, at 100 lbs. gauge pressure the
temperature of the steam is 338° F., to which tempera-
ture the water must be raised before its molecules will
separate and be converted into steam. In the absence
of any pressure, as in a perfect vacuum, water boils at
32° F. temperature. In a vacuum of 28 in., corre-
sponding to an absolute pressure of .943 lbs., water
will boil at 100°, and in a vacuum of 26 in., at which
the absolute pressusewts 2 lbs., the boiling point of
water is 127° F.  On "the tops of high mountains in a
rarefied atmosphere water will boil at a much lower
temperature than at sea level; for instance, at an alti-
tude of 15,000 ft. above sea level water boils at 184° F.

Steam. Having discussed to some extent the phys-
ical properties of water, it is now in order to devote
some time to the study of the nature of steam, which
is simply water in its gaseous form, made so by the
application of heat.

As has been stated in another portion of this book,
matter consists of molecules or atoms inconceivably
small in size, yet each having an individuality, and in
the case of solids or liquids, each having a mutual
cohesion or attraction for the other, and all being in
a state of continual vibration more or less violent
according to the temperature of the body.

The law of gravitation, which holds the universe
together, also exerts its wonderful influence on these
atoms and causes them to hold together with more or
less tenacity according to the nature of the substance.
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Thus it is much more difficult to chip off pieces of iron
or granite than it isof wood. But in the case of water
and other liquids the atoms, while they adhere to each
other to a certain extent, still are not so hard to
separate; in fact, they are to some extent repulsive to
each other, and unless confined within certain bounds
the atoms will gradually scatter and spread out, and
finally either be evaporated or sink out of sight in the
earth's surface. Heat applied to any substance tends
to accelerate the vibrations of the molecules, and if
enough heat is applied it will reduce the hardest sub-
stances to a liquid or gaseous state.

The process of the generation of steam from water
is simply an increase of the-najural vibrations of the
molecules of the water, caused by the application of
"heat, until they lose all attraction for each other and
become instead entirely repulsive, and unless confined
will fly off into space. But, being confined, they con-
tinually strike against the sides of the containing ves-
sel, thus causing the pressure which steam or any other
gas exerts when under confinement.

Of course steam, like other gases, when under
pressure is invisible, but the laws governing its action
are well known. These laws, especially those relating
to the expansion of steam, will be more fully discussed
in the chapter on the Indicator. The temperature of
steam in contact with the water from which it is
generated, as for instance in the ordinary steam
boiler, depends upon the pressure under which it is
generated. Thus at atmospheric pressure its tempera-
ture is 212° F. If the vessel is closed and the pressure
-increased the temperature of the steam and also that
of the water rises.

Saturated Steam. When steam is- taken directly
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from the boiler to the engine without being super-
heated, it is termed saturated steam. This does not
necessarily imply that it is wet and mixed with spray
and moisture.

Superheated Steam. When steam is conducted into
or through a vessel or coils of pipe separate from the
boiler in which it was generated and is there heated to
a higher temperature than that due to its pressure, it is
said to be superheated.

Dry Steam. When steam contains no moisture it is
said to be dry. Dry steam may be either saturated or
superheated.

Wet Steam. When steam contains mist or spray
intermingled, it is termed wet steam, although it may
have the same temperature as dry saturated steam of
the same pressure.

During the further consideration of steam in this

" book, saturated steam will be mainly under discussion,
for the reason that this is the normal condition of
steam as used most generally in steam engines.

Total Heat of Steam. The total heat in steam in
cludes the heat required to raise the temperature of
the water from 32° F. to the temperature of the steam
plus the heat required to evaporate the water at that
temperature. This latter heat becomes latent in the
steam, and is therefore called the latent heat of steam.

The work done by the heat acting within the mass of
water and causing the molecules to rise to the surface
is termed by scientists internal work, and the work
done in compressing the steam already formed in the
boiler or in pushing it against the superincumbent
atmosphere, if the vessel be opén, is termed external
work. There are, therefore, in reality three elements
to be taken into consideration in estimating the total
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heat of steam, but as the heat expended in doing
external work is done within the mass itself, it may, for
practical purposes, be included in the general term
latent heat of steam.

Density of Steam. The expression density of steam
means the actual weight in pounds or fractions of a
pound avoirdupois of a given volume of steam, as one
cubic foot. This is a very important point for young
engineers especially to remember, so as not to get the
two terms, pounds pressure and pounds weight, mixed,
as some are prone to do.

Volume of Steam. By this term 1s meant the volume
as expressed by the number of cubic feet in one pound
weight of steam.

Relative Volume of Steam. This expression has
reference to the number of volumes of steam produced
from one volume of water. Thus the steam produced
by the evaporation of one cubic foot of water from 39° -
F. into steam at atmospheric pressure will occupy a
space of 1646 cu. ft., but, as the steam is compressed
and the pressure allowed to rise, the relative volume
of the steam becomes smaller, as, for instance, at 100
Ibs. gauge pressure the steam produced from one cubic
foot of water will occupy but 237.6 cu. ft., and if the same
steam was compressed to 1,000 lbs. absolute org85.3 Ibs.
gauge pressure it would then occupy only 30 cu. ft.

The condition of steam as regards its dryness may be
approximately estimated by observing its appearance
as it issues from a pet cock or other small opening
into the atmosphere. Dry or nearly dry steam con-
taining about 1 per cent of moisture will be transparent
close to the orifice through which it issues, and even
if it is of a grayish white color it may be estimated to
coatain not over 2 per cent of moisture.
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Steam in its relation to the engine should be consid-
red in the character of a vehicle for transferring the
energy, created by the heat, from the boiler to the

engine.

For this reason all steam drums, headers and

pipes should be thoroughly insulated, in order to pre-
vent, as much as possible, the loss of heat or energy
by radiation.

Table 4 gives the physical properties of steam, and-

is convenient for reference.

TABLE 4
PROPERTIES OF SATURATED STEAM

Total Heat °
‘; K above 32° F, g ﬂg ]
° K| . “ = E] -2 a
as | 2L | & = e = 3 @ | 24
25 | 3381 22 |8 |8 o | Bat > o] Sq
B | S8. | B8 8 =1 8 5| Hhe ° L &8
€S | 228 | &b | B 8| #.8 | 781 = 28 | -8
Ba | < | o= | OFL | § 2 ] | ;A
| 2 8 g8|s S|+ ] o4 °s
[ - o = ] O
) = q & g = “ - =
29 74 .089| 32. o. 1091 7| 1091.7 | 208,080 | 3333.3 | .0003
29.67 .I122| 40, 8. 1094.1 | 1086.1 | 154,330 2472.2 | .0004
29.56| .176| so 18, 1097.2 | 1079.2 | 107,630 | 1724.1 | .0006
29.40| .254| 6o. 28,01 | 1100.2 | 1072.2| 76,370 | 1223.4 | .0008
29.19| .359| 70. 38.02 | 1103.3 | 1065.3 | 54,660 875.61| .o0II
28.90 502 | 8o. 48.04 | 1106.3 | 1058.3 | 39,600| 635.80| .0016
28,51 .602| go. 58.06 | 1109.4 | 1051.3 | 2q,290| 469.20| .0021
28.00] .943|100. | 68.08|1112.4|1044.4| 21,830| 349.70| .0028
27.88| 1. 102.I| 70.09| IX13.1]1043.0| 20,623| 334.23| .0030
25.85| 2. 126.3| 94.44|I120.5|1026.0; 10,730 | 173.23| .005%
23.83] 3. 141.6 | 109.9 | 1I25.I | 1015.3 7,325 | I18.00| .0085
21.78| 4. 153.1| 121.4 |1128.6|1007.2| 5,588 89.80] .o111
19.74| 5. 162.3 | 130.7 |I131.4|1000.7| 4,£30| %2.50| .0137
17.70| 6. 170.1 | 138.6 (1133.8| 995.2 3.816( 6r1.10( .0163
15.67) 7. 176.9 | 145.4 | 1135.9| QQO.5 3,302| 53.00| .0189
13.63| 8. 182.9 | 151.5 |1137.7] 086.2| 2,912 46.60| .0214
11.60( 9. 188.3| 156.9 |1130.4| 982.4| 2,607| 4L82{ .0239
9.56 | 10. 193.2 | 161.9 |1140.9| 979.0| 2,361 37.80] .0264
7.52 | I1. 197.8|166.5 |1142.3| 975.8] 2,159| 34.61] .0289
8.49 | 12. 202.0|170.7 |1143.5]| 972.8| 1,090 3I.g0| .031I4
3.45| 13. 205.9|174.7 |1144.7| 970.0| 1,846 29.60| .0338
1.41 | 14. 200.6 | 178.4 | 1145.9| 967.4 1,721 27.50( .0363%
0.00| 14.7 212.0 | 180.9 |1146.6| 963.7 1,646 26.26| .0379
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TABLE 4—Continued

° e, Total Heat o, g 2
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0.3 15 [213.3| 181.9 | II46.9| 965.0 | 1,614 | 25.90 | .0387
1.3 16 |216.3| 185.3 |1147.9| ¢62.7 | 1,519 | 24.33 L0411
2.3 17 |219.4| 188.4 | 1148.9| g60.5 | 13,434 | 23.00 .0435
3.3 18 |222.4| 191.4 | 1149.8| 958.3 | 1,359 | 21.80 | .0450
4.3 19 |225.2| 194.3 | 1150.6 | 056.3 | 1,292 | 20.70 | .0483
5.3 20 |227.9] 197.0 | II51.5| 954.4 | 1,231 | X9.72 | .0507
6.3 21 |230.5| 199.7 |1152.2| 952.6 | 1,176 | 18.84 | .053I
7.3 22 |233.0| 202.2 [1153.0| 950.8 | 1,126 | 18.03 .0555
8.3 23 |235.4| 204.7 | 1153.7| 949.1 | 1,080 | 17.30 | .0578
9.3 24 |237.8] 207.0 | 1154.5| 947.4 | 1,038 | 16.62 | .0602
10.3 25 |240.0| 209.3 | 1155.1| 945.8 998 | 16.00 .0625
11.3 26 |242.2| 211.5 | 1155.8 | 944.3 962 | 15.42 | .0649
12.3 27 |244.3| 213.7 | 1156.4| 942.8 929 | 14.90 | .0672
13.3 28 |246.3| 215.7 | 1157.1| 941.3 898 [ 14.40 | .0696
14.3 29 |248.3| 217.8 | 1157.7( 939.9 869 | 13.91 | .o7IQ
15.3 30 |250.2| 219.7 | 1158.3| 938.9 841 | 13.50 0742
- 16.3 3I |252.1| 221.6 | 1158.8 | 937.2 816 | 13.07 0765
17.3 332 |254.0| 223.5 | 1159.4| 935.9 792 | 12.68 0788
18.3 33 |255.7| 225.3 | 1159.9| 934.6 769 | 12.32 o812
19.3 34 |257.5| 227.1 |1160.5| 933.4 748 | 12.00 .0835
20.3 35 |259.2| 228.8 | 1161.0| 932.2 728 | 11.66 | .0858
21.3 36 |260.8| 230.5 | 1161.5| 931.0 709 | 11.36 | .0880
22.3 37 |262.5| 232.1 | 1162.0| 929.8 601 | 11.07 | .0903
23.3 38 |264.0| 233.8 | 1162.5| 928.7 674 | 10.80 | .0926
24.3 39 |265.6| 235.4 | 1162.9| 927.6 658 | 10.53 | .00949
25.3 40 |267.1| 236.9 [1163.4| 926.5 642 | 10.28 | .0972
26.3 41 |268.6 | 238.5 | 1163.9 | 925.4 627 | 10.05 | .0Q99%
27.3 42 |270.1| 240.0 | 1164.3 | 924.4 613 9.83 .1018
28.3 43 |271.5] 241.4 (1164.7 | 923.3 600 9.61 | .1040
29.3 44 |272.9| 242.9 | 1165.2| g22.3 587 9.41 .1063
30.3 45 |274.3| 244.3 | 1165.6 | 921.3 , 575 9.21 1086
31.3 46 |[275.7| 245.7 | 1166.0| q20.4 563 9.02 1108
32.3 47 |277.0| 247.0 | 1166.4 | 919.4 552 8.84 1131
33.3 48 |(278.3] 248.4 | 1166.8 | 918.5 541 8.67 1153
34.3 49 [279.6 | 249.7 | 1167.2 | 917.5 531 8.50 1176
35.3 50 |280.9| 251.0 | 1167.6 | 916.6 520 8.34 1198
36.3 51 |282.x| 252.2 | 1163.0| 9I5.7 51X 8.19 | .1321
37.3 52 |283.3| 253.5 | 1168.4 | 914.9 502 8.04 | .1243
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TABLE 4— Continued
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284.5| 254.7 | 1168.7 | 914.0 492 7.90 1266

285.7| 256.0 | 1169.1 | 913.1 484 7.76 | .1288

286.91 257.2 | 1169.4 | 912.3 476 7.63 | .I131X

288.1| 258.3 | 1169.8| 911.5 468 7.50 1333

289.1| 259.5 | 1170.1 | 910.6 460 7.38 | .135%

290.3 | 260.7 |1170.5| 909.8 | 453 7.26 | .1377

291.4 | 261.8 | 1170.8] 909.0 446 7.14 . 1400

292.5 | 262.9 {1171.2 | g08.2 439 7.03 1422

293.6 | 264.0 | 1171.5 | 907.5 432 6.92 .1444

294.7 | 265.1 | 1171.8 | 906.7 425 6.82 | .1466

295.7 | 266.2 | 1172.1| QO05.9 419 6.72 | .1488

296.8 | 267.2 | 1172.4 | 9o5.2 413 6.62 1511

297.8 | 268.3 [1172.8| go4.5 407 6.53 1533

298.8( 269.3 | 1173.1| g03.7 | 401 6.43 1555

299.8| 270.4 [1173.4| go3.0 | 395 6.34 | .1577

300.8| 271.4 (1173.7| g02.3 390 6.25 | .1599

301.8 | 272.4 | 1174.0] 901.6 384 6.17 | .1621

302.7| 273.4 |1174.3| 900.9 | 379 6.09 | .1643

303.7| 274.4 | 1174.6 | go0.2 374 6.0r | .1665

304.6 | 275.3 |1174.8| 899.5 | 369 5.93 1687

305.6| 276.3 | 1175.1| 898.9 365 5.85 | .1709

306.5 | 277.2 | 1175.4 | 898.2 360 5.78 L1731

307.4| 278.2 | 1175.7 | 897.5 356 5.71 | .1753

308.3 | 279.1 | 1176.0| 896.9 351 5.63 L1775

309.2 | 280.0 | 1176.2 | 896.2 347 5.57 1797

. 310.1| 280.9 | 1176.5] 895.6 343 5.50 | .1819

64.3 310.9 | 281.8 | 1176.8 | 895.0 339 5.43 | .1840

65.3 311.8 | 282.7 | 1177.0| 804.3 334 5.37 .1862

66.3 312.7| 283.6 | 1177.3| 893.7 331 5.31 .1884

67.3 313.5| 284.5 [1177.6 | 893.1 327 5.25 . 1906

68.3 314.4 | 285.3 | 1177.8 | 892.5 323 5.18 | .1928

69.3 315.2 | 286.2 | 1178.1 | 891.9 320 5.13 | .1g%0

70.3 316.0| 287.0 | 1178.3 | 891.3 316 5.07 1971

71.3 316.8 | 287.9 | 1178.6 | 8go0.7 313 5.02 | .1993

72.3 317.7| 288.7 | 1178.8 | 8go.1 309 4.96 | .2015

73.3 318.5 | 289.5 | 1179.1 | 889.5 306 4.91 | .2036

74.3 319.3| 290.4 | 1179.3 | 888.9 303 4.86 | .2058

75.3 320.0| 291.2 | 1179.6 | 888.4 299 4.81 .2080.
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78.3 93 |322.4| 293.6 | 1180.3 | 886.7 290 4.66 | .2145%
79-3 94 |323.1| 294.4 | 1180.5( 886.1 287 4.62 .2166
80.3 95 [323.9| 295.1 | 1180.7 | 885.6 285 4.57 | .2188
81.3 96 |324.6| 295.9 | 1181.0| 885.0 282 4.53 | .2210
82.3 97 |325.4| 296.7 | 1181.2 | 884.5 279 4.48 | .2231
83.3 98 [326.1 297.4 | 1181.4 | 884.0 276 4.44 | .2253
84.3 99 |326.8| 298.2 | 1181.6( 883.4 274 4.40 | .2274
85.3| 100 [327.6| 298.9 | 1181.8| 882.9 271 4.36 | .2296
86.3| 101 |328.3| 299.7 {1182.1( 882.4 268 4.32 .2317
87.3| 102 |329.0| 300.4 | 1182.3| 881.9 266 4.28 | .2339
88.3| 103 [329.7| 301.1 |1182.5]| 881.4 264 4.24 | .2360
89.3| 104 |330.4| 301.9 |1182.7| 880.8 261 4.20 | .2382
9o.3| 105 [331.1] 302.6 | 1182.9( 880.3 259 4.16 | .2403
91.3| 106 [331.8| 303.3 | 1183.1| 879.8 257 4.12 .2425
92.3| 107 |332.5| 304.0 [1183.4( 879.3 | 254 4.09 | .2446
93.3| 108 |333.2| 304.7 | 1183.6| 878.8 252 4.05 .2467
94.3| I09 |333.9| 305.4 |1183.8 878.3 250 4.02 .2489
95.3| IIO |334.5| 306.1 |1184.0( 877.9 | - 248 3.98 .2510
96.3| 1II [335.2| 306.8 |1184.2| 877.4 246 3.95 | .2531
97.3| 112 |335.9| 307.5 | 1184.4| 876.9 244 3.92 | .2553
08.3| x13 [336.5| 308.2 | 1184.6| 876.4 242 3.88 | .2574
99.3| 1114 |337.2| 308.8 | 1184.8 875.9 240 3.85 | .2596
100.3| 115 [337.8| 309., | 1185.0| 875.5 238 3.82 | .2617
101.3| 116 |338.5| 310.2 | 1185.2| 875.0 236 3.79 | .2638
102.3| 117 |339.1| 310.8 {1185.4| 874.5 234 3.76 | .2660
103.3| 118 |339.7| 311.5 [1185.6| 874.1 232 3.73 .2681
104.3| 119 |340.4| 312.1 |1185.8| 873.6 230 3.70 | .2703
105.3| 120 [341.0| 312.8 | 1185.9| 873.2 228 3.67 | .2764
106.3] 121 |341.6| 313.4 |1186.1| 872.7 227 3.64 .2745
107.3| 122 |342.2| 314.1 | 1186.3| 872.3 225 3.62 | .2766
108.3| 123 |342.9| 314.7 | 1186.5| 871.8 223 3.59 | .2788
100.3| 124 |343.5| 315.3 | 1186.7| 871.4 221 3.56 | .2809
110.3| 125 |344.1| 316.0 |1186.9( 870.9 220 3.53 .2830
111.3| 126 |344.7] 316.6 | 1187.1| 870.5 218 3.51 .2851
112.3| 127 |345.3| 317.2 | 1187.3| 870.0 216 3.48 | .2872
313.3| 128 [345.9| 317.8 [ 1187.4| 869.0 215 3.46 | .2804
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TABLE 4—Continued
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° Total Heat

s | 54 .| Avovesa*F. | g <8 ég

2o | 8 | § 2| 2 | 35 | 23

SR &€ |68 |5 4|8 o|Ze8| = | &5 | 25

| %5 |83 (S 2|8 2|55z 5| =S |38
. ed| SR | 88 2 8|8 8 ang > ud 8

w . e oy af |[Bg3 | 2 8 S a2 a
3| B2 | P |FE| g7 3 | %5 |3
sl 2|5 = =% |8
114.3| 129 [346.5| 318.4 | 1187.6| 869.2 213 3.43 | .2915
115.3| 130 [347.1| 319.1 | 1187.8| 868.7 212 3.41 2936
116.3| 131 [347.6| 319.7 | 1188.0| 868.3 210 3.38 2957
117.3| 132 |348.2| 320.3 | 1188.2| 867.9 209 3.36 2978
118.3| 133 |348.8| 320.8 | 1188.3| 867.5 207 3.33 | .3000
119.3| 134 |349.4| 321.5 | 1188.5]| 867.0 206 3.31 | .3021
120.3| 135 |350.0| 322.1 | 1188.7| 866.6 204 3.29 | .3042
121.3| 136 |350.5| 322.6 | 1188.9| 866.2 203 3.27 | .3063
122.3| 137 |351.1| 323.2 | 1189.0| 865.8 201 3.24 | .3084
123.3| 138 |351.8| 323.8 | 1189.2 | 865.4 200 3.22 .3105
124.3| 139 |352.2| 324.4 |1189.4| 865.0 199 3.20 3126
125.3| 140 |352.8| 325.0 | 1189.5| 864.6 197 3.18 3147
126.3| 141 |353.3| 325.5 | 1189.7| 864.2 196 3.16 3169
137.3| 142 [353.9| 326.1 | 1189.9| 863.8 195 3.14 .3190
128.3| 143 |354.4| 326.7 |1190.0| 863.4 193 3.11 3211
129.3| 144 |355.0| 327.2 | 1190.2 | 863.0 192 3.09 | .3232
130.3| 145 |355.5]| 327.8 | 1190.4 | 862.6 191 3.07 | .3253
131.3| 146 |356.0| 328.4 | 1190.5 | 862.2 190 3.05 | .3274
133.3| 148 |357.1| 329.5 | 11g0.9 | 861.4 187 3.02 | .3316
135.3] 150 |358.2| 330.6 | 1191.2| 860.6 185 2.98 .3358
140.3| 155 [360.7| 333.2 |1192.0| 858.7 179 2.89 3463
145.3| 160 |363.3| 335.9 | 1192.7| 856.9 174 2.80 | .3567
150.3| 165 |365.7| 338.4 | 1103.5| 855.1 169 2.72 | .3671
155.3| I70 |368.2| 340.9 | 1194.2| 853.3 164 2.65 | .3775
160.3| 175 |370.5| 343.4 | 1194.9 | 851.6 160 2.58 | .3879
165.3| 180 |372.8| 345.8 | 1195.7| 849.9 156 2.51 | .3983
170.3| 185 |375.1| 348.1 [1196.3 | 848.2 152 2.45 | .4087
175.3| 190 |377.3] 350.4 | 1197.0| 846.6 148 2.39 | .4191
180.3| 195 [379.5( 352.7 | 1197.7 | 845.0 144 2.33 | .4
185.3] 200 |381.6, 354.9 | 1198.3; 843.4 I41 2.27 .4400
190.3| 205 |383.7| 357.I |1199.0] 841.9 138 2.22 | .4503
195.3] 210 |385.7] 359.2 | 1199.6( 840.4 135 2.17 .4608
200.3| 215 |387.7| 361.3 | 1200.2 | 838.9 132 2.12 .4707
205.3| 220 |389.7| 362.2 | 1200.8| 838.6 129 2,06 .4852
245.3| 260 |404.4| 377.4 | 1205.3| 827.9 110 1.76 | .5686
285.3] 300 |417.4| 290.9 | 1209.2| 818.3 96 1.53 .6515
485.3| 500 )467.4| 443.5 | 1224.5]| 781.0 59 .94 |1.062
685.31 700 |504.1| 482.4 | 1235.7| 753.3 42 .68 |1.470
985.3| 1000 |546.8| 528.3 | 1248.7| 720.3 30 .48 |2.082
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QUESTIONS

1. What is one of the most important of a fireman's
duties?
2. What should the fireman attend to first of all
' when getting his engine ready to start out from the
,soundhouse ?
3. What other details should be looked after at this
time?
4. What condition should his fire be in before leav-
ing a terminal?
5. What is the proper depth of fire to be carried?
6. Should the fireman read and understand the train
orders? ‘
7. How should the coal be supplied to the fire while
running?
8. What is the best rule for the fireman to observe?
9. What precautions should a fireman practice re-
specting admission of air to the fire-box?
10. How may he prevent the grates from being
burned out?
11. Explain why the exhaust creates such a strong
draft.
12. When should the blower be used?
13. Why is a larger grate area required for hard
coal than for soft coal ?
14. Describe a water grate,
15. How many square feet of grate surface is needed
to burn ore ton of soft coal per hour?
16. For what purpose is a steam gauge connected to
a boiler?
17. Explain the construction and working of the
Bourdon spring gauge.
18. How should steam gauges be tested?
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19. For what purpose is a safety valve used?

20. How many pop valves should a locomotive boilet
be equlpped with?

1. Explain the working of a pop valve

22. What are the ﬁreman s duties upon arrival at a
terminal ? :

23. What is combustion?

24. What is one of the main factors in combustion?

25. Of what is air composed?

26. In what proportion are these two gases com-
bined?

27. What is the principal constituent of coal and
other fuels?

28. What other valuable constituent is contained in
bituminous coal?

29. What is the usual temperature of a boiler furnace
when in active operation?

30. About what should be the temperature of the
escaping gases?

31. What two factors are indispensable in the eco-
nomical use of coal?

32. What is heat?

33. What is the heat unit? -

34. What is the mechanical equivalent of heat?

35. How many heat units are there in one pound of
carbon?

36. How many heat units are there in one pound of
hydrogen gas?

37. What is specific heat?

38. What is sensible heat?

39. What is latent heat?

40. Is the latent heat imparted to a body lost?

41. What is meant by the total heat of evaporation?

42. How much heat expressed in heat units is re-
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quired to evaporate one pound of water from a tems-
perature of 32° into steam at atmospheric pressure?

43. Name the twc elements composing pure water.

44. In what proportion are these two gases com-
bined in the formation of water? .

45. Is perfectly pure water desirable for use in steam
boilers?

46. What causes scale to form in boilers?

47. What proportion of mineral matter is usually
found in water?

48. What is steam?

49. Of what does matter consist?

50. How does the application of heat to any sub-
stance affect its molecules?

51. In what particular mancer does heat affect the
molecules of water?

52. Is steam under pressure visible?

53. What is saturated steam?

54. What is dry steam?

55. What is superheated steam?

56. What is meant by the term total heat in steam?

57. What is meant by the density of steam?
' 58..What is meant by the volume of steam?

59. What is the weight of a cubic foot of water at
39.1° temperature?

60. What is the weight of a cubic foot of water at a
temperature of 212°?

61. What is the boiling point of water in the open
air at sea level?

62. At what temperature will water boil in a perfect
vacuum?

63. What is meant by the relative volume of steam?
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THE BOILER

In order that the student may get a general idea of
the construction of a locomotive boiler, a sectional
elevation of one is shown in Fig. 6.

The four vital organs of a locomotive boiler are:
first, the fire-box A; second, the cylinder or barrel
B-B; third, the flues or tubes C-C, and fourth, the
smokestack D. Underneath the fire-box is suspended
the ash pan E, next above the ash pan appears the
mud ring F-F. This is a wrought iron bar bent to the
proper form to extend around the bottom of the inside
of the fire-box, the ends welded, and the ring thus
formed is then drilled and riveted to the inside and
outside sheets.

The fire-box is a rectangular box constructed of steel
plates G-G from 34 to ¢ in. in thickness. The inner
shell is surrounded by an outside shell H-H, also con-
structed of steel plates, usually of about the same
thickness as the inner plates. The outside shell is
enough larger than the inside one to allow a space of
2% to 4% in. between the inner and outer plates.
This space is called the water space and entirely sur-
rounds the fire-box on the four sides, the water occupy-
ing it being in free communication with the main body
of water in the boiler It will thus be seen that the
flat sides of the fire-box are subjected to the full
pressure of the steam, and unless they be strengthened
in some manner they will bulge apart. This danger is
obviated by the use of stay bolts J-J, Fig. 6. These are
made of the best quality of wrought iron, generaliy

45
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from 7% to 1{¢ in. in diameter, and have a screw thread
cut their whole length. They are screwed through
both the outside and inside plates at intervals of from
4 to 4% in. apart center to center, thus securely bind-
ing the plates together. The projecting ends of these
stay bolts are also riveted down onto the plates, thus
further increasing their holding power.

Owing to the unequal expansion and contraction of
the inner and outer plates, stay bolts are subjected to
great strains and very frequently break, thereby caus-
ing a large amount of trouble. They should be made

Figure 7

tubular, or at least have a small hole drilled into one
end, as shown in Fig. 7, extending into the bolt a dise
tance greater than the thickness of the outside plate,
so that if the bolt breaks which generally occurs next
the outside plate, the water will escape through the
fracture into the hole and thus indicate the defect and
the danger.

The Tate flexible stay bolt, which received the high-
est award at the St. Louis exposition in 1904, appears
to offer at least a partial solution of the problem of
staying fire-box sheets. Fig. 8 is a sectional view
showing the design of this stay bolt. The ball-shaped
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head of the bolt C is inclosed within a socket formed
by a sleeve B that screws into the outer sheet, and a
cap A that screws onto the sleeve. The other end of
the bolt is screwed into and through the fire sheet a

FigurE 8

sufficient distance to allow of riveting. It is apparent
that the freedom of movement of the head of the bolt
within its socket will allow the fire sheet to go and
come, without subjecting the bolt to such severe
strains and transverse stresses as would occur if the
bolt were rigid. Fig. g is a full view of the bolt,

F1GURE 9

except that the thread has not yet been cut on the enu
that screws into the fire sheet. The Tate flexible stay
bolt is manufactured by the Flannery Bolt Company,
Pittsburg, Pa.
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It is also necessary to
strengthen the flat top or

" crown sheet of the fire-box.

There are three common
methods by which this is
done: first, by crown bars;
second, by radial stays, and
third, by the Belpaire
system,

In Fig. 6 the crown bar
method is shown, K-K being
the ends of the crown bars
Fig. 10 1is a transverse
sectional view of the same
boiler, and one of the crown
bars, K-K, is shown ex-
tending across the top of
the fire-box above the crown
sheet and supported at the
ends by special castings
that rest on the edges of the
side sheets and on the flange
of the crown sheet at L-IL..
These crown bars are double
girders, and a space is al-
lowed between them and the
top of the crown sheet to
allow the water to circulate
freely. At intervals of 4 -
5 in. crown bolts are placec
having the head inside the

fire-box and the nut bearing on a plate on top of the
crown bar. There is also a thimble or ring for each
bolt to pass through, between the top of the crown
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sheet and the bottom of the crown bars. These thim-
bles maintain the proper distance between the crown
sheet and crown bars.

The second method of supporting the crown sheet
is by the use of radial stays, which are long stay bolts
screwed into the outer shell and into the crown sheet.

Il
LI

a:—jhjlé-lj
(

— g

Figure 11

Fig. 11 shows a longitudinal section of a fire-box
having the crown sheet secured by radial stays, and
Fig. 12 is a transverse section and back view of th:
same. The principal defect in this construction is,
that in order to resist successfully the strains induced
by the pressure on the crown sheet, the stays should
be placed at right angles to its surface, and in order
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to resist the pressure on the outer shell they should be
radial to its cylindrical form, but as it is impossible to
so locate them the strains are not equally divided and
a certain distortion of both the stays and the sheets is
the result. The only thing that can be done under

FiGurE 12

such conditions is to approximate as closely as pos:
sible the correct position of the stays

In the third or Belpaire system the outside shell of
the boiler directly over the crown sheet is made flat to -
conform to the surface of the crown sheet. This per-
mits of positive stay‘ng, the stayc< all having good
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bearings in and on the sheets. This method is illus-
trated by Figs. 13 and 14, which show longitudinal and
transverse sections of this form of fire-box. The long
stays S S S are seen to be connected at right angles to
the flat plates, and  the sides, which are also flat, are
braced by the rods B B B extending. across from side
to side. . A great advantage in this form of fire-box is

Figure 13

that the crown sheet and the flat outside sheet directly
over it have more or less flexibility and" are free to
bend or spring, according as the inside plates become
heated and expand, or cool and contract. On the
other hand, if the outside sheet is cylindrical in shape
and has the crown sheet stayed to it by means of
radial stays, it will be subjected to excessive distor-
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tional strains caused by the more or less pushing
upwards of the stays as the inner plates become heated.

The crown sheets of locomotive boilers are as a rule
made to slope downwards from the front end of the
fire-box toward the back end, so as to be several
inches lower behind than in front. This is done in
order to lessen the danger of the back end of the
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Figure 14

crown sheet becoming uncovered of water in running
down a steep grade. There is not so much danger of
the front end of the crown sheet becoming uncovered,
either in going up or down a grade, for the reason that
it is nearer the center of the length of the boiler.

The usual method of staying the heads of locomo-
tive boilers is illustrated in Fig. 6. Diagonal stays or
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braces SS S S are used, having one end riveted to the
shell and the other end connected to that portion of
the head that needs bracing.

The flues serve to brace the flue sheet and all of that
portion of the front head to which they are connected.
Sometimes gusset stays are used for staying the heads.
A gusset stay is a triangular piece of boiler plate P,
Fig. 15, connected to the boiler head H and to the
shell S by means of angle irons A A A A, which are
riveted to the head. The plate P is connected to the
angle irons by rivets. The tube plates or flue sheets

Ficure 15

are of necessity thicker than the shell, owing to the
fact that they are considerably weakened by the holes
drilled in them for the tubes. By reference to Fig. 6
the arrangement of the tubes will be clearly under-
stood, N being the fire-box end and M the smoke-box
end. Fig. 10 gives a view of the fire-box end of tt:
tubes, which in this case are arranged in vertical rowe
In some cases the tubes are placed in horizontal rows.
Opinions differ as to the best arrangement, but- it is
generally conceded that the plan of having them in
vertical rows permits of a freer circulation of the
ater around them.
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The diameter of locomotive tubes is usually two
inches, as that size has been found by experience to .
be the most suitable for the distribution of the hot
gases on their way from the fire-box to the smoke-
stack.

The tubes or flues are made water-tight in the sheets
by being expanded in the holes drilled to receive
them. The ends of the tubes are allowed to project
through the sheets I in. or more. Copper ferrules
are generally slipped in over the outside of the tubes,
and the tube is then expanded to fill the hole and a
water-tight joint is thus secured.
After the tube has been suffi-
- ciently expanded, the projecting -
end is turned back onto the sheét
and formed into a bead by the use
of a caulking tool made espe-
cially for the purpose. Fig. 16 is
a sectional view of one end of a
tube as it appears after being
expanded into the sheet.

There have been various types

. FIGURE 16 of tools designed and made for

' expanding tubes, but the two

most generally used are the Prosser, Figs 17 and 18,
and the Dudgeon, Fig 19. .

The Prosser tube expander is an expandmg plug
made up of -eight or more sectors, 1, 2, 3, 4, 5,6, 7, 8
held together by an open steel ring or spring clasp C
(see Fig. 18). The sector-shaped pieces have their inner
edges cut away in such shape as to leave a tapered
hole H through the center of the plug. Into this hole
the tapered mandrel E is inserted, and when the
expander is inserted into the mouth of the tube and
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the mandrel driven in, the sectors will be slightly
separated and the tendency will be to expand the
tubes. The outside conformation of the sectors com-
posing the plug is such that, when the tube is ex-
panded, it not only completely fills the hole in the

I s>

Ficure 17

tube sheet but is also expanded past the edge of the
hole, both on the inside and outside of the sheet, thus
securely binding the tube in the sheet and causing it to
act as a brace.. Referring to Fig. 16, S S is the tube
sheet, R R shows the expanded ridge on the tube
inside the sheét, and T T indicates the manner in
which the end of the tube is expanded and beaded over
onto the outer edge of th
hole. '
The Dudgean roller
tube expander, shown in
Fig. 19, consists of a hol-
low plug having a sleeve
or cap at one end that
bears against the outside
of the sheet, thus serving
as a guide to the roller
when in use. Three cavi- . Frgure 18
ties are cut longitudifially
in the plug, and into each one of these cavities a roller
is inserted which is free to revolve. These rollers can
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also move a short distance outward from the center
of the plug. In using this expander the plug is in-
serted into the mouth of the tube as far as the cap
will permit. A tapered mandrel is then driven into
the central opening, and the rollers are forced out
against the inner surface of the tube. The mandrel
is then slowly turned around by means of a short steel
rod inserted into one of the holes shown in the head
(see Fig. 19). This causes the plug to revolve, as
well as the rollers which bear hard against the tube,
and expand it so as to fill the hole in the sheet.

The Dudgeon expander is also a very efficient tool
for repairing leaky tubes. Cast iron or steel ferrules

(o” (T ——

FI1GURE 19

made slightly tapering are sometimes driven into the
mouths of tubes after they have been expanded, bu.
this method, although it may serve to prevent leakage,
will at the same time decrease the capacity of the
tubes to conduct the heat.

As the term tensile strength (T. S.) will be used
quite frequently in the remaining portion of this chap-
ter, it is proper that its meaning be explained for the
benefit of the beginner.

The expression tensile strength per square inch as
referring to a boiler sheet means that when the plate is
rolled, and before it is accepted by the inspector, a
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small test piece having a sectional area of one square
inch is cut from the plate and placed in a testing
machine, where it is subjected to a pull or strain in
the direction of its length, and this strain must equal
the T. S. called for in the specifications. If the speci-
fications call for a T. S. of 66,000 lbs. per square inch,
the test piece must withstand that much of a strain
before showing signs of breaking, otherwise the sheet
will or should be rejected.

When steel was first introduced as a material for
boiler plate, it was customary to demand a high tensile
strength, 70,000 to 74,000 lbs. per square inch, but
experience and practice demonstrated in course of
time that it was much safer to use a material of lower
tensile strength. It was found that with steel boiler
plate of high tenacity there was great liability of its
cracking, and also of certain changes occurring in its
physical properties, brought about by the variations in
temperature to which it was exposed. Consequently
present-day specifications for steel boiler plate call fos
tensile strengths running from 55,000 to 66,000 Ibs.,
usually 60,000 lbs. per square inch. Dr. Thurston
gives what he calls ‘‘good specifications’ for boiler
steel as follow: ‘‘Sheets to be of uniform thickness,
smooth finish, and sheared closely to size ordered.
Tensile strength to be 60,000 lbs. per square inch for
fire-box sheets and 55,000 lbs. per square inch for shell
sheets. Working test: a piece from each sheet to be
heated to a dark cherry red, plunged into water at 60°
and bent double, cold, under the hammer. Such piece
to show no flaw after bending.”” The U. S. Board of
Supervising Inspectors of Steam Vessels prescribes, in
Section 3 of General Rules and Regulations, the fol-
lowing method for ascertaining the tensile strength of
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steel plate for boilers: ‘“There shall be taken from
each sheet to be used in shell or other parts of boiler
which are subject to tensile strain, a test piece pre-
pared in form according to the following diagram:

o Bstt Sastten
4& A

1131 ° o f oo Lbow) 2
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The straight part in center shall be g in. in length and
I in. in width, marked with light prick punch marks
at distances 1 in. apart, as shown, spaced so as to give
8 in. in length. The sample must show, when tested,
an elongation of at least 25 per cent in a length of 2 in.
for thickness up to X4 in. inclusive; in a length of 4
" in., for over ¥ in. to {% in. inclusive; in a length of 6
in., for all plates over {% in. and under 134 in. in thick-
ness. The samples shall also be capable of being bent
to a curve of which the inner radius is not greater than
1% times the thickness of the plates, after having been
heated uniformly to a low cherry red and quenched in
water of 82° F.”

Punched and Drilled Plates. Much has been written
on this subject, and it is still open for discussion. If
the material is a good, soft steel, punched sheets are
apparently as strong and in some instances stronger
than drilled; especially is this the case with regard to
the shearing resistance of the rivets, which is greater
with punched than with drilled holes.

Concerning rivets and rivet iron and steel Dr.
Thurston has this to say in his ‘‘Manual of Steam
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Boilers’': ‘“‘Rivet iron should have a tenacity in the
bar approaching 60,000 lbs. per square inch, and should
be as ductile as the very best boiler plate when cold.
A good 3-in. iron rivet can be doubled up and ham-
mered together cold without exhibiting a trace of
fracture.”” The shearing resistance of iron rivets is
about 85 per cent and that of steel rivets about 77 per
cent of the tenacity of the original bar, as shown by
experiments made by Greig and Eyth. The researches
made by Wohler demonstrated that the shearing
strength of iron was about four-fifths of the tensile
strength.

The tables that follow have been compiled from the
highest authorities and show the results of a long and
cxhaustive series of tests and experiments made in
order to ascertain the proportions of riveted joints
that will give the highest efficiencies.

The following table gives the diameters of rivets for
various thicknesses of plates and is calculated accord-
ing to a rule given by Unwin.

TABLE §

TABLE OF DIAMETERS OF RIVETS*

Thickness of | piameter ot Rivet [Thickness of Plate| Diameter of Rivet

gaingh | Jhingh | Yeingh p nch
;}: “ u/: “ o 3/: “ llfl: c:
7/ s ‘“ 1) [y 7/8 13 ll/ ¢
1 A “ 13/“ “ 1 “" 11/‘ “

The efficiency of the joint is the percentage of the
strength of the solid plate that is retained in the joint,

—

s Machine design—W. C. Unwin.
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and it depends upon the kind of joint and method ot
construction. ’

If the thickness of the plate is more than % in., the
joint should always be of the double butt type.

The diameters of rivets, rivet holes, pitch and effi-
ciency of joint, as given in.the following table, which
was published in the ‘‘Locomotive’’ several years ago,
were adopted at the time by some of the best establish-
ments in the United States.*

TABLE 6

PRrOPORTIONS AND EFFICIENCIES OF RIVETED JOINTS

Inch | Inch | Inch | Inch | Inch

Thickness of plate ........... 1/, 5/s0 /g /M 1/,
iameter of rivet............ 5/g ﬂf e | Y | B | s
Diameter of rivet-hole........ el 3 | Bie 7/; 156
Pitch for single riveting ... ... 2° | ol | 21 | 23 | 2Vs
Pitch for double riveting ......| 3 | 3h | 3/, | 3k | 3V
Efficiency—single-riveted joint | .66 | .64 | .62 | .60 | .58

Efficiency—double-riveted joint| .77 | .76 | .75 | .74 | .73

—_—

Concerning the proportions of double-riveted butt
joints, Professor Kent says: ‘‘Practically it may be said
that we get a double-riveted butt joint of maximum
strength by making the diameter of the rivet about 1.8
times the thickness of the plate, -and making the pitch
4.1 times the diameter of the hole."

Table 7, as given below, is condensed from the report
of a test of double-riveted lap and butt joints.t In this
test the tensile strength of the plates was 56,000 to

sThurston’s Manual of Steam Boilers.
t Proc. Inst. M. E., Oct., 1888.
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58,000 lbs. per square inch, and the shearing resist-
ance of the rivets (steel) was about 50,000 lbs. per
square inch.

TaBLE 7

DIAMETER AND PrrcH OF RIVETS—DOUBLE-RIVETED JOINT

Kind of Joint T"‘g,klg? of msﬁmr of Ratg) ot 1 1::':1: to
Lap { inch 0.8 inches 3.6 inches
Butt x “ 0.7 “ 39 «
Butt ‘“ 1.1« 4.0 «
Butt 1« 1.3« 3.9 «

Lloyd’s rules, condensed, are as follows:

Lioyp’s RUuLEs—THICKNESS OoF PLATE AND DIAMETER or RIveTs

Thickness of Diameter of Thickness of Diameter of
Plate Rivets Plate Rivets
3, i 5, i 8, s i
oo inch o ok ot 7 inch
1 /IG [y 3/‘ “ 7 A [ l 8 [
() “ 8 / L3 15, / “ 1 (4
6 4 16
13 /: : : : /‘ :: 1 'y l 'y
116 s

The following Table 8 is condensed from one calcu-
lated by Professor Kent,* in which he assumes the
shearing strength of the rivets to be four-fifths of the
tensile strength of the plate per square inch, and the
excess strength of the perforated plate to be 10 per
cent.

¢Kent's Mechanical Engineer’'s Pocket-Book, page 862.
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TaBLE 8
Pitch Efficiency
Thickness| Diameter
of Plate | of Hole Single Double Single Double
Riveting Riveting Riveting Riveting
Inches Inches Inches Inches Per Cent Per Cent
8/s s 2.04 3.20 57.1 72.7
/M 1 2.30 3.61 56.6 72.3
1, 1 2.14 3.28 53.3 70.0
A 11/ 2.57 4.01 56.2 72.0
916 1 2.01 3.03 50.4 67.2
Y10 1Y, 2.41 3.69 53.3 69.5
916 11/. 2.83 4.42 55.9 71.5
5/s 1.91 2.82 47.7 64.6
5/s ll/, 2.28 3.43 50.7 67.3
5/s 11/, 2.67 4.10 53.3 69.5

Another table of joint efficiences as given by Dr.
Thurston* is as follows, slightly condensed from the
original calculation:

TABLE 9

Single riveting
Plate thickness. 5/ "’/" 7/ ' 1/" 8y’ ! l/rl 7' 17!
Efficiency ..... 85 55 b3 52 48 47 45 43

Double riveting
Plate thickness. 3/g'' 7ye’'' Y5'' 34'" s'' 1"’
Efficiency...... .73 .72 71 .66 .64 .63

The author has been at considerable pains to com-
pile Tables 10, 11 and 12, giving proportions and effi-
ciencies of single lap, double lap and butt, and
triple-riveted butt joints. The highest authorities
have been consuited in the computation of these tables
and great care exercised in the calculations.

* Thurston's Manual of Steam Boilers, page 119.
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TABLE 10
PROPORTIONS OF SINGLE-RIVETED LAP JoINTS

Thickness of Plate [Diameter of Rivet| Pitch of Rivet Efficiency
Inches Inches Inches Per Cent

5, 9, .1 50.5

4y e 1.8 53.3

“ /6 1.65 55.7

¥s Y 1.60 563.3

7 T 187 5.2

& 1 2.30 56.6

‘I’ 1 2.14 53.3

‘ 1Yg 2.67 56.2

‘/}. 1 2.01 50.4

¢ 1Y, 2.41 53.3

“ 1y, 2.83 55.9

LA 1Y 2.28 50.7

“ 19/, 2.67 - 53.3

It will be noticed that in single-riveted lap joints the
highest efficiencies are "attained when the diameter of
the rivet hole is about 234 times the thickness of the
plate, and the pitch of the rivet 234 times the diameter
of the hole.

With the double-riveted joint it appears, according
to Table 11, that in order to obtain the highest effi-
ciency the joint should be designed so that the diam-
eter of the rivet hole will be from 1$ to 2 times the
thickness of plate, and the pitch should be from 34 to
3Y% times the diameter of the hole. Concerning the
thickness of plates Dr. Thurston has this to say:*
“Very thin plates cannot be well caulked, and thick
plates cannot be safely riveted. The limits are about
1£ of an inch for the lower limit, and 3{ of an inch for
the higher limit.”’ The riveting machine, however,
overcomes the difficulty with very thick plates.

¢ Thurston's Manual of Steam Boilers, page 130.
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TABLE 11

PROPORTIONS OF DOUBLE-RIVETED LAP AND BUTT JoINTS

e | DaEeerot | PitenotRiver Efficlency
/46 inch 9/¢ inch 1.71 inches | 67.1 per cent
56 ] 8¢ “ 2.05 ¢ 69.5 “

's [ '/‘ “ 2.46 (g m.5 [
8/. " 7/a “ 3.% [ 72‘7 [y

7/10 ““ A “ 2,91 « 66.2 “

7se « 7/. “ 2.86 « 69.4 «

7 6 ‘“ l [13 3‘61 (13 72'3 {3
U5 o« 1T« 3.28 “ 70,0 “
i, « 1y 4.01 * 72.0

Yo 1 “ 3.03 “ 67.0

%6 1Y ¢ 3.690 ¢ 69.6

Ve 1, 1.42 « 71.5
gy o« 1y o« 3.43 « 87.3 “
s 1, © 410 “ 69.5
8, o« 1 “ 2.60 ¢ 72.0
/A 1Yy 3.04 “ 74.2

i« u « 410 « |761 «

The triple-riveted butt joint with two welts, one
inside and one outside, has two rows of rivets in
double shear and one outer row in single shear on each
side of the butt, the pitch of rivets in the outer rows
being twice the pitch of the inner rows. One of the
welts is wide enough for the three rows of rivets each
side of the butt, while the other welt takes in only the
two close pitch rows.

When properly designed, this form of joint has a
high efficiency, and is to be relied upon. Table 12
gives proportions and efficiencies, and it will be noted
that the highest degree of efficiency is shown when the
diameter of rivet hole is from 1{ to 14 times the
thickness of plate, and the pitch of the rivets is from
3% to 4 times the diameter of the hole. This, of
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course, refers to the pitch of the close rows of rivets,
and not the two outer rows.

TABLE 12

PROPORTIONS OF TRIPLE-RIVETED BUTT JOINTS WITH INSIDE anD
OvuTtsipE WELT

il h Pitch of
Tl Of | PlBioer °f | TRiver” | outer Rows Eficiency
Inches Inches Inches Inches
3s 1%/ 3.25 6.5 84
756 136 3.25 6.5 85
1/3 36 3.25 6.5 83
%16 s 3.50 7.0 84
/g 1 3.50 7.0 86
8/, 1Y44 3.50 7.0 85
s 19, 3.75 - 7.5 86
1Y, 3.87 7.7 84

A few examples of calculations for efficiency will be
given, taking the three forms of riveted joints in most
common use. The following notation will be used
throughout: :

T.S. =Tensile strength of plate per square inch.

T = Thickness of plate.

C = Crushing resistance of plate and rivets.

A = Sectional area of rivets.

S = Shearing strength of rivets.

D = Diameter of hole (also diamet=r of rivets when
driven).

P = Pitch of rivets.

In the calculations that follow T.S. will be assumed
to be 60,000 lbs., S will be taken at 45,000 Ibs., and
the value of C may be assumed to be 90,000 to g5,000.

Fig. 20 shows a double-riveted lap joint. The style
of riveting in this joiat is what is known as chain
riveting.
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In case the rivets are staggered the same rules for
calculating the efficiency will hold as with chain rivet-
ing, for the reason that
with either style of riv-
eting the unit strip of
plate has a width equal
to the pitch or distance
2, Fig. 20.

The dimensions of
the joint under consid-
eration are as follows:
P=3Y% in., T= (% in.,, D

F1GURE 20 = 1 in. (which is also di-
ameter of driven rivet).

The strength of the unit strip of solid plate is
PxTxT.S. = 8s,312.

The strength of net section of plate after drilling is
P-DxTxT.S. = 59,062.

The shearin .
resistanceof twi =
rivets is 2A x !
= 70,686. 6

The crushing
resistance o ___?___?__ d @ d
rivets and plat
isD><2><'¥x( \d 3 % % % %
= 78,750. ;

It thus ap *
pears that th
weakest part os
the joint is the
the net strip or section of plate, the strength of which
is 59,062 and the efficiency = 59,062 x 100 + 85,312 =
69.2 per cent.

Figure 21
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A double-riveted butt joint is illustrated by Fig. 21,
and the dimensions are as follows:

P, inner row of rivets = 234 in.

P’, outer row of rivets = 514 in.

T of plate and butt straps = % in.

D of hole and driven rivet = 1 in.

Failure may occur in this joint in five distinct ways,
which will be taken up in their order.

1. Tearing of the plate at the outer row of rivets.
The net strength at this point is P-DxTxT.S,,
which, expressed in plain figures, results as follows:
5.5 — I x.4375 % 60,000 = 118,125.

2. Shearing two rivets in double shear and one in
single shear. Should this occur, the two rivets in the
inner row would be sheared on both sides of the plate,

thus being in double shear. Opposed to this strain
" there are four sections of rivets, two for each rivet.
Then at the outer row of rivets in the unit strip there
is the area of one rivet in single shear to be added.
The total resistance, therefore, is 5A xS as follows:
'7854 X § X 45,000 = 17617‘5°

3. The plate may tea at the inner row of rivets and
shear onerivet in the outer row. The resistance in this
case would be PP-2DxTxT.S. +A xS as follows:
5.5 — 2 % .4375 x 60,000 +.7854 x 45,000 = 127,218,

4. Failure may occur by crushing in front of three
rivets. Opposed to this is 3DxTxC, or 1x3x
-4375 X 95,000 = 124,687.

5. Failure may occur by crushing in front of two
rivets and shearing one. The resistance is represented
by 2D x TxC+ 1A xS; expressed in figures, I x 2 x
-4375 % 95,000 +.7854 x 45,000 = 118,468.

The strength of a solid strip of plate 534 in. wide
Lefore drilling is P’ x T x T.S., or 5.5 x .4375 x 60,000 ="

.
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144,375, and the efficiency of the joint is ‘118,125 x
100 + 144,375 = 81.1 per cent. .
A triple-riveted butt joint is shown in Fig. 22, the

dimensions of
— which are as

5— P —% & A follows:
% T=4%in.

D=11§in.
A =.69 in,

P =334 in.
@ 9)% P’=6%lil:1.

cepedicaces

Failure may

* * Y occur in this

Wi | 7 joint in either

; one of five ways.

Fieure 22 I. By tearing

the plate at the

outer row of rivets, where the pitch is 634 in. The

net strength of the unit strip at this point is P/— D x

T x T.S., found as follows: 6.75—.9375 % .4375 x
60,000 = 152,578.

2. By shearing four rivets in double shear and one
in single shear. In this instance, of the four rivets in
double shear, each one presents two sections, and the
one in single shear presents one, thus making a total of
nine sections of rivets to be sheared, and the strength
is 9A x S, or .69 x 9 x 45,000 = 279,450.

3. Rupture of the plate at the middle row of rivets
and shearing one rivet. Opposed to this strain the
strength is P’—2D x T x T.S. + 1A x S, equivalent to
6.75 — (.9375 x 2) x .4375 x 60,000 + .69 x 90,000 =
190.068.

4. Crushing in front of four rivets and shearing one
rivet. The resistance in this instance is 4Dx TxC+
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1A x S, or .9375 x 4 X .4375 X 90,000 + .69 x 45,000 =
178,706. .

5. Failure may be caused by crushing in front of five
rivets, four of which pass through both the inside and
outside butt straps, while the fifth rivet passes through
the inside strap only, and the resistance is sD x T x C,
equivalent to .9375 x 5 x 90,000 = 184, 570.

- F1IGURE 23

The strength of the unit strip of plate before drilling
is P’ x T x T.S., or 6.75 x .4375 x 60,000 = 177,187, and
the efficiency is 152,578 x 100 + 177,187 = 86 per cent.

With the constantly increasing demand for higher
steam pressures, the necessity for higher efficiencies in
the riveted joints of boilers becomes more apparent,
and of late years quadruple and even quintuple-riveted
butt joints have in many instances come into use. The
quadruple butt joint when properly clesigned shows a
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high efficiency, in some cases as high as 94.6 per cent.
Fig. 23 illustrates a joint of this kind, and the dimen-
sions are as follows:

T=1% in.
D=1} in.
A = .69 in.

P, inner rows = 33 in.
P’, 1st outer row = 7% in.
P”, 2d outer row = 15 in. .

The two inner rows of rivets extend through the
main plate and both the inside and outside cover plates
or butt straps.

The two outer rows reach through the main plate
and inside cover plate only, the first outer row having
twice the pitch of the inner rows, and the second outer
row has twice the pitch of the first.

Taking a strip or section of plate 15 in. wide (pitch
of outer row), there are four ways in which this joint
may fail,

1. By tearing of the plate at the outer row of rivets.
The resistance is P —D x T x T.S., or 1§-.9375 x.§ x
60,000 = 421,875,

2. By shearing eight rivets in double shear and three
in single shear. The strength in resistance is 19A x S,
or .69 x 19 x 45,000 = 5§89,950.

3. By tearing at inner rows of rivets and shearing
three rivets. The resistance is P”—4D x T x T.S. +
3A x S, jor 15—(.09375 x 4) X .5 x 60,000 + .69 x 3 X
45,000 = 430,650. ,

4. By tearing at the first outer row of rivets, where
the pitch is 7% in., and shearing one rivet. The
resistance is P’ —2D x Tx T.S. + Ax S, or 15— (.9375 x
2) x .§ x 60,000 + .69 x 45,000 = 424,800.

It appears that the weakest part of the joint is at the
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outer row of rivets, where the net strength is 421,875.
The strength of the solid strip of plate 15 in. wide
before drilling is P”x T x T.S., or 15x .5 % 60,000 =
450,000, and the efficiency is 421,875 x 100 +450,000 =
93.7 per cent.

Staying Flat Surfaces. The proper staying or brac-
ing of all flat surfaces in steam boilers is a highly
important problem, and while there are various
methods of bracing resorted to, still, as Dr. Peabody
says, ‘‘the staying of a flat surface consists essentially
in holding it against pressure at a series of isolated
points which are arranged in regular or symmetrical
pattern.”” The cylindrical shell of a boiler does not
need bracing, for the very simple reason that the
internal pressure tends to keep it cylindrical. On the
contrary, the internal pressure has a constant tendency
to bulge out the flat surface. Rule 2, Section 6, of the
rules of the U. S. Supervising Inspectors provides as
follows: ‘“No braces or stays hereafter to be employed
in the construction of boilers shall be allowed a greater
strain than 6,000 lbs per square inch of section.”

The weakest portion of the crow foot brace when in
position is at the foot end, where it is connected to
the head by two rivets. With a correctly designed
btace the pull on these rivets is direct and the tensile
strength of the ma-
terial needs to be
considered only, but
if the form of the
brace is such as to
bring the rivet holes
above or below the
center line of the brace, or if the rivets are pitched too
far from the body of the brace, there will be a certain

Ficure 24
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weverage exerted upon the rivets in addition to the
direct pull. Fig. 24 shows a brace of incorrect design
and Figs. 25 and 26
show braces designed
along correct lines.

The problem of prop-
erly staying the flat
crown sheet of a hori-
zontal fire-box boiler, especially a locomotive boiler,
is a very difficult one and has taxed the inventive
genius of some of the most eminent engineers.

For simplicity of construction and great strength the
cylindrical form of fire-box known as the Morison
corrugated furnace has proved to be very successful.
This form of fire-box was in 1899 applied to a locomo-
tive by Mr. Cornelius Vanderbilt, at the time assistant
superintendent of motive power of the New York Cen-
tral and ‘Hudson River R. R. This furnace was rolled
of 34-in. steel, is g9 in. internal diameter
and 11 ft. 2% in. in length. It was
tested under an external pressure of 500
Ibs. per square inch before being placed
in the boiler. Itis carried at the front
end by a row of radial sling stays from
the outside plate, and supported at the
rear by the back head. Figs. 27 and 28
show respectively a sectional view and
an end elevation of this boiler. It will
be seen at once that the question of stays
for a fire-box of this type becomes
very simple.

Calculating the Strength of Stayed Surfaces. In calcu-
Tations for ascertaining the strength of stayed surfaces,
or for finding the number of stays required for any

FI1GURE 25
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given flat surface in a boiler, the working pressure
being known, it must be remembered that each stay is
subjected to the pressure on an area bounded by lines
drawn midway between it and its neighbors. There-
fore the area in square inches, of the surface to be
supported by each stay, equals the square of the pitch

End Elevation,
Showing Anacement of Long. Stays.
Fiaure 28

or distance in inches between centers of the points
of connection of the stays to the flat plate. Thus,
suppose the stays in a certain boiler are spaced 8 in.-
apart, the area sustained by each stay = 8 x 8 = 64 sq.
in., or assume the stay bolts in a locomotive fire-box
to be pitched 4% in. each way, the area supported
by each stay bolt = 434 x 4% = 20¥ sq. in.

The minimum factor of safety for stays, stay bolts
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and braces is 8, and this factor should enter into all
computations of the strength of stayed surfaces.

The pitch for stays depends upon the thickness of
the plate to be supported, and the maximum pressure
to be carried. .

In computing the total area of the stayed surface it
is safe to assume that the flange of the plate, where it
is riveted to the shell, sufficiently strengthens the
plate for a distance of 2 in. from the shell, also that
the tubes act as stays for a space of 2 in. above the top
row. Therefore the area of that portion of the flat
head or plate bounded by an imaginary line drawn at
a distance of 2 in. from the shell and the same dis-
tance from the last row of tubes is the area to be
stayed. This surface may be in the form of a segment
of a circle, as with a cylindrical boiler, or it may be
rectangular in shape, as-in the case of a locomotive or
other fire-box boiler. Other forms of stayed surfaces
are often encountered, but in general the rules ap-
plicable to segments or rectangular figures will suffice
for ascertaining the areas.

By the use of Table 13 and the rule that follows, the
area of the segmental portion of any boiler head may
be ascertained.

Rule. Divide the height of the segment by the
diameter of the circle. Then find the decimal oppo-
site this ratio in the column headed ‘‘Area.”” Multiply
this area by the square of the diameter. The result is
the required area.

Ezample. Diameter of circle =72 in. Height of
segment = 2§ in. 2§ + 72 = .347, which will be found in
the column headed ‘‘Ratio,”” and the area opposite this
.24212. Then .24212 x 72 x 72 = 1,255 sq. in., area of
segment.
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TABLE 13
AREAS OF SEGMENTS OF A CIRCLE

Ratio| Area | Ratio] Area | Ratio] Area | Ratio| Area
.2 11182 | .243 | .14751 | .286 | .18542 | .329 | .22509
.201 11262 | .244 | .14837 | .287 | .18633 | .33 .22603
.202 [ 11343 | .245 | .14923 | .288 | .18723 | .331 | .22697
.203 | .11423 | .246 | .15009 | .289 | .18814 | .332 | .22792
.204 | .11504 | .247 | .15095 | .29 .18905 | .333 | .22886
--206 | .11584 ( .248 | .15182 | .291 | .18996 | .334 | .22980
206 | .11665 | .249 | .15268 | .292 | .19086 | .335 | .23074
'.207 | .11746 | .25 .15355 | .293 | .19177 | .336 | .23169
.208 | .11827 | .251 | .15441 | .294 | .19268 | .337'| .23263
.209 | .11908 | .252 | .15528 | .295 | .19360 | .338 | .23358
.21 11990 | .253 | .15615 | .296 | .19451 | .339 | .23453
-.211 12071 | .254 | .15702 | .297 | .19542 | .34 .23547
L2121 12153 | .255 | .15789 | .298 | .19634 | .341 | .23642
.213 | .12235 | .256 | .15876 | .299 | .19725 | .342 | .23737
L2141 12317 | .257 | .15964 | .3 .19817 | .343 | .23832
.215 | ,12399 | .258 | .16051 | .301 | .19908 | .344 | .23927
vaa216 | 012481 | 259 [ .16139 | .302 | .20000 | .345 | .24022
2171 .12563 | .26. | .16226 | .303 | .20092 | .346 | .24117
.218 | .12646 | .261 | .16314 | .304 | .20184 | .347 | .24212
©.219 | .12729 | .262 | .16402 | .305 | .20276 | .348 | .24307
122 .12811 | .263 | .16490 | .306 | .20368 | .349 | .24403
.221 | .12894 | .264 | .16578 | .307 | .20460 | .35 .24498
.222( .12977 | .265 | .16666 | .308 | .20553 | .351 | .24593
.223 | .13060 | .266 | .16755 | .309 | .20645 | .352 | .24689
.224 | 13144 | .267 | .16843 | .31 .20738 | .353 | .24784
.225 | .13227 | .268 | .16932 | .311 | .20830 | .354 | .24880
.226 | .13311 | .269 | .17020 | .312 | .20923 | .355 | .24976
.227 | .13395 | .27 .17109 | .313 | .21015 | .356 | .25071
.228 | .13478 | .271 | .17198 | .314 | .21108 | .357 .25167
.229 | .13562 | .272| .17287 | .315| .21201 | .358 | .25263
.23 13646 | .273 | .17376 | .316 | .21294 | .359 | .25359
2311 .13731 | .274 | .17465 | .317 | .21387 | .36 .25455
©.232| .13815 | .275| .17554 | .318 | .21480 | .361 | .25551
.233 | .13900 | .276 | .17644 | .319 | .21573 | .362 | .25647
.234 | .13984 | 277 | .17733 | .32 21667 | .363 ' .25743
.235 | .14069 | .278 | .17823 | .321 21760 | .364 ' .25839
.236 | .14154 | .279 | .17912 | .322 | .21853 .365i .25936
.237 1 .14239 | .280 | .18002 | .323 | .21947 | .366 ' .26032
238 | .14324 | .281 | .18092 | .324 | .22040 | .367 | .26128
.239 | .14409 | .282 | .18182 | .325| .22134 | .368 , .26225
.24 14494 | .283 | .18272 | .326 | .22228 | .369 | 26321
.241 14580 | .284 | .18362 | .327 | .22322 | .37 ] .26418
.242 | .14666 | .285 | .18452 | .328 | .22415 .371i .26514
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TaABLE 13—Continued

Ratio| Area | Ratio] Area | Ratio| Area | Ratio| Area
.372 | .26611 | .405 | .20827 | .438 | .33086 | .471 | .36373
.373 | .26708 | .406 | .29926 | .439 33185 | .472 | .36471
.374 | .26805 | .407 | .30024 | .44 33284 | .473 | .36571
375 .269C1 | .408 | .30122 | .441 33384 | .474 | .36671
376 | .26998 | .409 | .30220 | .442 | .33483 | .475 | .36771
377 | 27095 | .41 .30319 | .443 33582 | .476 | .26871
378 | .27192 | .411 | .30417 | .444 | .33682 | .477 | .36971
379 | .27289 | .412| .30516 | .445 | .33781 | .478 | .37071
.38 .27386 | .413 | .30614 | .446 | .33880 | .479 | .37171
.381 | .27483 | .414 | .30712 | .447 | .33980 | .48 .37270
.382 | .27580 | .415 | .30811 | .448 | .34079 | .481 | .37370
.383 | .27678 | .416 | .30910 | .449 34179 | .482 | .37470
.384 | .27775 | .417 | .31008 | .45 34278 | .483 | .37570
.385 | .27872 | .418 | .31107 | .451 34378 | .484 | .37670
.386 | .27969 | .419 | .31205 | .452.| .34477 | .485 | .37770
.387 | .28067 | .42 .31304 | .453 | .34577 | .486 | .37870
.388 | .28164 | .421 | .31403 | .454 | .34676 | .487 | 37970
.380 | .28262 | .422 | .31502 | .455 | .34776 | .488 | .38070
.39 .28359 | .423 | .31600 | .456 | .34876 | .489 | .38170 -
.391 | .28457 | .424 | .31699 | .457 | .34975 | .49 .38270-
.392 | .28554 | .425 | .31798 | .458 | .35075 | .491 | .38370
.393 | .28652 | .426 | .31897 | .459 | .35175 | .492 | .38470
.394 | .28750 | .427 | .31996 | .46 35274 | .493 | .38570
.395 | .28848 | .428 | .32095 | .461 | .35374 | .494 | .38670
.396 | .28945 429 | .32194 | .462 | .35474 | .495 | .38770
.397 | .29043 | .43 .32293 | .463 | .35573 | .496 | .38870
.398 | .29141 431 | .32392 | .464 | .35673 | .497 | .38970
.399 | .29239 432 | .32941 | .465 | .35773 | .498 | .39070"
.4 .20337 | .433 | .32590" | .466 | .35873 | .499 | .39170 ".
.401 | .29435 | .434 | .32689 | .467 | .35972 [ .6 .| .39270
.402 | .29533 | .435 | .82788 | .468 | .36072 :

. .29631 | .436 | .32887 | .469 | .36172

.404 | .29729 | .437 | .32987 | .47 .36272

8trength of Unstayed Surfaces.
finding the bursting pressure of unstayed flat surfaces,
is that of Mr. Nichols, published in the Locomotive,
February, 1890, and quoted by Professor Kent in his
pocket-book. The rule is as follows: ‘‘Multiply the
thickness of the plate in inches by ten times the tensiie

A simple rule for
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strength of the material used, and divide the product
by the area of the head in square inches.’”” Thus:
Diameter of head = 66 in.
Thickness of head = 34 in.
Tensile strength = 55,000 lbs.
Area of head = 3,421 sq. in.

%% x 55,000 x I0 + 3,421 = 100, which is the number
of pounds pressure per square inch under which the
unstayed head would bulge.

If we use a factor of safety of 8, the safe working
pressure would be 100 + 8 = 12.5 lbs. per square inch,
but as the strength of the unstayed head is at best an
uncertain quantity it has not been considered in the
foregoing calculations for bracing, except as regards
that portion of it that is strengthened by the flange.

In all calculations for the strength of stayed surfaces,
and especially where diagonal crow foot stays are
used, the strength of the rivets connecting the stay to
the flat plate must be carefully considered. A large
factor of safety, never less than 8, should be used, and
the cross section of that portion of the foot of the stay
through which the rivet holes are drilled should be
large enough, after deducting the diameter of the hole,
to equal the sectional area of the body of the stay.

Dished Heads. In boiler work where it is possible to
use dished, or ‘‘bumped up’’ heads as they are some-
times called, this type of head is rapidly coming into
use. Dished heads may be used in the construction of
steam drums, also in many cases for dome-covers,
thus obviating the necessity of bracing.

As there has been a constantly growing demand for
an increase in the power of locomotives, and as the
boiler is the source of power, builders have been con-
strained to change the design of locomotive boilers in
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such manner as would
bring about an en-
largement of both the
heating surface and
the grate area. Con-
sequently the old
wagon top type of
boiler, with the fire-
box down between
the drivers and close
to the track, has been
largely superseded by
the modern straight-
top boiler having a
wide fire-box, which
as applied to freight
engines with low
wheels is usually
above the rear driv-
ers, but as applied to
passenger  engines
with high wheels is
usually behind the
rear drivers and sup-
ported by trailing
wheels, as in ‘‘Atlan-
tic 4-4-2,"" ‘'Prairie 2-
6-2"" and the ‘‘Pacific
4-6-2"' types. The
introduction of the
wide fire-box and
consequent increase
of great area has
made it possible to

79
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burn cheaper grades of coal than was possible with the
older type of boiler. It may be used (with some
modifications) for both soft and hard coal.

Fig. 29 shows a sectional eleva-
tion of a modern locomotive
boiler, and Fig. 30 an end view
of one-half of the flue sheet and
.one-half of the back head.

The staying of the heads and
crown sheet is clearly illustrated.
The general dimensions of the
fire-box at the present time varies
from 8 ft. to 10 ft. 4 in. in length,
with a width of from 40 to 42 in.,
and a depth of 6 to 7 ft. in front,
and 5 ft. 6 in. to 6 ft. 6 in. at the back, the size de-
pending upon the type of engine and the kind of work
it was designed to perform.

The diameter of the barrel ot cylindrical portion of
locomotive boilers built for train service varies all the
way from 60 to 78 in., and some recent splendid exam-
ples of the locomotive builders’ art have boilers 83 in. |
in diameter. t

Figure 30

QUESTIONS

64. What are the four vital organs of a locomotive
boiler?

65. Describe the mud ring.

66. Describe in general terms the fire-box.

67. How are the sides of the fire-box stayed?

68. Describe a stay bolt.

69. How far apart, center to center, are stay bolts
usually spaced?

70. What causes stay bolts to break ?
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71. Why are stay bolts made hollow?

72. Describe the flexible stay bolt.

73. What advantage has a flexible stay bolt over a
rigid one?

74. Is it necessary to strengthen the crown sheet by

stays?

75. Why does the crown sheet need to be supported?

76. Name the three methods usually employed for
staying the crown sheet.

'77. Describe crown bars, and how applied.

78. Why is there a space preserved between the
crown bars and top of crown sheet?

79. How are the crown bolts attached?

80. Why are thimbles placed between the cro-vn bars
and top of crown sheet?

81. Describe the radial system of staying the crown
she€t.

82. What is the principal defect in this system?

83. Describe the Belpaire system.

84. What great advantage has this form of fire-box
over others?

85. Why are crown sheets usually made to slope
downwards from the front to the back end?

86. How are the heads of the boiler usually stayed?

87. What are diagonal crow foot stays?

88. How is the flue sheet braced ?

89. What is a gusset stay, and how is it connected
to the head and shell?

g0. Why should the flue sheet be thicker than the
shell?

o1. What advantage is there in setting the tubes in
vertical rows?

92. What is the usual diameter of locomotive tubes?

93- How are the tubes made water-tight in the sheet?
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94. Describe the Prosser tube expander and method
of using it.

95. Describe the Dudgeon roller expander.

96. How is it used ?

97. What is meant by the expression tensile strength
of a boiler sheet?

98. What is the usual tensile strength of steel boiler
plate?

99. What should be the tensile strength of the rods
from which rivets are made ?

100. What is the shearing resistance of iron rivets?

101. What is the shearing resistance of steel rivets?

102. What is meant by the efficiency of a rlveted
joint?

103. What type of joint should be used for plates 3
in. thick or more?

104. Give the diameter of rivet pitch, and efficiency
of a double-riveted joint.

105. What is the usual efficiency of single-riveted
joints?

106. How should double-riveted joints be designed
in order to obtain the highest efficiency ?

107. Describe a triple-riveted butt joint.

108. How should a triple-riveted butt joint be
designed in order to obtain the highest efficiency ?

109. What is meant by the expression, the unit strip
or net section of plate, as used in calculating the effi-
ciency of a riveted joint ?

110. What is the usual efficiency of the triple-riveted
butt joint?

111. What efficiency per cent does the quadruple-
riveted butt joint show when properly designed?

112. Why is it that the cylindrical portlon of a boiler
does not require to be stayed?
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113. What effect does the pressure inside a boiler
have upon flat surfaces. such as the heads, crown
sheet, etc.?

114. Where is the weakest portion of a crow foot
brace? )

115. How is the area in square inches to be sup-
ported by each stay ascertained?

116. What is the minimum factor for stays and stay
bolts?

117. What two factors govern the pitch for stays?

118. What portions of the heads do not need to be
braced?

119. Is it possible to weld boiler seams?

120. Describe in general terms the modern locomo-
tive boiler.

121. What are the general dimensions of the fire-
box?



CHAPTER 1I1

THROTTLE AND DRY PIPE

~ Having studied at some length the construction of
the boiler and the generation of steam, it is now in
order to examine into the method by which the steam
is conveyed to the cylinders of the engine, where it,
or rather the heat that it contains, performs its work.
The main factors in the transmission of the steam from
the boiler to the interior ‘of the cylinders, and from
there to the open air, are the throttle valve and pipe,
the dry pipe, the steam pipes and passages, the valves
and ports, the exhaust passages and ports, and the
exhaust nozzles.  These will each be described in
regular order, with the exception of the valves and
ports, which will be fully described in the chapters on
valves and valve setting.

The steam dome O, Fig. 6, is a cylindrical chamber
made of boiler plate and riveted to the top of the
boiler, usually directly over the fire-box. The func-
tion of the dome is to serve as a steam chamber that
is elevated as high as possible above the surface of the
water in the boiler, in order that the steam supplied to
the cylinders, all of which is drawn from this chamber,
may be as dry as it is possible to have it.

The steam is conducted from the dome to the cylin-
ders through the dry pipe P-Q-R, Fig. 6, which extends
from the top of the dome to the front flue sheet or
head of the boiler. Connected to the front end of the
dry pipe, inside the smoke box, are two cast iron
curved pipes 1-2, Fig. 31, called the steam pipes,
which conduct the steam to the steam chests, or valve

84



THROTTLE AND DRY PIPE 8s

chests as they are sometimes called. The horizontal
portion of the dry pipe extending through the boiler is

Ficure 31

made of wrought iron, and the vertical portion T, Fig.
6. called the throttle pipe, and which is within the
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dome, is made of cast iron. At the top end of this
pipe, near the top of the dome, the throttle U, Fig. 6,
for controlling the steam, is usually located, although
not always, as it is sometimes placed in the smoke box
at the front end R of the dry pipe.

Formerly the throttle valve was a plain slide valve
that moved upon a seat in which were ports similar in
form to the steam ports in the valve chests, but

Figure 32

smaller in size. The principal objection to this type
of throttle valve for a locomotive was that the pressure
of the steam upon it when closed made it very difficult
to open the throttle gradually, or to regulate or adjust
it while open—two very important points in the opera-
tion of a locomotive. A much better form of throttle
has been largely adopted in late years. This valve is
shown at U, Fig. 6, and on a larger scale by Figs. 32
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and 33, which give a sectional view and a plan of the
throttle pipe, valve, and throttle lever.

The valve V, Fig. 32, is a double poppet valve, hav-
ing two circular disks D and E, which cover two cor-
responding openings in the case C on the end of the
pipe P. When the valve is raised and the disks are
off their seats the steam flows in around their edges, as
shown by the arrows. The disks are not the same

Figure 33

ciameter, the top one being slightly larger. The steam
pressure in the boiler acts upon the top of disk D and
upon the bottom of disk E. If the two disks were
exactly the same in diameter the valve would be bal-
anced, but this is not desirable, as there might thus be
a possibility of its being opened accidentally after the
engineer had closed it.” There is also another reason
why thke lower disk must be smaller in diameter than
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the upper one, viz., that it may be introduced through
the top opening of the casing C, so as to cover the
lower opening. Thére is thus a - slightly greater
pressure on the top surface of the upper disk tending
to keep the valve closed, than there is on the bottom
surface of the lower disk tending to raise the vaive
and open it. This arrangement of the parts causes
‘the throttle to stay:in any position it may be placed,
while at the same time it moves comparatively easily.
The means whereby the throttle is opened and closed
are also shown in Figs. 32 and 33.

The stem W-X of the valve V extends downwards
and connects with the upper arm of the bell*crank B,
Fig. 32. Connected to the lower arm of this bell
_crank, and extending through the back boiler head
into the cab, is a rod R, called the throttle stem. This
rod passes through a steam-tight stuffing box in the
boiler head. The throttle lever Y, Fig. 33, is con-
nected to the throttle stem at L and attached to a link
N-O at O. This link is connected to the boiler head
by a stud and pin at N, Fig. 33. The link is free to
* vibrate slightly, which enables the connection at L to
move in a straight line. This provision causes the
stem R, Fig. 32, to also move in a straight line in the
stuffing box g5, which is very necessary in order that it
may be kept steam-tight. Referring to Fig. 33, which
is a plan view, the throttle lever Y is fitted with a latch
1 that gears into the curved rack 2-3, in order to hold
the throttle in any required position. The latch 1 is
operated by a trigger 4, connected by the rod.

The steam, being admitted by the throttle valve V
into the throttle pipe P, passes on into the dry pipe
P-Q-R, Fig. 6. This pipe, after passing through the
front flue sheet of the boiler, is fitted with a T-pipe,
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ta:sdividing it into two branches to which the steam
pipes are connected. These connections, which are
all within the smoke-
box, are clearly illus-
trated in Fig. 31, to
which reference is
now made.

The steam pipes 1
and 2 are connected
to each of the two
branches of the T-
pipe at their top
ends and to the cyl-
inder castings at their
bottom ends. The steam is thus conducted to the’
valve chests. Flg 31 shows a sectionai view of one
of the steam pipes, 2 on the right and a section of -
one of the exhaust pipes 3 on the left. Thesteam
pipes are exposed to great changes of temperature
as a result of their being within the smoke-box, and
censequently the wide range of expansion and con-
t.cction to which they are subjected renders it very
difficult to keep the joints tight.

Another difficulty is also, generally encountered in
the assembling of the various parts forming
these connections, as, for instance, if the upper end
of pipe 4 in the cylinder casting, Fig. 31, were either
too near or too far from the center line of the engine
it would be necessary to move the end of pipe 2,
either to the right or to the left, in order to bring it iq
line for connecting to 4. It is therefore necessary
that there be a certain degree of flexibility in these
connections, and this is accomplished by the use of
ball joints. Fig. 34 illustrates a ball joint. The end

Figure 34
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of one of the pipes is turned into the form of a sphere
or globe, and the end of the other pipe is formed into
a corresponding concave shape, as shown in Fig. 34.
This form of joint permits a lateral movement in
either direction of the lower end of pipe 2 to bring it
in line with the upper end of pipe 4.

Another and still
better form of flex-
ible joint is illus-
trated in Fig. 35. In
this joint a ring is
interposed between
the ends of the pipes.
One side of this ring
is spherical and the
other side is flat, the
ends of the pipes
being shaped to cor-
respond. With this form of joint the pipes are slightly
adjustable in every direction, and the joints accommo-
date themselves to any and all motion that may be
caused by expansion and contraction.

The exhaust pipes or nozzles are made of cast iron.
Sometimes a single nozzle is used, such as shown in
section in Fig. 36, having a partition at its base. In
other cases two nozzles are used, which are generally
cast together, as shown in section in Fig. 37.

Fig. 38 is a plan view of single and double nozzles.
Rings or bushings are fitted in the outlet openings of
these nozzles for the purpose of reducing their area
and thereby increasing the draft. These bushings are
made of various diameters and are easily removed in
order to substitute others with larger or smaller open-
ings as they may be required. If the exhaust orifice is

Figure 35
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too large the draught through the tubes will not be
sufficient. On the other hand, if the area of the
exhaust opening is reduced too much the back pressure
in the cylinders will be increased, thereby limiting the
power of the engine. It is therefore necessary that

Figure 36 Figure 37

great care and good judgment be exercised in the
adjustment of the exhaust nozzles.

Various devices have been invented for adjusting
the area of the exhaust nozzles while the engine is
working steam, but none has proved to be satisfactory,
and the old method of adjustment when the engine is
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not working is still in vogue. A few of the many
devices that have been invented for regulating the
draft will be described in this connection.

N

Fi1GURE 38:

Fig. 39 shows a form of adjustable nozzle that
appears to have considerable merit. - It is the inven-

FIGURE 3Y

tion of Messrs. Wallace and Kellog, two engineers on
the St. P.,. M. and O. R. R,, and it has been used ta
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some extent on that road, also on the Duluth and Iron
Range R. R. The device is automatic in its operation,
the regulating mechanism being connected to the
reverse lever, or the reach rod, in such a manner that
as the lever is moved from the center notch towards
either corner the area of the nozzle is increased one-
half square inch for each notch. It may be set so that
with the reverse lever in either corner there will be
seven square inches more of nozzle area than there is
- with the lever in or near-the center notch.

E=_J

Ficure 40

The nozzle areas for different. positions of the
reverse lever are as follows: Center notch, 22 sq. in.;
second. notch, 23 sq. in.; fourth notch, 243§ sq. in.;
sixth notch, 25% sq. in.; eight notch, 269 sq. in.;
tenth notch, 2824 sq. in., and in the corner, 2g}} sq.
in. The device is said to work satisfactorily and has
shown a saving in fuel of from $59.00 to $97.00 per
month over the ordinary nozzle.
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Fig. 39 shows a plan and Fig. 40 an elevation, the
cuts being self-explanatory.

The nozzle itself is square, and the adjustment is
caused by two hinged ears which open as the reverse
lever is moved from center towards corner and close
as the lever is hooked back towards the center notch,
so that the more steam that is being used the larger
will be the nozzle area, and vice versa.

The De Lancey Exhaust Nozzle. This is another form
of variable exhaust nozzle, as may be seen by the illus-
trations. It is the invention of Mr. John J. De Lancey,
of Binghamton, N. Y., who describes his device in the
following words:

‘“The abject of my invention is to provide a new and
improved exhaust nozzle for locomotives, serving to
regulate the exhaust of the engines, and thereby regu-
lating the draft in the boiler.

“‘Fig. 41 is a side elevation of the improvement as
applied to a locomotive, parts being broken out. Fig.
42 is an enlarged plan view of the improvement. Fig.
43 is a transverse vertical section of the same. Fig. 44
is a sectional side elevation of the same on the line z =
of Fig. 42, and Fig. 45is a plan view of a modified
form of the plate.

““The improved exhaust nozzle is provided with a
plate B, fitted onto the upper end of the exhaust pipe
C, which may be double, as is illustrated in Fig. 43, or
single—that is, the two exhausts of the engines of the
locomotive running into a single exhaust pipe.

““The plate B is provided with apertures D of the
same size as the apertures at the upper ends of the
exhaust pipe C, so that when the plate B is in a central
or normal position the apertures D of the plate B fully
register with the openings in the end of the exhaust
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nozzle. The plate B is fulcrumed in its middle on
a pin E, projecting from a bar F, supported on brackets
G, secured to the sides of the exhaust pipe C, the said-
plate being held in place on the brackets by nuts H,
screwing on the threaded ends of the said brackets G,
as is plainly illustrated in Fig. 44. The pin E, after
passing through the plate B, also passes a short dis-
tance into the top of the exhaust pipe C, so as to form
a. secure bearing for the plate B. On the top of the
latter, at its sides in the middle, are arranged offsets I,
onto which fits the under side of part of the bar F in
such a manner that the plate B is free to turn on its
pivot E, and at the same time is held securely against
the upper end of the exhaust pipe C to prevent the
plate from being lifted upward by the force of the
exhaust steam.

“From the. plate B projects to one side an arm J,
pivotally connected by a link K with a lever L, ful-
crumed on the outside at the front end of the locomo-
tive ‘boiler, the link K passing through the said front
end.: The lever L is also pivotally connected by a link
N, extending along the outside of the locomotive, with
a lever O, pivoted on the cab of the locomotive and
extending intq the same so as to be within convenient
reach of the engineer in charge of the locomotive.
The'lever O is adapted to be locked in place in any
desired position by the usual arrangement connected
with a notched segment P, as shown in Fig. 41.

‘“When the lever O stands in a vertical position, as
illustrated in the said figure, the openings D in the
plate B fully register with the openings in the exhaust
pipe C. In this position the exhaust steam can pass
freely out of the exhaust pipe C through the smoke-
box and smokestack of the locomotive, so as to cause
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considerable draft in the fire-box of the boiler. When.
it is desirable to increase the amount of draft in the .
fire-box of the locomotive, the engineer in charge of
the locomotive operates the lever O either forward or
backward, so that the lever L swings and imparts a
swinging motion by the link K and the arm J to the
plate B, which latter moves across the top of the
exhaust pipe C, and part of the openings of the latter
are cut off or diminished in size, so that the exhaust of
the engine is retarded, and consequently the draft in
the smoke-box and smokestack is increased, so that a
consequent increase of the draft takes place in the
fire-box of the locomotive.

“‘It will be seen that the two openings in the exhaust
pipe are diminished in size alike by moving the plate
B, and it is immaterial in which direction the engineer
moves the lever O, as the cut-off takes placelelther
way.’

Fig. 46 shows the Canby draft regulatmg appa-
ratus, invented by Mr. Joseph C. Canby of Orange,
Luzerne Co., Pa., and the following description of the
device is fumlshed by the inventor himself:

*“My invention relates to draft-regulating apparatus
for locomotive and that class of boilers; and it con-
sists of a smokestack with an adjustable petticoat or
mouthpiece to equalize the draft through all the flues,
also an arrangement of pipes and valves to introduce
fresh air into the smokestack to check the draft with-
out opening the fire door and letting the cold air in onto
the boiler and tubes, thefeby making a great saving in
the fuel and being better for the boiler and flues.”

Fig. 46 vepresents the front view of the boiler with
the automatic draft-regulator attached. Fig. 47 is a
horizontal section of front of boiler, showing smoke-
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stack and rock shaft. Fig. 48 is a longitudinal section
of the smoke-box and boiler, showing the connection
of the valve N and regulator O and the connection of
arm J to the cab K by the rod R.

A B C represent the sections of the smokestack, or,
as familiarly called, ‘‘petticoats,”” arranged with lugs

FIGURE 46

D on the sides with slides E E, having slots and set
screws F F, by which they are adjusted to the space
required between them, thereby enabling the engineer
to equalize the draft in the fire-box, as experience
shows that when the draft is nearest to the bottom of
the smoke jacket the draft is strongest on the back
end of the fire next the flue, and by decreasing there
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and increasing it in the top flues the draft is made
stronger in the
front part of the
fire-box. This

more nearly 5 A

equalizes  the
combustion of ‘J[

the fuel. The
connecting rods
G G are at-
tached to the Figure 47

lugs H, and the arms S S project from the rocking
shaft I, which is operated by the arm J and rod K,

FiGure 48

which runs to the cab R. By pulling or pushing the
rod K the petticoats are raised and lowered, thus
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increasing and decreasing the distance from the exhaust
nozzle L, thereby increasing or diminishing the draft.
The air tubes M M turn up alongside the exhaust
nozzle L, and are opened and closed by valves N N
on the outside of the boiler. The valves are oper-
ated by a pressure regulator O, so adjusted that they
are opened by the steam when it passes a given pres-
sure. This operates on the crank P and connecting
rod Q to open the valve, thus admitting air to the
smoke-box and decreasing the amount drawn through
the tubes and decreasing the consumption of-the cqal,
and obtaining the full benefit far all fuel consumed
without letting the cold air.in onto the hot iron. By
this means we have the combustion automatically regu-
lated, also obtaining the greatest amount of heat from
the fuel consumed. ’ .

The pettxcoat or draft plpe is a very 1mportant
factor. in the regulation of the draft in a locomo-
tive, so as to have the fire burn equally in all parts of
the fire-box. Sometimes the fire is inclined to burn
the strongest at the back end of the fire-box. This is
caused by the draught pipe being set too low. On the
other hand, if the fire burns the strongest at the front
it shows that the pettncoat pipe is too high and it
should be lowered.

The exhaust nozzles become at times coated with a
hard, gummy substance on the inside, thus decreasing
their area, and the result of this is that the fire is torn
and cut to pieces on account of the too strong draft.
The remedy for this is to ream out the nozzles by
means of a reamer having a long handle whereby it
can be introduced through the stack.

Another device for regulating the draft is used in
the extended smoke-box. This is a diaphragm placed
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at an angle of 20 degrees gsually, althaugh:some high
authorities advocate placing it at 30 degrees. The
gases impinge against the diaphragm, and are thus
impeded in their passage to the stack, the flowsbeing
regulated by means of a diaphragm damper.

One very important requisite for obtaining good
combustion and an even burning fire in a locomotive is
that the exhaust should fill the stack, and not go
through it like a shot out of a cannon, chopping the
fire and carrying with it green coal and a large vclume
of gases that are unconsumed. Close observation and
careful work are needed to guard against the great
waste of fuel caused by an incorrect adjustment-of-the
various factors contained within the smoke-box or
front end.

The raising of the apron or damper on the diaphragm
will give more draft through the top flues and cause
the fire to burn more brightly at the back of the fire-
box, and to lower the apron causes a stronger draft
through the lower tubes and a consequent harder
burning of the fire at the front. In experimenting
along this line, a change of a quarter of an inch ata
time is sufficient until the proper position for the apron
is found.

The following timely observations on the locomo-
tive front end are from the pen of Mr. K. P. Alex-
ander, master mechanic of the Ft. S. and-W. R. R,,
and were published in the May, June and July, 1903, is-
sues of Railway and Locomotive Engineering. By
permission of Mr. Angus Sinclair, editor of that valu-
able journal, the article is here inserted.

“For much of the data used in this paper I take pleas-
ure in acknowledging indebtedness to Prof. W. F. M.
Goss of Purdue University, and committee reporte of
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the Americin-Railway Master Mechanics’ Association
for blue prints, reports, personal information, etc.

e Iroa
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THE “FronT END”

Without presuming to give as much detailed informa-
tion, this article is intended to more completely
embrace the known facts relating to the several parts
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of the front end than any single report that has
appeared.

The ‘‘front end’ includes the diaphragm, the
exhaust nozzle, the exhaust stand, the stack, the petti-
coat pipe, and the netting. These, with the exhaust
jet, constitute an apparatus designed to produce the
maximum amount of draft through the fire with the
minimum of back pressure in the cylinders. The
efficiency of the front end is therefore the greatest
possible ratio of draft to back pressure.

The Diaphragm. The total draft is said to haye three
approximately equal factors of resistance to overcome:
the diaphragm and netting, the flues, and the fire,
grates and ash pan. As the diaphragm (or baffle
plate) absorbs about one-third of the energy of the
exhaust jet, the net efficiency of the front end is evi-
dently increased as the angle of the diaphragm is-
changed from the usual angle of 20 degrees toward a
more horizontal position, or to an angle of probably
25 degrees. Within certain limitations, the front end
is also increased in efficiency by enlarging the area cf
opening under the diaphragm damper. Indeed, it is
said that there are foreign railroads that have in some
manner successfully dispensed with the diaphragm and
yet secured equalization of draft over the entire fire-
box.

The opening under the diaphragm damper must,
however, be of such width horizontally as will allow
of an area of opening equal to the total cross-sectional
area of the opening through the flues, and at the same
time be sufficiently contracted to retard the flow of
gases from the fire-box long enough to consume as
great a per cent of the gases as affecting conditions
will permit. It must also be sufficiently contracted,
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in self-cleaning front ends, to obtain enough velocity
to keep the front clean of sparks. The diaphragm
damper, or movable deflecting plate, must be set at
such height as, with a given angle of the diaphragm,
will produce a slightly stronger draft at the back than
at the front end of the fire-box. The area of opening
under the diaphragm should be greater for slow-burn-
ing than for free-burning coal, as, by diminishing the
.non-effective work that must be performed by the
exhaust jet, the nozzle may be enlarged or a greater
per cent,of its effective energy may be utilized in pro-
ducing draft through the fire.

Draft through the fire in the back end of the fire-box
is increased by increasing the angle of the diaphragm,
or by raising the diaphragm damper, also by about
four horizontal rows of holes punched in the upper end
of the top section of the diaphragm. As the amount
of draft is proportional to the weight of steam ex-
hausted per unit of time, it is believed that differences
"in grate area do not materially change the volume of
gases passing under the diaphragm. Contracted open-
ing under the diaphragm, or through the grates, prob-
ably results in slight cylinder back pressure. When
the area of opening under the diaphragm is enlarged
by raising the diaphragm damper beyond a certain
limit, the angle of the diaphragm must be decreased.
The effect of wings projecting at each end of and below
the diaphragm is to decrease the draft at the side
sheets and to concentrate it along the center of the
fire-box. The length of the horizontal part of the
diaphragm (the distance between the upper and lower
sections) does not affect the draft in either end of the
fire-box.

The most efficient diaphragm should give the fol-
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lowing: most rapid rate of combustion, slightly
stronger draft at the back than at the front end of the
fire-box, sufficiently baffle the flow of gases so as to
result in the most complete combustion that the
affecting conditions will allow, with minimum resist-
ance to the exhaust jet.

Such a diaphragm should have an angle of about 25,
instead of 20 degrees. Just below the arc of a 5-in.
radius bend in the top end of the upper section should
be punched about four horizontal rows of 34-in. holes
with 36-in. centers, extending across the upper section
a distance equal to the distance between the steam
pipe centers at that height. An adjustable damper
should be applied, to regulate the area of opening
through the holes, in order that the proper degree of
draft may be obtained in the back end of the fire-box.
On the back side of both sections of the diaphragm
should be bolted perforated steel plate with £ x 124
in. mesh, set with slots vertical.

The object in increasing the angle of the diaphragm
from 20 degrees (the usual angle) to 25 degrees, is to
diminish the resistance to the exhaust jet. But; with
such a change in angle, the four rows of 34-in holes in
the upper section are necessary -in order to increase
the draft - in the back end of the fire-box as much as
the change of angle increased it in the front end of the
fire-box. The perforated steel plate bolted to tne back
side of the diaphragm very materially assists in break-
ing up the cinders as they strike it at an angle, thus
considerably increasing their facility in passing
through the ‘netting and decreasing the liability of
starting fires. This is equivalent to increasing the
netting area or enlarging the opening of the mesh, and
therefore lessens the total amonnt of work that must
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be performed by the exhaust jet. The horizontal
plate of the diaphragm should always, regardless of
the height of the exhaust stand, for self-cleaning front
ends, be located just under the top flange of the ex-
haust stand. In order to get in sufficient netting for
free steaming this plate should never be set higher
than 2 in. below the center line of the smoke-box, nor
more than 6 in. below the top of the nozzle.

The Exhaust Jet and Nozzle. The most accurate, reli-
able and comprehensive data on the form, density and
efficency of the exhaust jet, is contained in the 1866
report of a committee of the American Railway Mas-
ter Mechanics’' Association, under the chairmanship
of Robert Quayle of the Chicago and Northwestern
Ry. The matter in this paper referring to the exhaust
jet, especially the measurements of vacuum and pres-
sure in stack and front end, is largely based on that
report. ‘

The cross-sectional form of the exhaust jet is influ-
enced by the form and dimensions of the channel sur-
rounding it, even though not in actual contact. Itis
supposed that, in the stack, the vacuum around the
column of the exhaust tends to compact it and thus
prevent contact with the stack until it reaches nearly
to the top of the stack. Whether this is true or not,
personal experiments indicate that when the surround-
ing channel is within a certain distance of a column of
steam issuing from a taper nozzle, the jet is apparently
attracted to and comes in actual contact with the
enclosing channel. Accurate tests made by the Mas-
ter Mechanics’ Association Committee show beyond
question that the exhaust jet does not, and preferably
should not, fill the stack at or near.its base, but that
it comes in contact with the stack only quite near the
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top. The foregoing facts should be remembered in
connection with calculating the diameter of petticoat
pipes. The plan of the angle of the exhaust jet is not
like an inverted frustrum with sides of straight lines,
as is commonly supposed. Its form, between the
nozzle and its point of contact with the stack, is rep-
resented by two slightly concave curved lines. It is
in actual contact with the stack only about 10 or 12 in.

Vacuum gauges (measured in inches of water) show
that the vacuum between the wall of the stack and the
column of the exhaust jet, at a point one-third of the
length of the stack from its top, is 1.50, midway of its
length it is 2.52, and at about 17 in. from its base it is
3.61. At a point midway between the smoke-box cir-
cumference and the nozzle, on a line with the center of
the arch, the vacuum is 2.54.

The pressures in the center of the exhaust jet are, at
about 12 in. above the nozzle, §9.3; 24 in. above the
nozzle, 44.6, and about 6 in. below the top of the arch,
28.5. The'gauge also showed that the pressure dimin-
ished rapidly as it was moved from the center toward
the circumference of the jet, varying in velocity from
576 to 292 ft.. per second. Increasing the number of
pounds of steam exhausted per unit of time, or increas-
ing the boiler pressure, increases the velocity and
diminishes the spread of the jet, resulting in increas-
ing the vacuum.

The direction of the gases in every part of the
smoke-box and stack is from the nozzle tip up toward
the exhaust jet, and not directly toward the stack.
The smoke-box gases and sparks are slightly enfolded
within, but largely entrained by the exhaust jet. The
induced action of the jet is greatest and the intermix-
ing or enfolding action least, at the nozzle. It is
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believed that as the mixing action is increased the
induced action is diminished, with no resulting gain,
and that therefore the more compact the jet the higher
will be its net efficiency.

It is claimed that the efficiency of the jet is un-
changed, providing the weight of steam exhausted per
unit of time is equal, whether the engine is working
at long cut-off with heavy impulses of the exhaust at
long intervals, ci working at short cut-off with quicker
or lighter impulses at shorter intervals. The nozzle
diameter should be as great as affecting conditions will
permit.

Increasing the rate of combustion by undue contrac-
tion of the nozzle or grate area results in considerable
decrease in evaporation per pound of coal. This is
due to back pressure in the cylinders and to excessive
spark losses and incomplete combustion of the gases
in the fire-box. Increasing the rate of combustion per
square foot of grate surface per hour from 61.4 to 240.8
lbs., decreased the evaporative efficiency 19.2 per cent
and increased the pounds of sparks per hour from 46
to 160 lbs.

There is doubt as to whether a splitter or bridge in
the nozzle is of any benefit under any possible condi-
tions. However, apparently good results have been
obtained by enlarging a nozzle equal to the cross-
sectional area of a I{-in. or 34-in. splitter, when such
splitter was placed in the top of the nozzle at right
angle to the partition in the exhaust stand. Any pos-
sible advantage of such a bridge would be its effective-
ness in overcoming the form of the exhaust (in an
exaggerated form represented by the shape of a figure
8) due to the action of the exhaust jet in exhausting
somewhat from side to side instead of exactly vertical,
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this being due to the deflecting influence of the ex-
haust stand partition and the inner angle of the nozzle.

The most efficient form of exhaust nozzle is the
single one, with its interior in the form of a frustrum
of a cone, ending at the top end with a parallel cylin-
der 2 in. long. The distance from ‘the nozzle to
choke of 14-in. stack 52 in. long, on a §8-in. front
end, should not exceed 50 in. or be less than 4o in.,
for maximum efficiency. The distance from nozzle to
top of smoke arch with a 14-in. straight stack 52 in.
long should not be less than 22 in. nor greater than 38
in. The distance from nozzle to top of arch with a
16-in. straight stack 52 in. long should not be less than
28 in. nor greater than 38 in. The distance between
nozzle and choke of stack should be slightly increased
for the highest steam pressure.

The Exhaust 8tand. The cross-sectional area of
choke in each side of exhaust stands (when choked at
all) should at least equal the area of the largest nozzle
that may be applied. Bulged, or pear-shaped, stands
are objectionable on account of interfering with the
free passage of the gases from under the diaphragm
damper. Stands should be not less than 19 in. high.
They should have a partition in them to prevent the
exhaust from one side effecting back pressure in the
other side of the engine, but such partition should not
be less than 8 in. nor more than 12 in. high, and it
should not extend a'greater height than to a’ point
10 in. from the top of the stand.

The Stack. For a 54-in. front end, the highest effi-
ciency is obtained by a tapered stack, tapered 2 in.
per foot, with its smallest diameter a distance of 17%
in. from its base. The greater the height of stack the
greater will be its efficiency. ~ Tapered stacks, whether
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long or short, should equal in diameter at inside of
choke one-fourth of the diameter of the arch. The
diameter of the stack should be diminished as the
nozzle is raised.

Professor Goss gives the following formula for
determining correct nozzle heights. H equals height
of stack, 4 equals distance in inches between center
line of boiler and nozzle, 4 equals diameter of choke
of stack, and D equals diameter of front end.

Formula for Tapered Stacks. When nozzle is below
center line of boiler: d=.25 D+.16 2. When nozzle
is above center line of boiler: d=.2§ D—-.16 &. When
nozzle is on center line of boiler: d=.25 D.

Formula for Straight Stacks. When nozzle is below
center line of boiler: d=(.246+.00123 H) D +.19 4.
When nozzle is above center line of boiler: &= (.246 +
.00123 H) D-.19 4.

The Petticoat Pipe. As a means of increasing the
induced action of the exhaust jet, rather than as a
means of equalizing front and back the draft on the
fire, double petticoat (or draft) pipes add to the effi-
ciency of the front end. When the distance between
the nozzle and the choke of the stack (the top of the
arch, with a straight stack) is not great enough to
make a double pipe practicable, a single pipe is bene-
ficial. The efficiency of the draft pipe is mainly due
to its forming a longer orifice through which the
exhaust must pass, thereby augmenting the induced
action of the exhaust jet by solidifying it, it not being
essential or desirable that the jet come in actual con-
tact with the draft pipe. In fact, the pipe should be
so large that the jet will not touch it.

In a 58-in. front end the best results were obtained
with a 14-in. choke stack, choke 12 in. above top of
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arch, nozzle 45 in. from choke, with a double petticoat
pipe. The highest net efficiency was when the bottom
end was set even with (but none below) the top of the
nozzle. The top end of the upper section was set 13%
in. below the choke of the stack. The total distance
from nozzle to top of upper section, in this position,
was 287 in. The smoke-box.vacuum decreased as the
distance was lengthened to 31 in., and the back pres-
sure in the cylinders increased as the distance was
shortened from 29 to 28 in. The double petticoat pipe
used in above test was of following dimensions: lower
section, 10 in. diameter by 11 in. long; upper section,
13 in. diameter by 10 in. long. The flare on lower sec-
tion was 7 in. high by 17} in. diameter at bottom;
flare on upper section was 2 in. high by 15 in. diameter .
at bottom end.

The Netting. No data is on record of the amount of
resistance to the exhaust jet due to the front end net-
ting, or perforated steel plate. The total area of net-
ting should be as great, and its mesh as large, as
conditions will, with safety, permit, as the open area
is considerably reduced at each impulse of the exhaust
by sparks in process of being broken up sufficiently
small to pass through. = As the direction of the sparks
in the smoke box is from every point toward the
column of the exhaust jet, instead of directly toward
the stack, the netting should be set so that, as nearly
as may be, the sparks will strike it at right angle to
its face.  °

Although some railroads use coarser and some finer
mesh, it is probable that the most preferable is netting
with 224 x 2% mesh No. 10% double crimped steel
wire, or {# x 1% in. perforated steel plate, with the
plate set so that the slots run vertically instead of



112 LOCOMOTIVE ENGINEERING -

horizontally. The chief objection to the perforated
steel plate is that it necessarily contains less open area
in proportion to its closed area than netting. A point
in its favor, however, is that sparks cannot as easily
wedge in the perforations as in the mesh of the netting.”

QUESTIONS

122. What are the main factors in the transmission
of the steam from the boiler to the cylinders?

123. Describe the steam dome.

124. What is the object in placing a dome on a
locomotive boiler ?

125. How is the steam conducted from the boiler to
the cylinders?

126. Where are the steam pipes located?

127. Where is the throttle usually located ?

128. Describe the old style of throttle.

129. What was the objection to such a throttle?.

130. Describe in general terms the modern improved
throttle.

131. Why is the lower disk smaller in diameter than
the upper one?

132. What kind of a joint is used for connecting the
steam pipes to the dry pipe within the smoke-box ?

133. Describe a ball joint.

134. What other kind of joint is often used for mak-
ing these connections?

135. What are the exhaust nozzles?

136. Why are rings or bushings usually fitted in the
outlets of exhaust nozzles?

137. If the exhaust orifice is too large, what is the
result?

138. What is the effect upon the fire if the exhaust
outlet is too small?
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139. What is an adjustable exhaust nozzle?

140. What is the function of the petticoat, or
araft pipe?

141. If the draft plpe is set too low, how is the
fire affected?

142. If the fire burns too strong at the front, what
should be done with the draft pipe?

143. Why is it necessary to ream out the exhaust
nozzles at times?

144. What other device for regulating the draft is
placed in the extended smoke-box?

145. At what angle is the diaphragm usually placed?

146. What effect does this have upon the gases on
their way to the stack?

147. How is regulation of the draft accomphshed
with the dlaphragm ?

148. What is a very important requisite for good
combustion in a locomotive fire-box ?

149. How does the raising of the apron or damper
of the diaphragm affect the burning of the fire?

150. How will the fire be affected if the apron is
lowered ? :

151. How much should the apron be moved up or
down at a time, when making adjustments for draft?



CHAPTER IV
VALVES AND VALVE GEAR

In a certain ‘“‘catechism’’ of the locomotive the fol-
lowing question and answer appear: ‘‘Q.. What is a
locomotive? A. A locomotive is a boiler and two or

more engines mounted on wheels.”” This answer,
while not very definite, is certainly ‘‘short and to the
point.”’

Two types of locomotive engines are in use, viz.,
simple and compound.

A simple engine, whether stationary or locomotive,
is an engine in which the steam is made to do work in
but one cylinder, after which it is exhausted into the
atmosphere, or, as is the case with many stationary
engines, the exhaust steam passes into a condenser in
which a vacuum is maintained, and the steam is there
condensed.

A compound engine is an engine in which the steam
is made to do work in two or more cylinders before it
is allowed to escape into the atmosphere or condenser.
1he expansive properties of the steam are thus utilized
i a much higher degree than with the simple engine,
and great economy in fuel is the result.

As an entire chapter is devoted to compound loco-
motives, the subject will not be enlarged upon at this
stage, but the attention of the student will now be
directed to a study of the valves, valve gear, etc., of
a simple engine.

In Fig. 31, Chapter III, is given a sectional view
through the smoke-box, saddle plate and cylinder
castings of a simple engine, having a flat or D slide

114
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valve. Figs 49 and 50 show respectively a front end
view of the cylinder, valve chest and saddle plate cast-
ings, and a section through the same parts showing the
steam and exhaust passages. These castings require
to be of the best grade of iron, neither too soft nor too

Ficure 49

Cylinders and valve seats are generally cast together
vith the bed plates or bed castings A A, Figs. 49 and
50. Sometimes the bed castings are made separate
from the cylinders and in one piece, and the cylinders
are then bolted to it about at the line B C, Fig. 49.
fhe usual practice, however, is to cast one-half of the
ped casting with each cylinder and then bolt the two
ha'ves together at the line D D, this being the center
line of the engine.
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The bed castings are secured to the smoke-box by
bolts through the flanges E E, and the cylinders are
bolted to the frame F F by bolts G and H, Figs. 49
and 50. A structure is thus formed that is able to
withstand the tremendous strains to which it will be
subject. :

By reference to Fig. 50 it will be seen that there ar

FiGUre R0

two passages in the bed casting leading to the cylin.
der. The one L Sis the live steam passage, and to
this is connected the steam pipe 84, Fig. 31, Chapter
I11, and the other one x x is the exhaust passage lead-
ing from the cylinder to the smoke-box where the
exhaust nozzle is attached.

Fig. 51 gives a longitudinal sectional elevation of
the cylinder, valve chest. valve, etc.. showing the
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steam passages more clearly. Fig. 52 is a plan of the -
cylinder and guides and shows the valve seat with its
ports, the steam chest cover and valve being removed.
The steam passage A on approaching the steam chest
is divided into two branches, which terminate in open-

¥IGUrRE 51

ings B B at each end of the valve seat (see Figs. 51
and 52). This causes the steam to be delivered at
both ends of the steam chest and on top of the slide
valve, which covers the ports P P and the exhaust port
z z when in its central position (see Fig. 5I).

The stcam chest is a square cast iron box open at
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Figure 52
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top and bottom and resting upon the top of the cylin-
der casting. The steam chest cover rests on top of
this box and the whole is held down upon the cylinder
by strong bolts K K, Fig. 49, forming a steam-tight
joint, and within this valve chest the slide valve per-
forms its important work.

The invention of the D slide valve in its present
form is the result of the investigations of Murdoch, who
was an assistant to James Watt, the man who con-
tributed more than all others towards the development
of the steam engine and its practical application. No
young man who aspires to become a locomotive engi-
neer should rest satisfied until he has obtained a
thorough knowledge of the construction, operation,
and adjustment of the slide valve. Many have been
the efforts made to displace it with other types of
valves, and while no doubt in stationary work other
forms of valves may be better adapted to the condi-
tions, yet the slide valve in some form or another still
holds its own with the locomotive.

The functions that a slide valve must perform in
order that the engine may do efficient work are five in
number, and they are as follows: First, it must admit
steam into one end only of the cylinder at the same
time. Second, it must cover the steam ports so as not
to permit the passage of live steam through both steam
ports at the same time. Third, it must allow the
steam to escape from one end of the cylinder before it
is admitted at the other end, so as to give the steam
that is to be exhausted time to escape before the pis-
ton commences the return stroke. Fourth, it must
not permit live steam to enter the exhaust port direct
from the steam chest. Fifth, it must close each steam
port on the steam side before 4t is opened on the
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exhaust side; this is for the purpose of utilizing the
expansive force of the steam.

Figs. 53 to 58, inclusive, show the general construc-
tion of the D slide valve and illustrate the various
positions assumed by it during one stroke. Fig. 53

Figure 53

shows the valve in its central position and explains
the meaning of the word lap. Outside lap, often
refcrred to as steam lap, is the distance that the edge
of the valve overlaps the steam ports when it stands
tentral or at mid-travel, and is that portion of the

Ficure 54

valve marked L and indicated by the distance between
the lines O P. Inside lap, frequently referred to as
exhaust lap, is that portion of the valve that overlaps
the two bridges of the valve seat when the valve stands
central, and is showrt at A and A, Fig. 59.
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Inside clearance, sometimes called exhaust lead, is
the space between the inside edges of the exhaust arch
of the valve and the bridges when the valve stands
central. It means just the reverse of inside lap; that
i< the distance between the inside edges of the exhaust

- FIGURE 55

arch is slightly greater than the distance between the
inside edges of the steam ports, so that it does not
entirely cover them when in its central position.
Inside clearance is shown at B and B, Fig. 60. The
purpose of inside lap is to delay the release of the

Ficure 56

steam and to hasten compression. The amount of
inside lap is small, seldom exceeding 6 of an inch,
and for fast passenger engines it is better to have
none, as it causes the engine to be quicker. The pur-
pose of inside clearance is exactly the opposite to that
of inside lap. It hastens release and delays compres-
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sion. It rarely exceeds ¢ of an inch, and is only used
on very fast running engines. Good judgment and
great experience are required in order to determine
the proper amount of inside clearance and upon what
classes of locomotives it should be used.

In locomotives for ordinary service the valves have
no inside clearance. Cut-off, Fig. 54, refers to the
closing of the steam port by the valve, thereby cutting
off the flow of live steam to the cylinder before the
piston has completed its stroke. Compression refers
to the early closure of the passage between the cylin-
der and the exhaust port. This point is reached when
the inside or exhaust edge of the valve has closed the
steam port, as shown in Fig. 55, wherein the valve is
assumed to be traveling in the direction indicated by
the arrow. A small portion of the steam is thus re-
tained in the cylinder to be compressed by the advanc-
ing piston, which thus meets with a slight cushion at
the end of its stroke, and all shock and jar is thus
prevented. Release occurs when the exhaust edge of
the valve opens the steam port and allows the steam
that has completed its work in the cylinder to escape
into the exhaust port, as shown in Fig. 56.

Lead, otherwise called steam lead, is the amount of
opening given to the steam port by the valve for the
admission of live steam to the cylinder when the pis-
ton is at the commencement of its return stroke. The
lead is indicated by the letter A in Fig. 57.

Travel is the distance through which the valve
travels, otherwise its stroke. Over travel is the dis-
tance the steam edge of the valve travels after the
steam port is wide open, indicated by distance between
lines O and T, Fig. 58.

The objects aimed at in giving a valve outside or
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steam lap are: First, that the steam may be cut off
before the piston reaches the end of its stroke, and the
steam thus enclosed within the cylinder be made to do
the work throughout the remainder of the stroke by
reason of its expansive properties, and secondly, it

Figure 57

causes the exhaust port at one end of the cylinder to
be opened before the steam port at the other end is
uncovered for the admission of steam. If a valve had
no outside lap it would admit steam throughout the
whole stroke, or in other words, ‘‘follow full stroke."

Figure 58

Another bad effect of no lap would be a late exhaust,
by which is meant that the exhaust would occur at one
end of the cylinder at practically the same moment
that admission occurred at the other end. This would
have a tendency to retard the motion of the piston.
The term clearance, as applied to a locomotive,
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means all of the space between the face of the valve
and the piston when the latter is at the end of its
stroke. Mechanical clearance means the distance
between the cylinder head and the piston when at the
end of its stroke.

Ficure 59

The object of giving a valve lead is that the steam
port may be opened slightly for the admission of live
steam just before the piston reaches the end of its
stroke, in order that there may be a cushion of steam
to receive the piston and reverse its motion at the end

Ficure 60

of the stroke, thus making the engine quicker in its
action. Lead increases on a locomotive as the cut-off
is made earlier or shorter, which is done by bringing
the reverse lever nearer the center notch of the quad-
rant. The increased lead is caused by the radius of
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the link. This will be explained later on, towards the
close of this chapter.

The term valve gear, as applied to a locomotive,
includes eccentrics, rods, links, rockers, etc., by which
the valves are given motion and by which their move-
ments are regulated and controlled. As it is very
necessary that a locomotive should be capable of being
moved by steam either backward or forward, a revers-
ible valve gear is required. Various devices have been
invented for this purpose, but the shifting link motion
has, after many years’ trial, been found to be the most
reliable and best and is to-day the standard in this
country. : :

Fig. 61 shows a general view of the valve gear of
one side of a locomotive. The center of the go-ahead
eccentric is shown at A, and the center of the back-up
eccentric is at B. The eccentric straps are shown con-
rected to the eccentric rods, or blades as they are
usually termed, and these in turn are attached to the
link, the go-ahead eccentric being connected to the
top end of the link and the back-up eccentric to
the bottom end. The link saddle Sis a plate span-
ning the center of the link and securely bolted to it.
Upon the saddle a pin is formed, to which the lower
end of the link hanger is connected, the top end of
the hanger being attached to the shorter arm of the
tumbling shaft, while the other arm of the tumbling
shaft is connected to the reversing rod which extends
back to the cab and is connected to the reverse lever.

The link and ends of the eccentric rods connected
to it are thus supported and are also free to be moved
either up or down by means of the reverse lever. The
link block, upon which the link slides freely, is
attached by a pin to the lower arm of the rocker shaft,
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and the valve rod is connected to the top arm of the
rocker. The rocker shaft rotates in the rocker box,
which is rigid, and the motion of the eccentric is thus
indirectly imparted to the valve; that is, the motion
of the eccentric is reversed by the rocker arm. This
is termed indirect valve gear and is the standard type
in this country, although there are some engines fitted
with direct valve gear in which both arms of the
rocker shaft extend upwards, or in the same direction,
in which case the motion is not reversed.

The valve is connected to the valve stem usually by
a yoke or frame that loosely embraces the top of the
valve which is formed to receive it. This allows the
valve to change its position vertically, with respect to
the valve stem, as the face of the valve and the seat
wear away. Sometimes the valve is secured by nuts that
engage with a thread on the stem. In any case it is
essential that the valve should have a small amount of
freedom in its connection with the stem in order to
guard against its becoming cocked or tilted on its
seat, thus allowing the steam to blow past it.

The cut Fig. 61 shows the link in full forward gear;
that is, the full throw of the go-ahead eccentric A
; affects the link block and rocker arm and through
these the valve. By throwing the reverse lever back
into the extreme back notch of the quadrant the link
will be raised until the pin that connects the lower or
backing eccentric blade to the link will be in line with
the pin of the link block, which will then be affected
by the full influence of the back-up eccentric B, and
the engine will run backward.

It has been previously stated that the lead was
increased by bringing the reverse lever nearer the
center notch of the quadrant, or in common phrase-
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ology ‘‘hooking her back,’’ in order to cause cut-off to
take place earlier, and that the increase in lead was
due to the radius of the link. The radius of the link
is the distance, on a horizontal line, from the center
of the main driving shaft, which carries the eccen-
trics, to the center of the rocker shaft. Ordinarily an
increase in the lead is obtained by moving the eccen-
trics ahead on the shaft, but in this case the eccentric
straps are moved back on the eccentrics by raising the
link, as will readily be seen by a study of the diagram,
Fig. 61. The nearer the center of the link—that is, the
center of the saddle pin—is brought to the center of
the link block, the more are the eccentric straps moved
back upon the eccentrics and the shorter will be the
cut-off and the greater the lead.

With locomotives having very long eccentric blades
there will not be such a marked increase in the lead as
with those having very short blades, for the reason
that the short rods will cause the straps to move
farther around and back on the eccentrics by raising
the link to which the ends of the rods are connected,
whereas if the rods were longer their ends at the link
could be raised considerably and still not materially
affect the positions of the eccentric straps. This
would indicate that in setting the valves of a locomo-
tive, when it comes to adjustments for lead, attention
should be paid to the radius of the link, which, as
before stated, is the distance from the center of the
main driving shaft to the center of the rocker shaft.

Authorities differ in regard to the amount of lead
that locomotive valves sheuld have at full gear. The
older practice was to give an eighth of an inch, but of
late years the tendency has been to cut itdown to a six-
teenth, or a thirty-second, and some authorities recom-
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mend even negative lead, which means no lead at fuli
gear. They claim that too much lead is detrimental
to an engine, causing more wear and tear to the valve
gear, also that the preadmission of steam is too great
at mid-travel. With a 4-ft. radius the valves should
be set line and line, (no lead) forward and back gear.
With a 6-ft. radius one-sixteenth of an inch is required,
and with a radius of 8 ft. the valves should have one-
eighth of an inch positive lead forward and back gear.
The travel of the valve is also reduced by hooking the
reverse lever back from either full gear towards the
center notch of the quadrant.

QUESTIONS

152. What is a simple engine?

153. What is a compound engine?

154. Why is a compound engine more economical in
fuel than a simple engine is?

155. Describe the saddle plate of a locomotive.

156. How is this casting secured to the smoke box?

157. What supports the cylinders?

158. How does the steam pass from the steam plpes
in the smoke-box to the valve chests?

159. Describe the steam chest.

160. Who invented the D slide valve?

161. How many functions must a slide valve per-
form?

162. What is the first of these?

163. What is the second function?

164. Describe the third function.

165. What must the valve do in the fourth function?

166. What is the fifth function of the slide valve?

167. What is outside lap?

168. What is inside lap or exhaust lap?
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169. What is inside clearance or exhaust lead ?

170. What is the purpose cf inside lap?

171. How much inside lap is usually given a loco-
motive slide valve?

172. What is the purpose of inside clearance?

173. What class of engines is it used on?

174. Do the valves of locomotives in ordinary serv-
ice have or need inside clearance?

175. What is meant by cut-off, as applied to a slide
valve ?

176. What is compression ?

177. When does compression begin ?

178. What advantage is there in compression?

179. When does release occur?

180. What is steam lead ?

181. What is meant by valve travel?

182. What is over travel ?

183. What are the objects aimed at in glvmg a valve
lead?

184. What would be the result if a valve had no
lead ?

185. Name another bad effect that would occur if a
valve had no lead?

186. What is meant by clearance?

187. What is mechanical clearance?

188. What causes the lead on a locomotive valve to
increase when the reverse lever is hooked back towards
the center notch?

189. What does the term valve gear include, as
applied to a locomotive?

190. What kind of a valve gear does a locomotive
require ?

191. Why are two eccentrics needed on each side of
a lecemotive?
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192. What is the link saddle?

193. How is the link and the ends of the eccentric
rods that are connected to it supported?

194. For what purpose is the link block ?

195. What is an indirect valve gear?

196. What is a direct valve gear?.

197. How is the slide valve usually connected to the
valve stem?

198. What other method is sometimes used?

199. Why should a slide valve have a small amount
of freedom in its connection?

200. What effect does it have upon the cut-off when
the reverse lever is brought back towards the center
notch?

201. What is the radius of the link?

202. Explain why it is that when the reverse lever
is hooked back the lead increases.

203. How does this affect locomotives having long-
eccentric blades?

204. About how much lead is usually given an
engine at full gear?

205. How should the valve be set when the radius
of the link is 4 ft.?

206. What should the lead be with a 6-ft. radius?

207. How much lead should be given the valves
when the radius is 8 ft.?

208. How is the travel of the valve affected by
hooking the reverse lever back?



CHAPTER V
VALVE SETTING

As considerable time has been devoted to a study of

the mechanism by which the valves of a locomotive
arc operated, it is now in order to take up the subject

of valve setting, a subject which every young man
who is ambitious to become a successful locomotive
engineer should endeavor to thoroughly familiarize
himself with. In fact, such knowledge is becoming
more and more a necessity each year. This is indi-
cated by the increasingly rigid examinations to which
applicants for promotion from firemen to engineers are
subjected.

The correct setting of the valves of a locomotlve
means that the adjustment of the positions of the
eccentrics on the: driving axle and the lengths of the
eccentric blades, valve rods and valve stems is such
that each valve wil! give the required distribution of
steam to the piston that it is to serve. This has
already been explained under the heading, Function
of the Slide Valve. As the great majority of locomo-
tives are equipped with indirect link valve gear, atten-
tion will now be directed to the setting of valves
operated with this type of valve gear. One of the first
things to be done is to see that the driving wedges are
properly adjusted, also that the main rod keys at both
ends are correctly tightened. It is also well to see
that the eccentric rods are connected in the right way,
which means the go-ahead eccentric rod to the top end
of the link and the back-up eccentric rod to the bot-
tom end of the link.

DR
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Don’t forget that with the indirect link motion the
eccentric that controls the valve always follows the
crank pin. That is,”when the pin is on the forward
center, for instance, the body of the go-ahead eccentric
will be above the axle and that of the backing eccen-
tric will be below, and both eccentrics will be advanced
towards the pin sufficient to overcome the lead and lap
of the valve. This is termed angular advance of the
eccentric. The eccentrics should be placed as near as
possible in these positions and the set screws slightly
tightened. Of course the' positions of the eccentrics-
can only be guessed at on the start. Theit correct
positions on the driving shaft can only be arrived at
after the dead centers have been located. The reverse
lever should also be tested to see that the latf:h will
enter each extreme notch.

The next most important proceeding is to get the
port marks properly locatéd on the valve rod. This,
of course, must be done while the steam chest cover is
off. The valve stem key should be examined to see
that it is securely tightened. Next exdmine the back
end of the valve rod and see that it will connéct with
the rocker arm without cramping or twisting the vaive
stem, which would be liable to throw the ends of the
yoke up or down, thus cramping the valve. As the
steam chest cover is off, the chest itself should be
firmly clamped to the cylinder by screwing some of the
nuts down upon washers or bushings, being careful not
to mar the copper joint on top of the chest. The
valve stem gland should be in place and the valve rod
connected up in order to keep the stem at its proper
height, as any variation in the height of the stem will
cause an error in the use of the tram. If there is any
lost motion between the valve and the valve yoke (and
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there should be a little), it should, while getting the
port marks, be taken up by the use of liners between
the back of the valve and the yoke, as shown at A in
Fig. 62. Next move the valve back just far enough
to permit-a piece of thin tin to be inserted between
the edge of the forward port and the forward edge of the |
valve at point V. The valve is now in the correct
position for the forward port mark to be placed upon
the valve rod; so with a prick punch make a small cen-
ter at C on the cylinder, and from this point with the
valve tram, as shown in the cut (Fig. 62), scribe the
line F on the valve rod. Next remove the liners and
place them at the front of the valve at A, Fig. 63, and

FiGUrRe 62

move the valve ahead far enough to allow of the
insertion of the piece of tin between the edge of the
back port and the back edge of the valve, as shown at
V, Fig.63. Now take the tram and from point C scribe
the line B on the valve rod. Next, using.a box square,
scribe a parallel line on the valve rod, and at the two
points where lines F and B intersect the parallel lines,
make two small centers. Center F is the forward port
mark and center B is the back port mark.

The mid-travel or central position of the valve on its
seat should also be marked, which is done in the fol-
lowing manner: With a pair of dividers find the exact
center between points F and B and at this point make

another small center M, Fig. 63. This point will rep-
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resent the central position of the valve. The points F
and B indicate the points of admission and cut-off, and
the distance from F to M or from B to M equals the
lap of the valve. If the valve has neither inside lap
nor inside clearance the point M will represént the
points of both release and compression. If the valve
has inside lap or inside clearance it will be necessary
to locate two additional points on the valve rod.
These points may be found in the following manner:
Set a small pair of dividers to a distance equal to the
inside lap or inside clearance, whichever the valve
has, and from the center M describe a small circle, and
the two points where the parallel line on the valve rod
bisects this circle will indicate the points of release if

it is inside clearance or of compression if it is inside
lap. These two points are very seldom used in
practice, but if, owing to the construction of the valve,
it should become necessary to use them it should
always be remembered what they represent, whether
inside lap or inside clearance.

The next important move in valve setting is to find
the four dead centers. It-is very important that the
dead centers be accurately located. Although the
crosshead moves very little while the crankpin is near
the dead center, yet the valve is moving at nearly its
greatest speed, being at about half travel, and a very
slight error in locating the dead centers will seriously
affect the accuracy of the whole work.
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The term dead center is commonly token to mean
that the driving wheels are in such a position that the
centers of the driving axles and the centers of the
crankpips are in a horizontal line, but this is not always
the dead center. Theoretically the term implies that
the center of the crosshead pin, the center of the
crank pin, and the center of the driving axle be exactly
in line, regardless of whether that line be horizontal
or inclined. Therefore the crankpin must pass two
dead centers in each revolution, viz., the forward dead
center and the back dead center. Consequently there
are in locomotive valve setting four dead :enters to be
located and marked: first, the right forward dead cen-
ter; second, the right back center; third, the left for-
ward center, and fourth, the left back center. It
makes no particular difference which center is found
first, but for convenience the right forward center may
be taken. Of course finding the dead centers of a
locomotive implies that ¢he driving wheels are to be
revolved more or less. This means that the engine
must be pinched ahead or back as required, which
involves considerable labor on the part of helpers, as
many an engineer who has served an apprenticeship in
the shop can testify. Many well conducted shops are
equipped with roller devices of various designs which
are placed under the drivers to be revolved. Such a
machine is illustrated in Fig. 64. It may be operated
by one man by means of the lever shown. In some
up-to-date shops the rollers for moving the drivers are
operated by small air engines.

And now to find the right forward dead center.
Turn the driving wheels forward until the crosshead is
within an inch of the forward end of the stroke, as
indicated in Fig. 65. Then, having first examined the
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wheel cover to see that it is securely fastened, make a
center at any convenient point on it, as at C; also
make a center at point F on the forward guide block.
Now, using a short tram called a cross head tram,
describe from point F an arc G on the cross head; also

FiGUure 64

with one point of a longer tram, called a wheel tram,
set in center C describe the arc A on the tire of the
wheel. Next turn the wheel ahead as indicated by
the arrow until the cross head has passed the limit of
its forward travel and has receded on its return stroke
far enough to.bring the arc G a short distance back of
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the point of the tram, one point of which is set in
center F. Now reverse the motion and pinch the
wheels slowly backward until the arc G comes directly
under the point of the tram. Then stop, and with the
wheel tram set in center C scribe an arc B on the tire,
as indicated in Fig. 66. Now with a pair of hermaph-
rodites describe the arc: D E on the tire, and at the
points where the lines A and B intersect arc D E make
small centers, and with a pair of dividers find the exact
center between these two points. This center is indi-
cated in the cut (Fig. 66) by the letter H. This point
is the dead center, and a small circle should be drawn
around it to distinguish it from the other centers.

Perhaps the query might arise in the mind of the
student, why is it that in turning the wheels ahead
until the pin had passed the center they were turned
far enough to bring the cross head back of the position
it was in when arc G was scribed? The answer is, that
when arc G was scribed the pin was pushing the cross
head forward and all the lost motion between pins and
brasses was taken up in that direction. . If, after the pin
had passed the center and the crosshead was traveling
back, it had been stopped at arc G, the lost motion
would have been taken up in the other direction, for
the reason that the pin was now pulling instead of
pushing the crosshead. The result of this would have
been an error in the location of the arc B and also of
the point H. But by pulling the crosshead back past
arc G and then reversing the motion and allowing the
pin to push the crosshead until the dead point H was
located, the lost motion was taken up in the same
direction as when arc G was first drawn.

Having now found the dead center at point H, the
next move is to throw the reverse lever into the
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extreme back notch, so as to take up all the lost
motion in the valve gear while backing up. Now
start to pinch the engine back, and with one point of
the wheel tram in center C, watch the center H and
when it comes exactly under the other point of the
tram, stop. The engine is now on the right forward
dead center, and a vertical line should be scribed on
the guides exactly in line with the front end of the
crosshead. This line indicates the extreme forward’
travel of the crosshead, and i: is important that it
should be placed there.

While the engine is in the position it now is, that is,
on the right forward dead center, and the valve gear
in the backward motion with all the lost motion taken
up in that direction, take the valve tram and from
pomt C, Fig. 62, scribe an arc on the valve rod, start-
ing slightly above the parallel line and extending con-
siderably below it. The distance of this arc, measured
on the parallel line from center F, indicates the posi-
tion of the valve, as regards lap or lead for backward
motion. The reason this arc is drawn below the line
is that the back-up eccentric is moving the valve, and
by having the arc below the parallel line it is éasily
distinguished from the other arc soon to be scribed for
the forward motion. Now pinch the wheels back until
the crankpin is about 6 in. above the dead.center.
Then put the reverse lever in full forward motion and
pinch ahead until the pin is again on the forward dead
center, and with the valve tram again set in point C
scribe another arc on the valve rod, this time extend-"
ing above the parallel line. The distance this arc is
ahead or back of the pomt F indicates the amount of
lap or lead the valve has in the forward motion, when
the crankpin i$ at right forward dead center.
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Before making any adjustments, go round to the
left side of the engine and find the left forward dead
center; also mark the left valve rod for both forward
and back motion in the same manner as the right valve
rod was marked. Having completed the location of
the forward dead centers for both sides, the next move
is to start on the right-hand side again, and pinch the
engine towards the right back dead center, which is to

RIGHT HAND ‘/—ﬁ—j
t :- 6 M _F _6|" Y l
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be found in the same manner as the forward one was.
Next find the left back dead center, marking the valve
stems and crossheads in both instances exactly as
before.

The valve rods will now show a marking similar to
that illustrated by Fig. 67, with the exception that tne
figures may not coincide, as the figures shown in Fig
67 are merely assumed for purposes of explanation.
As before stated, the arcs which have been scribed
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across the parallel lines indicate by their position
relative to the port marks F and B whether the valve
has lap or lead at either dead center. If an arc comes
between the port marks it indicates lap, if outside it
- indicates lead. Referring to Fig. 67, the two forward
motion arcs on the right side valve rod, which are
distinguished from the back motion marks by being
above the parallel line, show that the valve has X4-in.

lead at the forward port mark and gg-in. lap at the-

back port mark.

When the valve tram reaches from center C to either
center B or center F, it indicates that the valve is at
the point of cut-off, and since the valve is to travel
equal distances each way from these points, it follows
that by measuring the distance from B or F to the
arcs, it may be determined how much and whether to
lengthen or shorten the eccentric blades. First take
the right forward motion. The distance from F to
the mark above the line is ¥4 in., and from B to the
mark for back motion is 4% in., therefore the length of
the right forward motion eccentric blade must be
changed so as to equalize these distances, and the
point to be determined is, shall it be lengthened o*
shortened? This can be done in the following man-
ner: Take a small pair of dividers and find the exact
center between the two tram marks above the parallel
line. If this center is ahead of center C the eccentric
blade must be shortened, if back of it the blade must
be lengthened. If the engine has a direct valve
motion, this rule is to be reversed and the adjustments
made accordingly.

The next point to be determined is, how much shall
the blade be lengthened or shortened? A good rule
to follow in this instance is this: When the arcs on

.
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the valve rod are both back (1 both ahead of the port
marks F and B, the lengtli of the eccentric blade
should be altered an amount equal to cne-half the sum
of the distances between the port marks and the arcs,
or if one arc is back and the other is ahead of their
respective port marks, the length o/ the blade should
be changed an amount equal to one half the difference
of the distances between the port snarks and the arcs.
In this particular case the valve bas traveled too far
back, as shown by the I{-in. lead on the forward port
mark and the 4-in. lap on the back port mark.
Therefore the blade must be shortened one-half the sum

of these distances, or —Z—:-i‘-,a ,', in. This will square

the valve for right forward motion, or in other words
equalize its travel in either direction from mid posi-
tion, as may be proved by the following simple calcu-
lation. The valve had ¥ -in. lead at the forward port
mark, the eccentric blade is shortened ¢ in., thus
bringing the point of the tram that much nearer to F.
Then I - 4% =% in., which is now the lead at the
forward end. At the back end, instead of lead, the
valve had % in. lap.

After the blade is shortened ¥ in. it will be found
that the valve has been moved that distance ahead
from its former position. Then by deducting the
in. lap from 4% in. change it will be found that the
- valve has ¢ in. lead at the back end also. It may be
assumed that the valvesare to have g% in. lead when in
full gear, and as the valve under consideration now has
5 in. at both ends, it will be necessary ta reduce it by
turning the eccentric back upon the shaft. However,
no changes should be made until all the tram marks
on both sides of the engine have been examined and a
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memorandum made of the changes required, as, for
‘nstance, R. F. Ecc., shorten blade % in., ¥ in. lead
off.

The tram marks for the right backward motion
should be examined next. These marks are below
the parallel line, and measurements’ show that. the
valve has i in. lead at the forward end and  in. lap
at the back; therefore the blade of the right back up
L "'2’1‘ = ¢ in.
This will square the valve for right backward motion,
but it will still have gy-in. lap at both ends, when g-in.
lead is required; therefore the eccentric must be
turned ahead. These changes should be noted down
as follows: R. B. Ecc., shorten blade ¢ in., ¢-in.
lead on.

1f the upper and lower rocker arms are of the same
length the figures for changing the length of the eccen-
tric blades will be all right, but if, as is often the
case, the lower arm is shorter than the upper one, the
length of the blades will not need to be changed quite
as much as is indicated by the marks on the valve rod.
But it will be assumed in this instance that the arms
are of equal length, and the lengths of the eccentric
blades for the right-hand side may be adjusted accord-
ing to the above figures.

Next go to the left-hand side. By reference to Fig.
67 it will be seen that the valve has ¢%-in. lap on the
left forward motion in front and ¢g-in. lap behind. In
this instance the valve has not traveled far enough
back, therefore the blade must be lengthened one-
Te— 3%

2
¢ in. This will equalize the lap at both ends, making

eccentric must be shortened thus,

half the difference between these distances or
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it now g% in., and in order to obtain the 4-in. lead
desired it will be necessary to move the eccentric ahead
on the shaft an amount sufficient to overcome the
¢i-in. lap plus ¢-in. lead, a total of & in. This is to
be noted down as follows: L. F. Ecc., lengthen blade
&t in., &-in. lead on. ‘
Examination of the two left back motion marks
shows that the valve has 34-in. lead at the back and
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,~in. lead in front. Therefore the back up eccentric
iade should be lengthened i +23A’= 3} in. This will
give the valve }3-in. lead at both ends, but as yy-in.
lead is all that is required, it will be necessary to turn
the eccentric back on the shaft far enough to over-
come }} in. of this surplus lead. Note this down

also as follows: L. B. Ecc., lengthen blade }} in., }}
in. lead off.
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The lengths of all the eccentric  blades should now
be adjusted according to the figures obtained, after
which it will be in order to set the eccentrics. Itis
generally best to set the forward motion eccentric first,-
because it is easier to get at than the back motion one
is; then if the backward motion eccentric needs to be
changed enough to affect the lead in forward motion,
the forward motion eccentric can easily be reset, and
it will need to be moved so little (that the backward
motion will not be affected enough to require any
further attention.

As before stated, it is desired to give the valve
s¥-in. lead in full gear in both terward and backward
motion, and before setting the eccentrics it will be
necessary to have lead marks on the valve rods for a
guide. To get these marks, set a pair of dividers to
the distance between the centers B and F, Fig. 68, plus
the lead, in this instance 134 in. +¢% =14} in. Then
with one point of thedividers in center F scribe an arc
E across the parallel line, back of center B, also from
center B scribe an arc D in front of F. These points,
E and D, will serve as guides in setting the eccentrics
for lead. The next move is to place the engine on
the dead center; either one will do, but for conven-
ience it may be assumed that it is the right forward
dead ceater. When adjusting the lengths of the
eccentric blades it was found that with the engine and
reverse lever in this position the valve had ¢-in. lead.
This must be reduced to ¢y in., and it might be done
by simply turning the right forward motion eccentric
back upon the driving shaft, but that would take up
the lost motion in the opposite direction to what it is
when the engine is running ahead, and this would
cause an error in the working of the valve. The
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‘proper method is to turn the eccentric backward far
enough to take off all the lead, and then turn it slowly
‘ahead until the valve tram will reach from center C,
g, 62, to the lead mark D, Fig. 68. Next throw the
‘lever into full back gear and proceed to set the right
backward motion eccentric.

After’ getting the right backward motion eccentric
blade adjusted to the correct length it was found that
‘the valve had ¢4-in. lap at both ends; therefore this
eccentric should be slowly turned ahead on the shaft
until the tram will reach from center C to lead mark
E, Fig. 68. This will square the right-hand valve
and give it the desired lead, and the next move is.to
go around to the left side, throw the reverse lever into
" full gear ahead again and pinch the engine onto left
forward center.

After adjusting the left forward eccentric blade to
the correct length it was found that the valve had
g¢-in. lap. The eccentric must therefore be turned

+ahead until the tram will reach from center C on the
left cylinder to lead mark D on the left valve rod.
Next proceed to set the left backward motion eccen-
tric, and in doing this the wheels should be pinched
ahead about 6 in., then place the reverse lever in full
back gear and pinch the engine back onto the center.
This is done to take up all the lost motion in the direc-
tion in which the engine is to run—a very important
matter that should never be lost sight of in working
from the dead center for either forward or backward
motion. After getting the left backward motion
eccentric blade the right length the valve had }-in.
-lead at both ends of the stroke. The eccentric should
therefore be turned back sufficiently far to take off all
the lead. Then with all the lost motion taken up, turn
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the eccentric slowly ahead until the tram point will
drop into lead mark E, Fig. 68. '

The engine is now square, and the valves have the
correct amount of lead all around. The eccentrics
should be securely fastened in their proper location
either by set screws or keys, and it will be next in
order to ascertain the points of cut-off, so that they
may be equalized as near as possible, for be it remem-
bered that no matter how accurate the valves may have
been set, as regards lead, travel, etc., they very seldom
cut off the steam at the same distance from the com-
mencement of the stroke at each end of the cylinder,
and one cylinder may be getting more steam than the
other. This is due to the fact that the link motion is
not a perfect valve gear, various errors being intro-
duced by the angularity of the main rod, and eccentric
rods, and the off-set of the link pin holes from the
link arc, but these errors can be almost entirely elimi-
nated by making certain changes, among which may
be mentioned the off-setting of the link saddle stud,
although with case-hardened links and the saddle
rigidly bolted to the link this method is not always
practicable.

Another very common method is to equalize the for-
ward motion by changing the length of the backward
motion eccentric blades, thus sacrificing equality of
lead and cut-off in the back gear, but as a locomotive
does the greater portion of its work in the forward
gear, except: it be a switch engine, this plan is per-
missible. .

Another method employed to some extent is to
sacrifice equality of lead in both forward and back gear
for equality of cut-off. But before either plan can be
adopted it will first be necessary to find the points of
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cut-off as the valves are now set. As a locomotive
engine performs the principal part of its work with
the reverse lever hooked back towards the center notch
and the valves cutting off at early points in the stroke,
it is more important that the steam should be equally
distributed with the lever in the working notch than
with it down in the corner.

Passenger engines usually cut-off at from 4 to 6 in.,
and freight engines at from 6 to g in. As in setting
the eccentrics, a start at finding the points of cut-off
may be made with the engine on either dead center,
but for convenience it may be assumed in this instance
that the engine has been placed on the right forward
dead center. First try the cut-off in backward motion.
Pinch the wheels backward until the crosshead has
traveled about 6 in. from the extreme travel mark on
the front end of the guides. Then stop the motion,
and with the point of the valve tram in center C, Fig.
62, move the reverse lever back of the center until the
tram will drop into the forward port mark F. Put the
lever one notch farther back, then pinch the wheels
dackward until the tram again drops into the forward
port mark F, thus indicating that the point of cut-oft
has been reached. Now measure the distance from
the front travel mark to the front end of the cross
head. Suppose it is found to be 7% in. Chalk thiJ
down on the front end of the outside guide. Use the
outside guide for the backward motion, because the
backward motion eccentric is on the outside. Now
pinch the wheels farther back until the steam is cut off
on left side back end of cylinder, which can be ascer-
tained by the use of the tram in the same manner as
on the right side. It may be assumed that cut-off
takes place when the piston has traveled 834 in. from
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beginning of stroke. Now turn the wheels still farther
back, until the right pin passes the front center and
reaches the point where cut-off takes place, which
will be assumed to be 8 in. from commencement of
stroke. These figures should all be marked down with
chalk on the outside guides for the backward motion
as they are found, and the reverse lever must be left in
the same notch until all four points of cut-off for back-
ward motion are located. Next pinch the engine still
farther back until the left pin passes the front center
and cut-off for this end is reached, which may be taken
at g in. for the present.

These investigations show that cut-off for the right
cylinder occurs at 7% in. of the backward and 8 in. of
the forward stroke, and that for the left cylinder cut-
off takes place at g in. of the backward and 83 in. of
the forward stroke. These figures indicate that the
right-hand valve is traveling a little too far ahead and
the left valve a short distance too far back, and the
cut-off for each side may be equalized by slightly
changing’the lengths of the backward motion eccen-
tric blades; that of the right-hand one must be length-
ened and the left one will need to be shortened, and
how much to change them may be found as follows:

Taking the left side first, cut-off occurs on the front
end of cylinder at g in. and on the back end at 834
in., and the average is 8%:9= 87 in., which is the
distance from each end of the stroke at which cut-off
will occur when it is equalized. Now pinch the wheels
forward enough to bring the crosshead 878 in. from

- the end of the stroke and enough ‘more to take up all
the lost motion when turning back. Next pinch the
engine backward until the crosshead is again 8% in.
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from the beginning of the stroke at the front end, and
with the valve tram in center C, Fig. 62, scribe a mark
on the valve rod. This mark will be a short distance
ahead of center F, and this distance shows how much too
far back the valve is traveling, and the eccentric blade
must be shortened enough to throw the valve ahead
that much. This will equalize the cut-off for the left
side in the backward motion, and the right side should
be treated in the same manner, except that in this case
the backward motion eccentric blade must be length-
ened, because the valve was traveling too far ahead,
the cut-off for the forward stroke being 8 in. and for
the backward stroke 734 in., and the average is
8+ 7%— 7% in., which will be the point of cut-off for
the rlght side in backward motion when the proper
change is made.

This will leave considerable difference between the
two sides, the cut-off on the left side occurring at 87
in. and on the right side at 73 in., but this will be
remedied later on, and the next move will be to equal-
ize the cut-off for the forward motion by commencing
with the backward stroke on the right-hand side.
Pinch the engine ahead until the pin passes the for-
ward center and draws the crosshead back 6% in. from .
the beginning of the stroke. Move the reverse lever °
ahead to the corner, then move it slowly backward
until the valve closes the port, as will be indicated by
the valve tram when it reaches from center C to center
F, Fig. 62; then put the lever in the first notch ahead
of that position and leave it there until the points of
cut-off have all been found for the four strokes. Now
pinch the engine ahead until the tram again shows that
the point of cut-off is reached. This may be assumed to
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be 8 in. back of beginning of the stroke. Mark this
down on the front end of right inside guide, then turn
the wheels ahead and get the cut-off for the front end
of left-hand cylinder, which will be, say 7 in. Again
pinching ahead, find the cut-off for the back end of
the right-hand side to be 83 in., and still turning
ahead, find cut-off for back end of left side to take
place at 8 in. :

For convenience, the cut-off for the left side may be
equalized first. - It was found that cut-off occurred at 7
in. for the backward stroke and at 8 in. for the forward

stroke, the average being m 7% in., and in order

to equalxze the travel of the valve, which now
travels too far ahead, it will be necessary to lengthen
the eccentric blade. Pinch the wheels back far enough
to bring the crosshead within less than 724 in. of the
end of the stroke, so that when turned ahead again all
lost motion may be ‘overcome. Now- pmch ahead
again until the crosshead is exactly 7% in. from the
beginning of the stroke, and with the valve stem tram
in center C scribe a mark on the valve rod, and' the
distance of this mark from center B is the amount
that the eccentric blade must be lengthened. This
will equalize the cut-off for forward motion on the left
side, and the right side next demands attention. Here
the point of cut-off for the backward stroke was 8 in.,
and for forward stroke 83 in., the average. being

8—f38%= 834 in., which is the point at which cut-ofi

for forward motion on the right side must be equalized
for the present.

The right forward motion eccentric blade will also
need to be lengthened, as the valve travels too far
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ahead, and the correct amount to lengthen the blade
may be found in the same manner as with the left
side. This will leave the points of cut-off for forward
motion as follows: for, right-hand side, 83§ in.; left
side, 7% in. In backward motion, as equalized, cut-
off for right side is 73 in., left side 876 in. It will
thus be seen that in forward gear cut-off is earliest on
left side and in back gear it occurs latest on that side.
In order to overcome this unequal condition one of
two things may be done, either lengthen the link
hanger on the left side or shorten hanger on the right
side. The former method will be adopted, but befere
making any alterations it will be necessary to ascertain
the amount to lengthen, and this may be done in the
following manner:

Put the reverse lever in the same notch that it was
in when the cut-off in forward gear was found, and
measure the distance from any stationary point directly
above or below the upper link hanger pin on the left
side to the center of that pin. Now pinch the engine
ahead far enough to bring the left crosshead the same
distance from the beginning of the stroke as the right
crosshead was when cut-off took place, which distance
is 838 in. This is where cut-off must occur on the left
side also. Now move the reverse lever ahead about
four notches, and then with the point of the valve
tram in center C move the lever slowly back until cut-
off occurs as indicated by the tram. Now measure the
distance again, from the same stationary point to the
center of the upper hanger pin. The difference
between this distance and the distance between these
two points as first found is the amount the left hanger
must be lengthened to equalize the cut-off on both
sides, or raising the tumbling shaft box slightly more
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than this on the right-hand side would bring about the
same sesult as shortening the link hanger on that side.
This change will slightly affect the operation of the
valves in back gear, for this reason: The nearer the
" link block is to the center of the link, the shorter will
be the cut-off, and the change made, viz., lengthening
the hanger, while it throws the block farther below
the center of the link in forward gear, thus delaying
the cut-off, at the same time brings the link block
nearer the center of the link in back gear, thus acceler-
ating the cut-off, and this is the result wished for to
cause the two sides to cut off nearer equal in back
gear, as it will be remembered that cut-off on the left
side occurred at 87 in. in the back gear and 73 in.on
the right side in back gear. The amount that the
hanger has been lengthened may not exactly equalize
the cut-off in back gear, but it will bring it near enough
for all practical purposes, for the reason that the
engine does very little work in back gear. Owing to
the space occupied by the piston rod in the back end
of the cylinder, the cut-off should occur {or 3 in. later
in the back end than in the front end of the cylinder if -
it is desired that the same volume of steam be admitted
to each end of the cylinder.

The next points to be determined relate exclusively
to the exhaust opening and closure with reference to
release and compression. These events, as has been
already explained, are controlled by inside clearance
and inside lap. . If a valve is line and line inside,
having neither inside clearance nor inside lap, the
point M, Fig. 63, will indicate both the opening and
closure of the exhaust, but if a valve has inside clear-
ance, release will occur before the valve has reached
its central position; or if the valve has inside lap,
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closure of the exhaust passage will occur before the
valve has reached its central position. .

Now in order to ascertain at what point in the stroke
either one of the above named events takes place, use
a pair of small dividers and from center M describe on
each valve rod a small circle, the radius of which equals
the inside lap or inside clearance, as the case may be,
and make two small centers where the circle crosses
the horizontal line, also mark each with some distin-
guishing mark to show whether it represents mstde lap
or inside clearance.

Having gotten these marks properly located, proceed
to test each event by the same.method as with the
cut-off, marking down the point in each stroke at which
the event, be it release or compression, begins, after
which conmipare the figures, and the changes required
" may be made in the same way as with the cut-off.
Equalizing the cut-off incidentally affects exhaust
. closure, and as compression is of more importance

than release, it should be made as near perfect as pos<
sible. There is, however, but one method by which
" the various events in the workmg of a valve may be
made thoroughly clear, and that is by the use of the
indicator.

The maximum port opening and maximum travel of
the valve may be found thus: Place the reverse lever
in full gear; that is, ‘“down in the corner.” Then
pinch the wheels one complete revolution, and with
the valve tram in center C, mark the extreme travel of
the valve in each direction. The distance between the
extreme points indicates the maximum travel of the
valve, and the distance from either extreme point to
the port mark indicates maximum port opening.

The minimum travel and minimum port opening
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may be found by placing the reverse lever in the cen-
ter notch of the quadrant, and then repeating the opera-
tion of turning the wheels one revolution, while at the
same time the distances are noted with the tram in
the same manner as before.

QUESTIONS

209. What does the correct setting of the valves of a
locomotive mean?

210. What two very important details should be
looked after first when preparing to set valves?

211. What should be done regarding the eccentric
rods?

212. With indirect valve gear, what is the position
of the eccentric that controls the valve?

213. What is meant by angular advance cf the
eccentrics ?

214. What should -be done with the reverse lever
before commencing to set valves?

215. What is the next most important proceeding in
valve setting ? ,

216. How should the valve rod connect with the
rocker arm?

217. If the valve rod should be cramped or twisted,
how would this affect the valve?

218. What should be done with the steam chest and
valve stem gland?

219. What should be done with the lost motion
between the valve and valve yoke while getting the
port marks?

220. Where should the port marks be placed for
convenience ?

221. Where will the point indicating mid travel or
central position be? »
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222. How is the lap indicated by the marks that are
now on the valve stem?

223. If the valve has neither inside lap nor inside
clearance,what point indicates release and compression?

224. If the valve has inside lap or inside clearance,
how may they be measured and properly marked on
the valve stem?

225. What is the next important move in valve set-
ting after getting the port marks?

226, What is the meaning of the term dead center
as applied to an engine?

227. How many dead centers must the crankpin
pass in each revolution?

228. How many dead centers are to be located and
marked in setting the valves of a locomotive ?

229. Describe in general terms the method of locat.
ing and marking a dead center.

230. How should the guides be' marked while the
engine is on dead center?

231. How are the marks for lap or lead located on
the valve rod ?

232. What should be done before making any adjust-
ments ? .

233. When marks for lap or lead are located on the
valve stem, how are they distinguished from each
other?

234. How are the eccentric rods adjusted as to
length?

235. Give the rule for finding out how much the
eccentric blade must be lengthened or shortened in
order to get the correct travel for the valve.

236. Suppose the valve has I{-in. lead on the for-
ward port and f¢-in. lap on the back port, how much
must the blade be shortened?
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237. If avalve has J¢-in. lead at the forward port
and }4-in. lap on the back port, what should be done
with the eccentric rod?

238. After the lengths of all the eccentric blades
have been adjusted so as to give the valve correct
‘travel, what comes next?

239. Which eccentric should be set first?

240. Why?

241. What precaution should be taken when turning
the eccentrics ahead to increase the lead?

242. After getting the eccentrics in their correct
position and firmly secured, what is the next. move in
valve setting?

243. Mention some of the causes for variation in the
cut-off.

244. How may this variation in the cut-off be
equalized ?

245. Mention another very common method of
equalizing the cut-off.

246. Where should the reverse lever be placed while
equalizing the cut-off?

247. At what point 1in the stroke do passenger

. engines usually cut off?

248. At what point in the stroke do freight engines
usually cut off?

249. By what means may the point of cut-off be
ascertained?

250. Suppose it is found that for the left-hand
cylinder cut-off occurs at g in. of the backward and
834 in. of the forward stroke, at what distance from
each end should it occur when equalized?

251. What must be done to bring about this equali-
zation? ’

252. If, after equalizing the cut-off on both sides, it
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is found that on the right-hand side it occurs at 8}
in. in forward gear and 73{ in. in back gear, and that
on the left side cut-off occurs at 73 in. in forward and
876 in. in back gear, what may be done to overcome
the difficulty?

253. How may the amount to lengthen or shorten .
the link hanger be ascertained?

254. Why should cut-off occur a little later in the
back end than in the front end of the cylinder?

255. What are the next points to be determined?

256. If a valve has inside lead or clearance, how
will release be affected?

257. How may the points of release and compression
be ascertained?

258. How does equalizing the cut-off affect exhaust
closure?

259. Which is the more important, release or com-
pression?

260. How may the maximum port opening and
maximum travel of the valve be found?

261. How may the minimum port opening and
minimum valve travel be found?



CHAPTER VI
PISTON VALVES AND BALANCED VALVES

Hitherto the plain D slide valve alone has been con-
sidered in the discussion of the subject of valves and
valve setting.

There are, however, many other types of valves in
use on locomotives, including piston valves, balanced
slide valves, ported valves, roller balanced valves, etc.

Some of these possess many merits of their own,
while others have very few points to recommend
them.

FIGURE 69

The principal objection to the use of the D slide
valve is the large amount of friction caused by the
action of the steam pressing the valve against its seat,
and inventors have racked their brains for many years
in efforts to produce a valve that would'work without
friction, and at the same time give a correct distribu-
tion of the steam to and from the cylinders.

The piston valve, while practically balanced, owing
to the pressure of the steam acting upon each end, is,

nevertheless, not a perfectly balanced valve unless the
161
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valve rod extends through both ends of the valve
chamber, and this necessitates an extra gland and set
of rod packing. In order to more clearly illustrate
this idea, reference is made to Figs. 69 and 70. Fig.
69 shows a plain D slide valve, and it will be noticed
that the full pressure of steam in the valve chest acts
upon the back of the valve. Of course there is a cer-
tain amount of back pressue from the steam port and
exhaust port that tends to overcome the direct pressure;
still there is an enormous strain on the valve gear that
is required to move a valve under such conditions.

Fiaurn 70

Fig. 70 shows a solid piston valve with outside admis-
sion, being thus identical in action with the D valve.

No valve rod is shown in either cut, but it will
easily be seen that with the valve rod attached
to but one en] of the piston valve the area of that
end will be decreased just so much, and the valve
will be unbalanced by an amount equal to the sectional
area of the valve rod, but this amount is so insignifi-
cant that builders very seldom add the extended valve
rod, and so the piston valve may be considered as
balanced, the only friction being that due to the
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weight of the valve and the friction of the packing
rings when the valve is fitted with them. In some
types of piston valves the live steam is admitted
inside, between the heads, as shown in Fig. 71, and
the exhaust passes out around the ends, but the same
principle of balancing is retained as with the outside
admission type, for the reason that the pressure is
applied between the ends of the valve instead of on
the outside as with the other type. The sketches here
given do not show the valves in their true propor-
tions, being merely used to illustrate the principle

Ficure 71

upon which the plston valve works. In practice the
valve is made as long as possible, in order that the
ports leading to the cylinder may be shortened to the
minimum.

Another type of piston valve is shown in Fig. 72.
This valve is made hollow for lightness and has pack-
ing rings at each end to prevent the steam from pass-
ing into the ports until at the proper moment. The
edges of these packing rings control the admission of
steam to the ports in the same manner as do the edges
of the D valve, and when the valve is one of outside
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admission it is set in the same manner as the D valve
is. But if admission is from the inside, as shown in
Fig. 73, the movement of the valve is reversed, as is
the method of setting also. As it is very essential
that the packing rings at each end of a piston valve be
steam-tight, a certain element of friction is introduced
in this manner. In the larger number of cases where
piston valves are used, central or inside admission is
the rule, a great advantage of this type over outside
admission valves being that the larger portion of the
cooling surface of the valve chamber is reserved for

F1GURE 72

the exhaust steam. Another advantage is that of
having only exhaust pressure against which to pack
the valve rods, and make the joints for the heads of
the valve chamber.

In taking charge of an engine having piston valves,
an engineer should always first ‘‘look her over'’ and
note the positions of the eccentrics with relation to
the crank pin. He should also take a look at the
rocker shaft if thcre is one. He will then be able to
satisfy himself as to whether the valves have outside
or inside admission, a very important thing to know
in case anything should happen out on the road that
necessitated resetting of one or both of the valves to
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enable him to bring his engine home. As before
stated, the movement of a piston valve having outside
admission is precisely the same as that of a D slide
valve, but it is well to note the fact that while the
great majority of engines fitted with D slide valves
have indirect valve gear, still there are some in which
the motion is direct. For the guidance of the engineer
in such cases, the following four simple rules are here
given.

Rule 1. If the eccentrics and crank pin are together, -
that is, on the same side of the driving shaft, and there

Fi1GguRre 73

is a rocke: arm that reverses the motion, the valve has
outside admission, indirect.

Rule 2. If the eccentrics and crank pin are together
and there is no rocker arm, but direct motion, the
valve has inside admission, direct.

Rule 3. If the eccentrics and crank pin are on oppo-
site sides of the driving shaft, and there is a rocker
arm to reverse the motion, the valve has inside admis-
sion, indirect. '

Rule 4. If the eccentrics and crank pin are on oppo-
site sides of the shaft, and there is no rocker arm to
reverse the motion, the valve has outside admission,
direct.
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There are, in fact, four possible combinations to deai
with in the setting of locomotive piston valves, the
first of which is the outside admission indirect con-
nected valve, receiving its motion through the medium
of the familiar rocker shaft, with one arm up and the
other arm- down.
Second, inside ad-
mission direct, in
which both arms of
the rocker extend
either up or down,
and the forward mo-
tion of the eccentric
rod produces a like
forward motion of
the valve. In these
two  combinations
the .eccentrics and
crank pin are on the
same side of the
shaft. Suppose the
crank pin to be on the
dead center, then
lines drawn from the
center of the shaft through the heavy portions of the
eccentrics would be approximately in the same position
as would the hands of a watch indicating five minutes
to seven o’clock, assuming the crank pins to be at g
o'clock (see Fig. 74). Third, outside admission direct,
in which the rocker arms do not reverse the motion
of the eccentric blade; and, fourth, inside admission
indirect, in which the motion is reversed by the rocker
arms in the same manner as in combination one.

These two latter combinations may be termed the

Figure 74
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p.m. setting, for the reason that lines drawn through
the center of the shaft and the heavy portions of the
eccentrics would occupy positions similar to the hands
of a watch indicating five minutes past five, with the
crank pin at nine o’'clock (see Fig. 75), while the set-
ting illustrated by Fig.- 74 may bé termed the a.m.
setting, and as the careful engineer always has his
watch with him, the
following table may
be of service:

Outside admission,
indirect—sg min. to 7
a.m.

Outside admission,
direct—s§ min. past
5 p-m.

Inside admission,
direct—s5 min. to 7
a.m.

Inside admission,
indirect—s5 min. past
5 p.m.

A good rule to re-
member in setting
piston valves is this:
If motion is imparted
to the valve on the a. m. plan as described, and it is
desired to increase the lead, the valve must be moved
towards the crank pin, but if the p. m. plan governs
the motion it will be necessary to move the valve away
from the crank pin to increase the lead.

The American Balanced Valve Co., of Jersey Shore,
Penn., are the makers of a new type of piston valve,
which. they term ‘“The American Semi-plug Piston -

Fiaure 75
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Valve.”” This valve, a description of which is here
given, has performed very efficient service since its
introduction, and it appears destined to occupy a
prominent position in locomotive work in the future.

Referring to Fig. 76, an internal admission valve is
shown. The inner sides of the two snap rings, I-I.
are beveled. The outer sides of the snap rings are
straight and fit against the straight walls of the valve
spool. Against the beveled sides of the snap rings,
solid, uncut, non-expansible wall rings, 2-2, fit. Their

F1GURE 76

inner sides are beveled at a greater degree of angle
than their outer sides, which fit the snap ring.

In between the two wall rings is placed a central
double tapered snap ring, 3. This ring is properly
lapped, and is put in under tension, thus holding the
wall rings apart, putting a slight grip on the snap
rings laterally. Thus applied, the action is as follows:
When steam is admitted to the steam chest, or central
portion of the valve, it passes through openings in -
the spool to the space beneath all of the rings, and
acts upon the central wedge ring direct, giving 4t a
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lead of the snap rings in action, and forcing the wall
rings against the sides of the snap rings, so that pre-
vention of their excessive expansion is positive. The
snap rings are thus expanded against the casing just
enough to make steam-tight contact, and the central
ring grips them there, and they are prevented from
further expansion. This is demonstrated by with-
drawing the valve from the valve chamber while under
steam until the first ring in the spool is entirely out of
the cylinder, when no increase in the diameter of the
snap ring can be observed. It can then be pushed
back into the cylinder again. It will readily be under-
stood how easy it is to prevent further expansion of
the snap ring by the pressure underneath it, when
the degree of angle of the bevel on the inside of the
snap ring is considered. By making this degree
greater, the power of the central wedge ring would be
sufficient to decrease the diameter of the snap ring,
closing it away from the valve chamber. Therefore it
appears that this valve has all the advantages of the
plug valve, without the drawbacks of the plug valve,
and it has all the advantages of the snap ring valve,
without the drawbacks of the snap ring valve, because
it is practically a plug that does expand and take care
of itself, not only for the difference in contraction and
expansion, but also for wear; yet the plug is not so
rigid as to knock a cylinder head out before relieving
the water from the cylinder, and yet it is absolutely
adjusted to the diameter of the casing at all times, and
is held there and allowed to get no larger during its
work under pressure. The rings are so lapped that
they are steam-tight from all directions, and the bevel
lap joint maintains unbroken steam and exhaust lines
at the edge of the ring.
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Fig. 77 further illustrates the construction of this
valve, giving end and sectional views of the different
parts. A common defect of snap ring piston valves.is
that the steam pressure gets under the rings, and
expands them against the casing with the full force
of the chest pressure, thus causing excessive friction,
while at the same time the cage is worn unevenly by
the valve working at short cut-off and over the ports.
Under such conditions, steam-tight joints soon become
leaky, and the leakage rapidly increases as the wear-
ing goes on.

A piston valve, in order to give efficient steam-tight
and durable service, should automaticaly regulate the
frictional contact of the rings against the cage, and
keep the cage perfectly true. It is claimed by the
manufacturers of the American semi-plug piston valve
that it meets these requirements, and the claim is sub-
stantiated by the record of an engine on the Buffalo
and Susquehanna Railroad, which was fitted up with a
set of these valves in June, Igol, and was in continual
service up to April, 1904, or a little over two years and
nine months, excepting when the engine was in the
shop for necessary repairs, but during this time no
repairs of any nature were required on the valves. No
perceptible wear was detected, either of the casing or
the rings, when the valves were removed for the pur-
pose of exhibiting them at the St. Louis Exposition in
1904. It is also claimed that this valve does not
require relief valves, by-pass valves, nor pop valves,
and that it is handled the same as a slide valve, and
drifts freely.

Many locomotives are equipped with piston valves
of different types, but the internal admission valve
appears to be the favorite. The form of piston valve
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used by the Baldwin Locomotive Co. on their Vauclain
engine will be fully described in the section on com-
pound locomotives.

One of the advantages the piston valve possesses
over other forms of slide valves is that it may be made
long enough to bring the two faces or working edges
near the ends of the cylinder, thus greatly reducing
the clearance between the valve face and the piston.

The term balanced valve, as used in this connection
with reference to locomotive practice, is meant to
include all balanced valves except those of the piston
type. As stated at the beginning of this chapter,
there have been many different kinds of balanced
valves applied experimentally to the locomotive, by
inventors in their efforts to reduce the friction between
the face of the valve and its seat. Itis stated upon
good authority that up to January, 1904, there had
been 573 patents issued to those who had made
attempts to perfect the slide valve, but in the great
majority of these cases failure has been written up
against them. A few of the more meritorious of these
will be described and illustrated.

The Jack Wilson High Pressure Valve is manufac.
tured by the American Balance Valve Co., of Jersey
Shore, Penn., and the following description of it is
supplied by the makers, with the exception of a few
minor changes in the text.

Valve. The valve, Fig. 78, is similar to the ‘‘grid-
iron’’ valve, it having two faces; one face operates on
the valve seat proper (on the cylinder) and the other
face operates against the face of the balance plate.
Both faces of the valve are the same, and it has no
crown, but is open throughout. The face of the .bal-
ance plate, against which the top or back face of the
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valve operates, being an exact duplicate of the cylin-
der valve seat and set in alignment therewith, what-
ever  conditions
exist on one face
of the valve must \ ‘\ \ \
also exist on the || | AW\ A ™
other face. The || =

walls of the valve

are provided with ——/
ports, which pass ' FIGURE 78

from face to face :

of the valve. These ports are functional, and their
length and width depend upon whether the valve is
to be double or single acting; that is, whether or not
double admission
and double ex-
haust openings are
desired. Thevalve
under  consider-
ation here is of
the double act-

[—

rr~=
1

ing type.
Balance  Plate.
The Balance Plate,

Fig. 79, contains
the balancing
cones MC and PC
(main cone and
E port cone), and

two centering ring

grooves which
register with like grooveés in pressure plate. It also
supplies the means for double admission and double
exhaust openings by admitting and exhausting steam

| [

F1GURE 79
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at the face of the plate at top of valve simultaneously
with admission and exhaust at valve face and cylinder
valve seat.

The face of the balance plate, Fig. 80, is an exact
duplicate of the cylinder valve seat and forms a second
valve seat against which the valve operates in unison
with its operation on the cylinder valve seat, the
second seat being held by means of the centering rings
CR, Fig. 81, in exact alignment with the valve seat
proper. The back or opposite side of the balance
plate, Fig. 84, contains the

[] ] following cones: one large
o or main cone (MC) and two

O small or port cones (PC) on

the interior of the main

g g cone, and on which the
o o packing rings are placed,
oo which forms the balancing
oD feature to the valve, and the
centering ring cones. The

- - balance plate is provided

with wings (BW) which fit
1-16 in. loose into the wings
of the pressure plate (or into the steam chest itself),
preventing excessive movement of plate. Taper or
beveled packing rings set on the cones form joints
against the pressure plate.

Pressure Plate. The pressure plate is made as a part
of or separate from the chest cover. In the type of
valve here referred to, the pressure plate is made
separate (see Figs. 82, 83 and 84) and is provided with
wings (W) which are machined to fit snugly into the
steam chest; the chest being first centered with the
valve seat by fitting over lugs on the cylinder, or by

Fi1cure 80
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Fieuns 81
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dowel pin, and machined at the top to receive wings
(W) of the pressure plate. Into the face of the pres-
sure plate two grooves are cut with either straight or
taper walls and which register correctly with the cor-
responding grooves in the balance plate; these are
called centering ring grooves and into them two center-
ing rings (CR) are placed, slightly under tension.

[0 O]

FIGURE 82

Under normal conditions these steel rings hold the
balance plate in alignment with the valve seat, but
under abnormal conditions, such as dry valves, the
strain will be taken by the wing of the balance plate
‘against the wing of the pressure plate, preventing
excessive contraction of the centering rings. Against
the face of the pressure plate the balancmg rings form
steam joints.

Balancing Feature. Having mentioned the three
principal parts composing this valve, it is now in order
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tc consider the balancing feature, which is of great
importance, as it successfully protects the valve under
the highest pressures. In considering the principle
upon which the valve

is balanced it is nec- ,
essary to get clearly

fixed in the mind the @
fact that the balanced .
area of the valve is @

changeable and that

the change takes place

automatically, so as to F1GURE 83
‘correspond with the

changed condition of the valve on its seat at different
points of its travel.

Referring to assembled cross sectional view, Fig. 81,
the valve is seen in central position on the seat and
the upper seat or face of
balance plate in position
corresponding with the
valve seat. The steam chest
is centered by wmachined
faces fitting over machined
lugs on the cylinder; on
old power, dowel pins are
used. The chest has fin-
ished strips at top into
| which the finished ends of

FiGURE 84 the wings of the pressure

plate (W) fit snugly, thus

insuring the central position of the pressure plate
over the valve seat. The finished wings of the bal-
ance plate (BW) fit 1-16 in. loose between inside
faces of the wings of the pressure plate, but the
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balance plateis held perfectly central by two steel center-
ing rings (CR). The tops of the cones on the balance
plate are 3 inch from the face of the pressure plate,
allowing the balance plate to lift 3§ inch off from the
valve, which affords perfect relief to the cylinder while
the engine is drifting and for the relief of water from the
cylinder. This }$-inch clearance in height adjustment
must be maintained. The main balancing ring (MR) is
made the proper diameter to balance the valve as great
as possible while in its central (or heaviest) position,
there being just sufficient area left on to insure the
balance plate being held steam-tight on the valve.
The interior of the main ring is open to the atmos-
phere through the holes D, which lead to the exhaust
cavity of the valve.

The valve is thus balanced so that it will move per-
fectly easy in its heaviest position, but conditions are
changed by the opening of a steam port (and at
instant of cut-off. See Fig. 85), at which time the
ordinary slide valve is subjected to the upward pres-
sure of the steam in the cylinder port, and if properly
balanced in central position would, at this position, be
thrown off its seat, but in this valve the port pressure
(whatever it may be) has free access to both sides of
the valve by reason of the passages through the
valve to the port in the face of the balance plate which
corresponds with the cylinder port; therefore the
pressure in the port has no effect whatever upon the
valve, it being on both sides of the valve face in equal
area, and pressure, is, therefore, equalized so far as the
valve is concerned, but the pressure in the port of the
balance plate would lift the plate off from its seat on the
valve if it was not also equalized, or annulled; therefore
a port ring, PR, of proper area to balance this pressure,
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is placed over each port in the inside of the main ring
on the top of the balance plate and is open to the port
through passage F, Fig. 81, so that a pressure equal to
that in the steam port is always on both sides of the
balance plate, as well as on both sides of the valve,
and the port pressure is rendered inoperative on the
valve or on the balance plate. Communication from
the cylinder port, through the valve and through the
balance plate to the interior of the port ring, P R,
cannot be shut off at any time, but is maintained
throughout the travel of the valve. Therefore the
same pressure that is in the port at any given time is
also on both sides of valve and pressure plate in the
same area, and the port pressure is, therefore, not con-
sidered in figuring the main balance for the valve.

There is another position of the valve during its
stroke where the slide valve is subjected to an upward
pressure, or pressure against its face, which tends to
lift it from its seat; that position is at over-travel of
the valve face over the valve seat; this position is
shown in Fig. 86, but in this valve it will be observed
that the top face or back of the valve travels out from
under the seat of the balance plate exactly to the same
extent that it over-travels the cylinder seat, and pres-
_ sure is, therefore, equal on both sides of that portion
of the valve that is over the seat at any point of travel.
With the main ring balancing the valve fully in its
central or heaviest position, the port ring balancing
the port pressure, and over-travel of the valve on its
seat being equalized by equal exposure at top and oot-
tom, it will be clear that the valve is fully balanced in
all positions of stroke, and is, therefore, available for
high pressures.

The double admission of steam to the cylinder and
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the double opening for exhaust of same are made clear
in Figs. 85 and 87, which show the valve at point of
admission and point of exhaust respectively. Refer-
ring to Fig. 85, the valve is admitting steam to the
cylinder port direct, and at the same time is admitting
-steam to the port (pocket port) in the balance plate
and thence by way of passage A through the valve
‘into the cylinder, thus securing double admission
openings. Note direction of arrows.

Referring to Fig. 87, the valve is opening for exhaust
and the steam leaves the cylinder at the face of the
valve at cylinder seat and also by way of passages E
thro-gh the valve into the port (pocket port) in the
balance plate, and out at the face of the valve, thus
securing the double opening for exhaust, which has
always been considered a feature much to be desired
in the locomotive valve. Owing to the fact that the
travel of the valve over its seat is equalized, it is pos-
sible to so proportion the width of the valve seats that
the valve travels to the edge of, or slightly over, the
seat when the engine is worked at the shortest pos-
sible cut-off, and the valve must, therefore, make a full
stroke across the seat or ‘‘wipe the seat’ at every
revolution of the wheel, regardless of the cut-off; per-
fectly straight wear of the valve seat is the result.

In applying the valve to the engine it is important
that the face of the balance plate, or upper valve seat,
shall be in alignment with the cylinder seat in order to
secure simultaneous action of the valve, at both faces,
as previously explained; this is accomplished in
various ways, one, a very positive and easy method,
being shown here.

The height adjustment is }$-in. clearance for lift of
valve or balance plate for relief of water from the
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cylinder and to open direct communication from one
side of the piston to the other for the free passage of
air in drifting. In this connection, it should be
observed that the balance plate will leave its seat on
the valve while the valve remains on the valve seat,
and that, while the balance plate is off its seat, direct
communication from one cylinder port to the other is
always maintained by reason of the ports AE through
the valve; this affords the most perfect air relief for
drifting.

The packing rings remain stationary and are, there-
fore, subject to practically no wear; they afford full
rutomatic adjustment to position and for wear of valve
faces and are free from danger of breakage or derange-
ment, - .

The Richardson Balanced Valve. This form of bal-
anced slide valve, together with the Allen-Richardson
balanced slide valve, is manufagtured by H. G. Ham-
mett of Troy, New York, and is largely used on loco-
motives.- Figs. 88 and 89 represent transverse and
longitudinal sections through the center of an ordinary
locomotive steam chest fitted with the Richardson
valve. Fig. 9o shows a plan of the valve, and Fig.
91 is an elevation of one end of the packing strips and
spring, the only alteration being the addition of the
balance plate, PP, Fig. 88, and the substitution of a
valve adapted to receive the packing strips S, S, S, S.

It will be noticed in this instance that the balance
plate is bolted to the cover of the steam chest, but
these may be cast in a single piece. The four sections
of packing enclose a rectangular space, R, Fig. go,
which equals in its area the total amount of valve sur-
face which is to be relieved of excess pressure, the
packing strips preven