














iv PREFACE.

The principles upon which the methods of construction are based are generally
given, so as to enable any one who designs with the necessary regard to theory to
make modifications to suit his own ideas. In writing the original articles I have aimed
to make each one as complete as possible. This necessarily required a few repetitions,
which were allowed to remain in this book, as it was thought such a course would

make the book more convenient for reference.

My thanks are due to Mr. P. Arnot, Supt. of the Grant Locomotive Works, when
these works were located at Paterson, N. J.; to Mr. John Headden, formerly Supt. of
the Roger Locomotive Works; Mr. D. Shirrell, draftsman at the Richmond Loecomo-
tive Works; and other friends, for valuable suggestions and assistance in the prepara-
tion of this work. I am also indebted to Mr. Theo. N. Ely, General Supt. of Motive
Power, Pennsylvania R. R.; the Grant Locomotive Works; the Cooke Locomotive
Works, of Paterson, N.J.; the Rogers Locomotive Works, of Paterson, N. J.; the
Rhode Island Locomotive Works, Providence, R. I.; the Baldwin Works, Philadelphia,
Pa.; the Richmond Locomotive and Machine Works, Richmond, Va.; and Mr. A. J.
Pitkins, Supt. of the Schenectady Locomotive Works, Schenectady, N. Y., for kindly
furnishing me with drawings and data.

PATERSON, N. J., September, 1892,









MODIERN

LOCOMOTIVE CONSTRUCTION.

CHAPTER I.

INTRODUCTORY REMARKS.—CLASSIFICATION OF LOCOMOTIVES.—TRAIN RESIST-
ANCE—TRACTIVE POWER.—WEIGIHIT OF ENGINES.

1. In late years a change in the management and treatment of the locomotive has
taken plaee on most of our prineipal railroads. This change necessarily caused, also, a
change in the eonstruetion of the locomotive, besides other improvements that have
been added from time to time.

2. It is the writer’s intention to give in these ehapters a general deseription of the
prineipal parts of the modern locomotive, illustrated by good and correet drawings,
and indicate the improvements that have been added.

Since all the illustrations represent separate parts of the modern loeomotive, and
since some of them will be arranged in a tabular form (an arrangement the writer has
not seen in any book, and eonsequently believes it to be new), we trust that these
illustrations will be appreciated by the professional designer, and by the young designer
in particular.

3. In order to make the reading of these papers profitable to the mechanie, we
will, in eonnection with the illnstrations, give rules relating to the proportioning of the
parts in as plain and simple langnage as we can command, so that any one engaged in
the building and running of the locomotive may easily understand these rules. We
also hope that the deseription of the locomotive, which is almost inseparable from a
snbjeet presented in a manner as we propose to do, will prove interesting to the
ordinary reader.

Should any of our professional friends pronounce the rules given as something
superfluous, beeanse they may be found in the many exeellent books already published,
or should any of our friends find fault with the practical method of treating this
subjeet, we would kindly remind them that these chapters are intended for a large class
of readers—for the mechanic and engineer in partieular—and not for a favored few.
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4, When a compurison is made between the locomotives built recently and the
locomotives in use about ten or twelve years ago, a change in their construction and
appearanee will be noticed. This change is due to the desire of railroad managers to
reduce the cost of transportation of passengers and freight, and to a great extent this
desire has been realized.

5. In former times it has been the eustom to place an engine in the hands of
one cngineer, and whenever the engine was attached to a train this same engincer
had his hand on the throttle lever. When the trip was completed, the engine was
carefully lioused and eleaned, and, so to speak, was put to rest. In faet, we onee heard
an engineer say (and we have reason to believe that he was in earnest) that engines
needed rest as well as engineers, because he noticed that his engine never worked as
well when nearing the end of a trip as it did when starting. If this engineer is
still among the living, he must either have changed his opinion or stepped off the
footboard to stay off. The trips also were comparatively short, and generally the
trains comparatively light. Indeed, when we carefully consider the management of
the locomotive and the treatment it received in former times, we might almost conelude
that the locomotive was looked upon as a delieate piece of machinery that needed
extraordinary care to keep it in good working order.

But now, mark the change of treatment of the engine that has taken place on
some of our best railvoads. Notice, for instance, on these roads the modern freight
locomotive as it starts off with as heavy a train as it ean possibly haul on a trip of
great length, the engineers relieving eaeh other at designated stations, instead of one
engineer having charge of the engine during the whole trip, as in former times; notice
also the scanty accommodations, if any, for cleaning or housing the engine when the
trip is eompleted; the short time the engine is allowed to stand ‘still after it has been
examined and found to be in good working order; the heavy train it must haul on the
homeward journey, run by any engineer that is competent to run an engine; and when
the starting point has been reached, no time is lost in coupling it to another train, and
thus it is kept running almost continually in all kinds of weather. Compare this
treatment to the former and the change must beeome apparent.

6. The passenger engines are sometimes subjeeted to the same severe treatment,
but generally an engine is placed in the charge of only two engineers, one of these
running the engine during one trip, and the other having charge of it during the next
trip, and so relieving cach other alternately.

7. Allowing different engineers to run the same engine has this advantage, namely :
that only competent engineers can hold their positions, because after a competent
engineer has onee shown what the engine can do, the other engineers must make the
engine perform a like amount of work in the same time, or give good reasons for not
doing so. Here then we perceive that no incompeteney is admissible.

8. The passenger trains are also heavier now than in former times, and the trips
longer. Generally speaking, all engines are now required to do more work than
formerly. Engines placed in such severe service must naturally be strong, powerful
and durable, well put together, holt holes reamed, holts turned and fitted, and driven
in tightly. In the modern locomotive the boiler is larger than in former practice, the
frames and cylinders are heavier, and generally all working parts are made stronger.

.
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9. In the appearance and outside finish of the engine we also notice a decided
change. For instance, the landscape paintings and pictures of birds and horses on the
side of the tender, have of late disappeared, and the tanks are plainly painted with
good paint, and well varnished.

This is, in the writer’s opinion, as it should be, becanse pietures on the side of the
tank seem to him to be out of place. A tender is made for the purpose of carrying
water and fuel, and is il adapted for a pieture-gallery. The brass finish on the engine
and fancy ornaments, snch as cagles, ete., are also things of the past, because these
require too mueh time and expense to keep clean and in good condition. ‘

From these remarks the reader must not conelude that in former times the engines
had a better and more pleasing appearance. This is not the case, hecause years of
experience have exposed faulty eonstinctions in tormer locomotives, which heve heen
corrected and otherwise improved in the modern engine, and since correet construe-
tion and distribution of metal must always improve the appearance of a machine, we
conelude that onr American locomotives as now built (although by no means perfect)
possess eleganee in form, compactness in the arrangement of the different pieces of
mechanism, and gracefnluess in movement.

CLASSIFICATION OF LOCOMOTIVES.

10. We may divide the different kinds of locomotives into two distinet classes; in
one class we may place the ordinary passenger and freight locomotive, and in the other
the switehing engine and other locomotives designed for some special serviee,

At present we will consider only the first class, namely, the passenger ana freight
locomotives. These engines are again divided into four different classes, namely: 1st,
the eight-wheeled engine; 2d, the Mogul engine; 3d, the ten-wheeled engine; 4th, the
consolidation engine,

An eight-wheeled engine, sometimes ealled the Ameriean locomotive, beeanse this
design was first brought out in this country and used here more than elsewhere, is an
engine that has four driving wheels and four truck wheels, as shown in Fig. 1. On
some roads the eight-wheeled engiue is used for both passenger and freight service,
but generally it is recognized as the passenger engine. A Mogul engine is an engine
that has six driving wheels and two truek wheels, as shown in Fig. 2. These engines
are used principally for freight service; oeccasionally they are used for passenger
serviee, but generally they are recognized as freight engines.

A ten-wheeled engine is one that has six driving wheels and four truck wheels, as
shown in Fig. 3. Ten-wheeled engines are used for fast freight serviee, for hauling
heavy passenger trains, or for a mixed traffic.

A consolidation engine is an engine that has eight driving wheels and two truck
wheels, as shown in Fig. 4. These engines are used for heavy freight service on roads
having steep grades.

Now, notice the eight-wheeled engine and the Mogul engine; each one has eight
wheels, In the passenger engine four wheels of the whole nmnber are driving wheels,
and in the Mogul engine six wheels of the whole number are driving wheels.

Again, notice the ten-wheeled engine and the consolidation engine; each one has



T |
Rigid-Wheel-Base|
Total-Wihcel-Base
PIGUT-WIHELLIID ENGINY

Fig.2

S QQOO é,()oo‘1
O&) &) (SO)))k g =

l§————Rigid-Wheel-Basc
Total-Wheel-Base

MOGUL ENGINE
Fig.3 —

@) { ®

—Rigid Wheel-Base
Total -Wheel-Base

TEN-WHEELID I'NGINE

»

< 11‘%\\\ =1
I/ALJ.-.ol"“‘

= 2 Fmh

/“ ' b ‘\‘w

—Ihyul—"’lwcl-l:asc—-\ll

——Total-Wheel-Basc
CONSOLIDATION ENGINE




MODERN LOCOMOTIVE CONSTRUCTION. “y

ten wheels. In the ten-whecled engine six wheels of the whole number are driving
wheels, and in the consolidation eight wheels of the whole number are driving wheels.

WHEEL BASE.

11. The rigid wheel base of any engine is the distanee from the eenter of rear to
the eenter of the front driving wheel, plainly shown in figures. The total wheel base
of any engine is the whole distance from the center of the rear driving wheel to the
center of the front truck wheel, also plainly shown in fignres.

DATA REQUIRED.

12. Before we ean deeide what type of a locomotive to adopt, and before we ean
determine the dimensions of this engine, we must know the following particulars:
1st, the total weight of the train—that is, the combined weight of the load ‘and ears;
2d, the speed of train; 3d, the grades and enrves of the road on which the engine
is to run; 4th, gauge of track—that is, the exact distance bhetween the rails; 5th, the
weight on the drivers that the rails of the road ean bear; 6th, kind of fuel to be used;
7th, kind and height of couplings of cars; 8th, limitations, if any, in width, height,
length, ete., by tumnels, overhead bridges, turn-tables, ete. §

For the sake of simplicity, let uns first find the type and the dimensions of a
locomotive eapable of hauling a train of given weight on a straight and level track,
leaving the speed and all other particulars out of the question.

TRAIN RESISTANCE.

13. The prineipal resistance which a locomotive must overcome in slowly haunling
a train over a straight and level road, is rolling and axle frietion. Hence the resistance
to motion of a train, or the train resistance, is simply rolling and axle friction combined.
But it must be remembered that when a train is to run fast, or against strong winds,
other forees must be overeome.

By rolling frietion is meant the resistance to motion that takes place where the
cirenmference of the car wheel comes in contact with the rail. Axle frietion is the
resistance to motion that takes place between the axle jomrnal and its bearing.

14. An ordinary train, composed of cars whose wheels are, say, from 28 inches to
32 inches in diameter, and having journals, say, from 3 inches to 3} inches in diame-
ter, will require a foree of 74 pounds for every ton of 2,000 pounds to move it. Thus,
for instance, if the total weight of the cars and the load is 1,000 tons, we have 1,000
X 73 = 7,500 pounds; this means that a train of 1,000 tons requires a foree of 7,500
pounds to move it, or, in other words, it requires a force of 7,500 pounds to overcome
the combined rolling and axle friction.

On some roads it may requirve only 6 pounds for every ton, and on other roads it
may require 9 pounds to move a ton weight. This difference is cansed by the degree
of smoothness and irregularities of the rails, the different proportions of the wheels
and journals, the kind of springs under the cars, the kind and quantity of oil used,
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and other minor conditions. We believe that 7} pounds per ton will be snitable for
the average railroads, and this figure we shall hercafter adopt in all our caleulations
in whieh speed and the grade is not taken into account.

15. The amount of the eombined rolling and axle frietion of a train, which a loco-
motive must overeome, can be found by several practical methods. For instanee:
Assume that one end of a rope is attached to a car, and the other end, ¢, of rope passed
over pulley, ), as shown in Iig. 5. The bearings of this pulley are supposed to bhe
firmly fastened to the track, and the height and
position of the pulley being such that portion @ b

TIig.5 . :
of the rope will be parallel to the rail; then a
weight fastened to the end, ¢, of the rope, and
b « i ; r 3 ar o
it =50 0 sufficiently heavy to move the car, and no more,

%4 will be the force in pounds neeessary to move it, or,
in other words, this weight will be the foree neces-
sary to overcome the combined rolling and axle
friction. Hence, if the weight of this car is 20 tons,
we may cxpect to find that a weight from 120 to 180 pounds will move it, this dif-
ferenee of weight being eaused by the conditions of the rail, ete., as before explained.
Now, the mean between 120 and 180 is 150 pounds to move 20 tons, which is equiva-
lent to 73 pounds per ton.

Again, we may try another method. Instead of plaeing a eoupling-bar between
the tender and ears, let us eouple these by an instrument capable of measuring a foree.
Such an instrument is called a dynamometer. There are different kinds of dyna-
mometers, the simplest being a spring balance, suffieiently strong to withstand the
pull, and yet elastic enough to indicate ecorrectly the foree in pounds exerted by the
engine in pnlling the train. Although the spring balanee is not always the best instru-
ment to nse for this purpose, and is adapted only for moderate forces, we draw atten-
tion to it beeause its action is familiar to the reader, and probably best nnderstood.
Now suppose a correct spring balance is plaeed between the tender and a train whose
weight 1s 1,000 tous, then, as soon as the engine eommences to pull and move the train,
our spring balance will show a force from 6,000 to 9,000 pounds. The mean hetween
6,000 and 9,000 pounds is 7,500 pounds, which is again equivalent to 73 pounds
per ton. :

We may also determine by observation the foree necessary to move the train. It
has been found that railroad cars, with wheels and axles as before deseribed, will begin
to roll down a grade when it is as steep as from 16 to 24 feet per mile. Of course, this
difference is caused by the eondition of the traek and other eonsiderations before men-
tioned. ‘

Let the length of the line @ ¢, Fig. 6, represent a mile, and the length ) ¢ the rise
of the grade, namely, 16 feet. In that branch of science ealled mechanics it has been
proved that the force necessary to overeome frietion is as much smaller than the
weight * of the cars as the length of the line b ¢ is shorter than the length of the line a c.

* Instead of the word “weight,” we should have said ‘“pressure,” beeause the weight and pressure are equal
only on a level track, and not on a grade; but in this particular case, the differenee being so small, we have, for
the sake of simplieity, used the werd “weight.” How to find this differenco will be explained hereafter.
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Now, the line a ¢ represents one mile, or 5,280 feet, and the line b ¢ 16 feet; dividing
=OQ

i e = D280, ’ f *nit -

5,280 feet by 16 feet, we have 6 = 330, that is, the line @ ¢ 1s 330 times longer
than the line b ¢, hence the weight of the ears will be 330 times greater than the force
2000 6.06
53, T N
This means that it requires 6 pounds per ton to move the tram. If we assume the
grade to be 24 feet in a mile when the ears begin to roll down the grade, then the line

necessary to overcome frietion. Now, there are 2,000 pounds in a ton, hence

rOQ

. 9 . H280 . . . .

b e, Fig. 6, will be 24 feet long, and = 220, that is, the line @ ¢ is 220 times longer
‘ 2000 _ .

than the line b ¢, therefore 555 = 9 pounds per ton to move the train, or to overcome

rolling and axle friction ; the mean between 6 and 9 pounds 1s 74 pounds, as before.

From this we may establish
a rule for finding the foree nee- Fig. 6
essary to overcome the train 0 ()_()___lb
resistanee, the speed not being £
taken into consideration.

Rure 1.—Multiply the weight of the train in tons (of 2,000 pounds) by 73; the
answer will be the foree in pounds necessary to overcome the train resistance. If to
this we add the resistance of the tender and its load, also the foree necessary to move
the engine itself, we then know the force an engine must exert to haul the total load.

For all praetical purposes we may assmme that 74 pounds per ton 1s not only suffi-
eient to move the train, but also mecludes the foree necessary to move the engine
and overcome the friction of its machinery, hence no separate ealeulation for this is
neeessary.

The resistanee of the tender is found by Rule 1—that is, multiply the weight in
tons of the tender and its load by 74, and the answer will be the foree in pounds re-
quired to overcome this resistance. Or, still simpler, add the weight of the tender and
its load to the weight of the train and multiply the s by 74. Thus,

ExamprLe 1.—The weight of a train is 1,200 tons, and the weight of the tender
20 tons; find the foree in pounds necessary to haul this train; 1,200 + 20 = 1,220 tons,
1,220 x 73 = 9,150 pounds, hence the engine must be eapable of exerting a total pulling
force of 9,150 pounds.

«a N’

ADNESION.

16. The effort to haul a train which a locomotive can exert is limited by the
adhesion between the driving wheels and the rails. This adhesion is simply frietion
between the driving wheels and rails acting so as to prevent slipping. If, tor instanee,
the train resistance exceeds the adhesion, the driving wheels will slip, or, in other
words, turn round without advancing.

The adhesion depends upon the weight placed on the drivers. When the rails are
dry and in comparatively good condition, we may assume that the adhesive force is
equal to } of the weight on the drivers. Thus, for instance, if the weight on the
drivers is 40,000 pounds, the adhesive force will be 8000 pounds.  This adhesive foree
enables an engine to pull a train, and must not be less than the train resistance.
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When the rails are wet, muddy, or greasy, this adhesive force will be considerably less,
and snowy or frosty weather will also reduce the adhesion.

In the following caleulations we shall consider the track to be in good condition,
and therefore shall assume the adhesion to be equal to 1 of the weight on the drivers.
It the condition of the track is not known, the writer helieves that the adoption of L of
the weight on the drivers for the adhesion will not lead to disappointment as often as
when } 1s adopted.

WEIGHT ON DRIVERS.—NUMBER OF DRIVING WHEELS.

17. From the foregoing remarks we have learned that when the weight of the train
and tender is known we can find the train resistance; also, that the adhesion must at
least be equal to the train resistance, and sinee the adhesion is equal to 1 of the weight
on the driving wheels, we multiply the train resistance or the adhesion by 5, the prod-
uet will be the total weight ou all the dilvers.

ExampLe 2.—In Example 1 we found the train resistance to be 9,150 pounds; what
must be the total weight on the driving wheels? 9,150 x 5 = 45,750 pounds, henee the
total weight in all the drivers will be 45,750 pounds.

On some roads heavy rails are used, on other roads lighter rails are adopted. The
heavy rails ean, of course, bear a greater weight on the drivers than the lighter rails,
therefore, before we can find the number of drivers under an engine, we must know
the weight that the rails can bear.

18. When an engine is running on light rails—about 30 pounds per yard—we may
place 4,000 pounds on cach driver; and when an engine is running on heavy rails we
may place 15,000 pounds on each driver. In late years the tendeney has been to erowd
all the weight on the drivers that can possibly be placed on them, so that now on some
roads more than 15,000 pounds are placed on a driver. But there must be a limit to
this weight, because when too much weight is placed on the drivers, either the tires,
the rails, or both, will be injured. The exaet amount of weight that ecan be placed
on the drivers has not yet been satisfactorily established, but we believe that the fore-
going figures, namely, 4,000 to 15,000 pounds on each driver, aceording to size of rail,
may be safely adopted.

From these remarks it must be evident that before we can decide which of these
two figures we ecan use, or what amount of weight between these two limits we may
adopt, we must know the material of which the rails are made, and the weight of rail
per yard, that is, their form and size. Of eourse, we are now alluding only to rails for
ordinary passenger and freight engines on roads of 3 feet gange, or other roads up to
4’ 8§" gange, and we do not inelude the rails for mining engines, plantation engines,
or wooden rails.

Another important fact that we must not overlook is the weight the bridges ean
bear, because the rails may be suitable for a heavy load, and the bridges may not be so.

19. If, then, we know the weight that ecan be safely placed on each driver, we can
find the number of drivers to be placed under an engine by:

RuLe 2.—Divide the weight that must be placed on all the drivers by the weight
that ean be safely placed on one driver, and the quotient will be the number of driving
wheels required,
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ExamrLe 3.—The greatest weight on each driver that the rails of a given road can
bear is 10,000 pounds, and the weight necessary on all the drivers to haul the train is
40,000; how many driving wheels must be placed under the engine? According to

0000 ; .
the rule we have in:)g 5 4, hence the number of drivers will be four. If the necessary
weight on all the drivers had been 60,000 pounds, we then would have to place six

drivers under the engine so as not to exeeed 10,000 pounds on each.

DIAMETERS OF DRIVING WIIEELS.

20. The diameter of the driving wheels under an engine will, to a great extent,
depend npon the speed of the locomotive. Driving wheels of large diameter are neees-
sary for fast speeds; and, on the other hand, driving wheels for heavy freight engines
must necessarily be ecomparatively small in diameter. There are several causes which

i
-
|

(3

Fig. 7

will place a limit to the diameter of a driving wheel in either direction. We will name
two: The diameter must not be too large, because, if it is, the engines will stand too
high. The diameter must not be too small, because, if 1t is, difieulty will be experi-
enced in getting steam out of the eylinder on account of the high piston speed which
may be necessary for the required speed of train. Between these two limits no exaet
rule for finding the diameter of a driving wheel ean be given. The following tables
will greatly aid nus in determining the diameters of these wheels. These tables show
the diameters of driving wheels for the different classes of engines, such as are gener-
ally adopted by builders and master mechanies, and giving good satisfaction.

In these tables we see that, for an cight-wheeled engine with eylinders 107 in
diameter and 20" stroke, we may use driving wheels 45 diameter, or larger, up to 51"
diameter; or, if it is an eight-wheeled engine with 177X 24" eylinders, we may adopt
driving wheels 60" diameter, or larger, up to 66”. Of course, these limits of driving
wheels for the different classes of engines are not absolute. 'We may ehange, and,
indeed, may be compelled to change, these diameters to suit some particular serviece,

But it must be remembered that when the number of revolutions of the driving
wheel per mile are given, then the diameter of the driver is not a matter of choice, but
must be fonnd acenrately by ealeulation, which is an casy matter. Thus, for instance,
the number of revolntions of the driving wheel per mile is 336; what must he the
diameter of the wheel? One mile is equal to 5,280 feet; then dividing 5,280 by the

2
number of revolutions, namely, 336, we have i,g;? = 15.71. This quotient is the
o
number of feet in the ciremmference of the wheel. Now, if we refer to a table of
circumferences, we find that the diameter of a eircle, whose cirecumference is 15.71
feet, is eqnal to 5 feet. If sueh a table is not at hand, then divide the 15.71 feet by
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3.1416, because the cirenmference is always 3.1416 times greater than the diameter, and
the quotient in this case will be 5 feet, which is the diameter of the wheel.

TABLES SHOWING THE DIAMETERS OF DRIVING WHEELS AS GENERALLY ADOPTED FOR DIF-
FERENT CLASSES AND SIZES OF LOCOMOTIVES.

ALL DIMENSIONS IN INCIIES.

|
TABLE 1. TABLE 2. TABLE 3. ‘ TABLE 4.

EIGIIT-WIIEELED ENGINES. || MOGUL ENGINES. TEN-WHEELED ENGINES. || CONSOLIDATION ENGINES.

. ] - A ‘ .
Cylinders, Driving Wheels. Cylinders. Driving Wheels.| Cylinders. Driving Wheels. || Cylinders. ‘Driving Wheels.
Diameter. Stroke Diameter. Diameter Stroke. Dinmeter. | Diameter. Stroke.| Diameter. Dilameter. Siroke.,  Diameter.

1 |
—_— —— e —— - - R - | —_—

Colnmn 1. Column 2. || Colomn 1. Colnmn 2. | Column 1. Column 2, ’ Column 1. Colnmu 2.

10 x 20 45 to 51 11 x 16 e | B oot 538 oo o e | For Narrow Gauge.

11 x 22 45 to 51 12 x 18 36 to 41 12 x 18 39to43 | ( L= S0 EFe 81101

12 x 22 48 to 54 13 x 18 37 to42 13 x 18 41to45 | 414 x 16 36 to 38

13 x 22 49t057 || 14 x 20 39 to 43 14 x 20 43 to 47 {15 x 18 36 to 38

14 x 24 55to61 | 15 x 22 42 to 47 15 x 22 4550 500, , || 7 5 o T SR
15 x 24 55t066 | 16 x 24 45 to 51 16 x 24 PR G IS0 o conBoonde | ............
16 x 24 58066 [ 17 x 24 49 to 54 17 x 24 51 to 56 For 4’ 8}" Gauge.

17 x 24 60 to 66 18 x 24 51 to 56 18 x 24 51 to 56 20 x 24 48 to 50

18 x 24 61 to 66 19 x 24 54 to 60 19 x 24 54 to 60 J 322 x 24 50 to 52

The reason why 5,280 is divided by the number of revolntions per mile is simple,
and yet it is not so generally understood among mechanies as we might expeet, there-
fore the following explanation is offered:

Let the line e b, Fig. 7, represent one mile—that is, 5,280 feet—and ¢ the center of
the wheel when it stands at the end, a, of the line @ ), as shown in the figure. Care-
fully rolling this wheel without slipping along the line @ b until it has eompleted one
revolution, or made one complete turn, the number of feet that it has traveled along
the line @ b is equal to the number of feet in its eircumference. Now, if this wheel is
5 feet in diameter, its circumference will be 15.71 feet, nearly, and the distance from the
center ¢ to the center c2, which is equal to the distance that it has traveled along the line
a b, will be 15.71 feet. Again, if we continue rolling this wheel along the line @ b until it
has made another complete turn, then its eenter will be at ¢3, and the distance that the
wheel has traveled from the point « along the line ¢ b will be equal to the distance
between the first eenter ¢ and cs—that is, 31.42 feet—which is obtained by multiplying
15.71 x 2; and so on for every revolution it will travel 15.71 feet further; and theretore,
if we divide the length of the line a ), or one mile, by the ecireumference of a wheel,
whieh is, in this case, 15.71 feet, we will know the number of revolutions that it must
make to travel from e to b. And conversely, if we know the number of revolu-
tions per mile, we divide the number of feet in a mile, or, as in our example, the
length of the line @ b by the number of revolutions, and the quotient will be the
ciremmnference of the wheel, and dividing this cireumference by 3.1416, will give its
diameter.
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TRACTIVE POWER.— DIAMETER OF CYLINDERS.

21, We now come to the consideration of the size of eylinders neeessary to turn
the driving wheels. Negleeting the frietion of the maechinery, we may say that the
eylinders with a given steam pressnre must be large enongh to almost slip the wheels,
that is, to turn the wheels withont advaneing on the rails, when the engine is attached
to the heaviest train that it was designed to haul. Or, In other words, if a eertain
amount of weight is placed on the drivers to hanl a given train, we must design our
evlinders so that a sufficient power can be obtained to turn the wheels, and not more
and not less, when the engine is attached to this train. This power which is necessary
to turn the driving wheels under the above eonditions is called the “ traetive power” of
a locomotive. If the eylinders are too small in proportion to the weight placed on the
drivers, then the engine cannot haul the train that it was intended it should do with
the correct weight on the drivers. If; on the other hand, the eylinders are too large
in proportion to the weight placed on the drivers, then the engine eannot employ all
its tractive power. In these cases, there will be either a waste of material or steam.
Here, then, we see that in a correetly designed engine there is a fixed relation or
proportion between its tractive power and the weight placed upon the drivers. The
tractive power is not ouly dependent upon the diameter of the cylinders, but also
upon the diameters of the drivers, the length of stroke, and the mean effective steam
pressure per square ineh of piston.

22, In Fig. 8 we have represented a pair of eylinders and one of the front pair of
driving wheels ot an eight-wheeled engine, sueh as shown in Fig. 1. One of the c¢ylin-
ders in Fig. 8 is eonnected to the driving wheel; the other eylinder is conneeted to a
erank fastened to the same axle, and not conneeted to a driving wheel, because we have
assumed that there is only one driving wheel on the axle. Let us also assume that the
eylinders in Iig. 8 with frames, valve gear, and all necessary meehanism, are firmly
fastened to blocks or a foundation, so that this fignre represents a eomplete stationary
engine. The driving wheel is not to toneh the track, but the whole engine is set high
enough so that a rope ean be fastened to the lower part of the driving wheel, in such a
manner that when the other end of the rope is attached to a train this rope will be
parallel to the track, as shown. When this engine is set in motion in a direction as
shown by the arrow, it will haul the train towards the engine. Now, the power that
this engine exerts in doing this is precisely the same as the tractive power of a locomo-
tive designed to do the same amount of work. Should the total weight of this train
be 1,000 tons, then, according to what has been said before, it will take 7,500 pounds
to move it, and therefore the stress or the pull on the rope will be 7,500 pounds.

If, instead of fastening this rope to the train, we pass it over a pulley, @, and attach
a weight, w, to it weighing 7,500 pounds, as shown by the dotted lines in Fig. 8§, then
the stress or the pull on the rope will not be changed, but will still remain as before,
namely, 7,500 pounds, and therefore we conclnde that the power necessary to move the
train is exactly the same as the power necessary to hoist a given weight.

For the sake of clearness and simplicity, when ealeulating the tractive power of a
locomotive, we shall hereafter always assnme that the train resistance is represented
by a weight, w, fastened by the means of a rope to one driving wheel, as shown in
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Fig. 8, and that the eylinders must be made large enough so as to be eapable of
lifting this weight. i '

But the reader may say that a loeomotive has more work to do than the stationary
engine here represented, beeause the locomotive must move its own weight, which the
stationary engine does not have to do. This is true, but it must be remembered that we
are allowing 73 pounds for every ton of the weight of train that is to be moved, and, as
we have stated before, this may be eonsidered—and we do eonsider it so—as not only
sufficient to move the train, but also sufficient to move the weight of the locomotive
and overcome the frietion of its meehanism. Yet we must again call the attention of
the reader to the fact, that any partieular or given speed is not yet taken into eon-
sideration; we are simply proportioning an engine capable of moving a train very
slowly.

23. The foregoing being thoroughly understood, the solution of the following
example will not be diffienlt:

ExamprLE 4—Find the diameters of the eylinders for an eight-wheeled loeomotive,
whose total weight on drivers is 20,000 pounds, the diameter of the driving wheels,
45 inehes; the stroke, 20 inehes; and the mean effeetive steam pressure 90 pounds per

|

square inch of piston area. (The writer believes that for the mean effective steam
pressure 90 pounds per square ineh is a good average, and this will always be adopted
unless otherwise stated.)

From what has been said before, we know that the total adhesive foree will be
1 of the weight placed on the drivers; hence the total adhesive foree will he § of
20,000, whieh is equal to 4,000 ponnds. We have also seen that the adhesion is
equal to the train resistance; hence the weight «, in Fig. 8, whieh represents the
train resistance, must weigh 4,000 pounds. Now, all we have to do is to find the
diameters of the two eylinders, as shown in Fig. 8, eapable of lifting this weight of
4,000 pounds; and so for all locomotives when the total weight on the drivers is
kunown, no matter how many driving wheels are to be plaeed under an engine, we
always assume that the train resistanee is represented by the weight w; that all this
weight, or train resistance, is applied to only one driving wheel; and that the two
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eylinders must be made large enough, so that their combined effort will be sufficient for
lifting this one weight @, which we assume to be } of the total weight placed on all the
drivers,

In our example, as we have already seen, this weight w is equal to 4,000 pounds,
and the diameters of the driving wheels 45 inches each. When the wheel has made
one revolution, the weight w will then have been raised through a distance equal
to the cirenmnference of the wheel, and this eireumference is 141.37 inches, or
11.781 feet.

In raising this weight, a certain amount of energy must be expended; and, to
know exactly how much has been expended, we must compare it to some standard or
unit of energy.

The amount of work required to raise or lift one pound onc foot high is equal
to a unit of energy or foot-pound; henece, if two pounds are lifted one foot high, two
units ot energy have been expended, or, if five pounds are lifted one foot high, five
units of energy have been expended; and, if the five pounds are raised five feet high,
then 25 units of energy have heen expended, beeause, to raiso tho five pounds through
the first foot, five units of energy will be required; to raise them through the sceond
foot another five units will be required; the same for the third, and so on up to the
fifth, making a total of 25 wnits of energy, or foot-pounds.

In onr example a weight of 4,000 pounds must e raised 11.781 feet high. To
raise this weight through the first foot, 4,000 units of energy or foot-pounds will be
required; and the same amount of energy will be required to raise it through the
second feot, and again the same through the third foot, and so on until the height of
11.781 feet has been reached; therefore, the total number of units of energy, or foot-
pounds, that must be expended to raise this weight through a distance of 11.781 feet
is 4,000 x 11.781 = 47,124 foot-ponnds. In a similar way, for all engines, wo multiply
the weight, w, in pounds, which represents the adhesion, by the eircumference of the
wheel in feet, and the product will be the number of foot-pounds or units of energy
that must be expended during the time the wheel makes one revolution.

But the energy necessary to raise this weight is derived from the steam pressure
in the eylinder, and sinee the mean effective steam pressure per square inch of piston
is already given—namely, 90 pounds—it only remains to make the cylinder of such a
diameter that we ean obtain 47,124 units of energy for every turn of the wheel with a
weight attached, as shown in Fig. 8.

But now notice the fact that during the time the wheel makes one turn, raising
the weight 11.781 feet high, the piston travels through a distance equal to twice the
length of the stroke; the stroke being 20 inches, the piston travels through a distance
of 40 inches, or 3.33 feet.  During the time that the piston travels through a distanee
of 3.33 feet, 47,124 units of energy or foot-pounds must be expended, and therefore,
dividing 47,124 by 3.33 feet, we have 4—,;]}3%
means that to raise the 4,000 pounds weight throngh a distance of 11.781 feet, the
weight being attached to the wheel, as shown, will require as many units of energy
as to raise a weight of 14,151 pounds 3.33 feet high, the weight being attached directly
to the end of the piston rod, as shown in Fig. 9.

= 14,151 pounds. This last answer simply
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Now, it will be readily understood that the mean effective steam pressure on each
square inch of piston will lift a portion of this weight of 14151 pounds, aud the
amount that the pressure per square inch of piston will lift is 90 pounds; hence, divid-
' . 14151 _ .. A !
ing 14,151 pounds by 90 pounds, we have - ey 157.2 square inches. This means
that the total piston area must be 157.2 square inches. But we have two cylinders;

157.2 A ! L g : ;
therefore “— = = 78.6 square inches in the area of one piston; and a piston having an

area of 78.6 square inches, must be 10 inches diameter. Ilenee a locomotive having
four driving wheels, with 20,000 pounds placed upon them, the driving wheels being 45
inches in diameter, and a mean effective steam

\ . pressure of 90 pounds per square inch, will

s L require eylinders 10 inches in diameter and 20
B Eme i p
=T inches stroke.

Here we have ealeulated the diameters of
the eylinders suitable for a given weight placed
on the drivers. We may reverse the order of this
caleulation, and find the necessary weight that
must be placed on the drivers, when the dimen-
sions of eylinders and diameters of driving
‘wheels are given.

ExaMpLE 5.—The diameter of each eylinder
is 10 inches; stroke, 20 inches; diameter of driving wheels, 45 inches; mean effective
steam pressure, 90 pounds per square inch of piston. What is the traetive power of
such an engine? Aund how mueh weight must be placed on the drivers?

The area of a piston 10 inches in diameter is 78.54 square inches. Multiplying the
area of the piston by the steam pressure per square ineh, we have 78.54 x 90 = 7068.6
pounds total steam pressure on one piston; but there are two pistons, henece 7068.6
x 2 =14137.2 pounds, whiel is the total steam pressure on beth pistons. The stroke
is 20 ineches, and during the time that the wheel makes one turn, the piston has
traveled throngh twiece the length of the stroke; hence 20 x 2 = 40 inches, or 3.33 feet.
Multiplying the total steam pressure on the pistons by 3.33 feet, we have 14137.2 X
3.33 = 47076.876 foot-pounds, or units of energy the eylinders can exert dnring one
revolution of the wheel. The driving wheels are 45 inches in diameter; henee the ecir-
cumference of each wheel will be 141.37 inches, or 11.78 feet.

Dividing the units of energy the eylinders are eapable of exerting by the eirenm-
47076.876
11.78
engine is, therefore, capable of lifting a weight of 3,996 pounds attached to the driving
wheel, as shown in Fig. 8; or, in other words, the tractive power of this engine is eapa-
ble of overcoming a train resistance of 3,996 pounds. In a similar manner, the tractive
power of any engine may be found, namely, by multiplying together twice the area in
square inches of one piston, the mean effective steam pressure per square inch, and

Fig.9

ference of the wheel, we have = 3,996 * pounds. The tractive power of the

* This answer would have been 4,000, instead of 3,996, if the decimal fraction in the 3.33 fect (obtained by
multiplying tho stroke by 2) had been exact.
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twice the length of the stroke in feet; then dividing this product by the eircunference
in feet of the wheel, the quotient will be the tractive power of the engine.

This rule can be greatly simplified, as we shall presently show. The tractive
power and the adhesion are represented by the same number of pounds; therefore
multiplying the tractive power by 5, we have 3,996 x 5 =19,980 pounds, whieh is the
weight that must be placed on the drivers of this partienlar engine. Ourv answer, then,
to Example 5 is: Tractive power, 3,996 pounds; weight on drivers, 19,980 pounds.

WEIGHT OF ENGINES.

24, In Example 4 it has been shown how to find the diameters of the eylinders when
the weight on the drivers and the diameters of the same are known; and in Example
5 it has been shown how to find the weight on the drivers when the dimensions of the
eylinders and diameters of driving wheels are known.  From the reasoning connected
with these examples, we conclude that the tractive power should not be move or less
than the adhesion—a faect which we have stated before. We may also reasonably con-
elude that, when the dimensions of the eylinders and the diameters of the driving
wheels of any engine are given, and if we assume that, in all cases, the mean effeetive
steam pressure per square ineh of piston is 90 pounds, we may at once arrange, for
future use and reference, a table for each class of engine, showing the traetive power
of each, the necessary weight on the drivers, and the nmnber of tons of 2,000 pounds
that each engine can haul on a straight and level track. Indeed, we may extend these
tables so that the weight on the truck, and consequently the total weight of each
engine, will at once be scen.

With these objects in view, the following tables have been prepared. In these
tables, columns 1 and 2 are exactly the same as those given in tables 1, 2, 3 and 4. In
column 3 of all the following tables the adhesion is given and, sinee the adhesion and
tractive power are expressed by the same number of pounds, these figures are obtained
by finding the tractive power of each engine, and for this purpose the small diameters
of driving wheels given in eolummn 2 are always used. The weight on drivers is shown
in column 4, which is obtained by multiplying the adhesion by 5 for all classes of
engines. Column 5 gives the weights on the trucks; the caleulations for these weights are
based upon observations. Thus, it has been notieed that the weight on the truck for an
eight-wheeled engine is about one-half of that placed on the drivers; henee, multiplying
the weight placed on drivers by the decimal .5, the weight on the truck will be known.

For Mogul engines, we multiply the total weight on drivers by the decimal .2, and
the produet will be the weight on the truck.

For ten-wheeled engines, the total weight on the drivers multiplied by the decimal
32 will be equal to the weight on the truck.

And lastly, for consolidation engines, the total weight on drivers multiplied by
the decimal .16 will determine the weight on the truck.

For instance, to find the weight on the truck for an eight-wheeled engine with
eylinders 17 x 24", we multiply the total weight on drivers for this engine, given in
colnimn 4, by .5; henee, we have 52,020 x.5 = 26,010 pounds, which is the weight on
truck.
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For a 17”7 x 24 Mogul engine, we have 63,697 x .2 =12739 pounds = weight on
truck.

For an 18” x 24” ten-wheeled engine, we have 68,611 x .32 = 21,955 pounds =
weight on trueck.

And for a 20" x 24" consolidation engine, we have 90,000 x .16 = 14,400 pounds =
weight on trunek.

In eolumn 6, the total weight of each engine is given, whieh is obtained by adding
the weight on the drivers to the weight on the trnek. Dividing the adhesion given in
column 3 by 74, will give us the number of tons of 2,000 pounds that the engine is
capable of hauling on a straight and level track; these figures are given in colnmn 7.

The weight of engines given in these tables will be found to agree generally very
closely with the actual weights of locomotives reeently built, althongh it must uot be
expeeted that these weights will agree in every case with the aetual weights, because
different builders do not build their engines alike.

The given weights on the trucks for Mogul or consolidation engines may differ
considerably from the aetual weights, yet this shounld not be a matter of surprise,
beeause the weight on a truck for either of these engines ean be changed withont
changing the total weight of engine, and, indeed, often the pieces of mechanisim con-
neeting the truck to the engines are so arranged that a heavy or light weight can be
thrown on the truck while the engine is standing on the track.

Yet the figures in these tables, indieating the weights on the trucks, can be safely
taken as guides in construeting and proportioning an engine.

The actual weight on trucks for cight-wheeled or ten-wheeled engines will not
differ much from those given in the tables, because these weights depend greatly on
the difference between the total and rigid wheel bases, and these are not often ehanged
by the different builders. The ratio of the rigid and total wheel bases is generally the
same in all eight-wheeled engines, and the same may be said of ten-wheeled engines.

1t has already been stated that the rule (as before given) for finding the tractive
power of an engine can be greatly simplified. To explain this, we will again state the
former rule, but, instead of writing it in the ordinary langunage, we will employ a num-
ber of simple arithmetical signs. This will enable nus to bring the whole mode of
operation under the eye, and follow it without taxing our memory; henee this rule will
read as the following:

JYULE A.

Area of piston in sq. in. x mean cffeetive steam pressure per sq. in. x stroke in ft. x2x2 3
- - - — —— — ——————— = fraetive power,
Circumference of driving wheel in feet

For the sake of distinetion we have ealled this Rule A. Now, remembering that
the area of a piston is found by multiplying the square of its diameter by .7854, and
also that the circumference of a wheel is found by multiplying its diameter by 3.1416,
we ean put in the place of “arca of piston in square inches,” in Rule A, the method of
finding this area, namely, square of diameter in inches x .7854; and, in the place of
“circumference of awheel in feet” we may put diameter of wheel in feet x 3.1416; conse-
quently, the wording of the Rule A will be changed, and read like Rule B:
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RuLe B.

Sq. of diam. of piston in in. x .7854 x mean effeetive steam pressure per sq. in. x siroke in ft. x 2 x 2 4
T e : = e ———————= traetive power.
Diameter of driving wheel in feet x 3.1416

If, now, we multiply the decimal .785¢ by 2, and again by 2 (figures which are
found above the line in Rule B), we have a produet of 3.1416. Below the line, in Rule
B, we find the same figure—that is, 3.1416; hence we may cancel all these figures, or,
in other words, we may throw ont of the Rule B the decimal .7854 and the figures 2 x 2,
all found above the line, and the fignre 3.1416, which is fonnd below the line. Doing
so, the wording of the Rule B will be changed to that of

RuLe 3.

Square of diameter of oue piston x mean effective steam pressure per squaro inch x stroke in feet
Diameter of driving wheel in feet

= tractive power.

In ordinary langnage, Rule 3 wonld read: multiply together the square of the
diameter in inches of one piston, the mean effective steam pressure per square inch
and the length in feet of one stroke. The produet thus obtained, divided by the
diameter in feet of one wheel, will be the tractive power.

ExaypLE 6.—What is the tractive power of a locomotive whose eylinders are 17
inches in diameter and 24 inches stroke? The mean effective steam pressure is 90
pounds per square inch, and the driving wheels 60 inches in diameter.

1Tx17x 90 x 2
)

= 10404 = tractive power.

If the tractive power had been caleulated according to Rule A, the result would
have been the same. But Rule 3 is evidently the simplest, and a great amount of time
and labor will be saved by using it.

All the figures expressing the adhesion in pounds, as shown in eolumn 3 in all the
following tables, have been found according to Rule 3:

TABLE 5.
EIGII'T-WHEELED LOCOMOTIVES.

I
: Haullng Capacityon Level Track
Dianﬁvyt:ei: dcé‘; roke. D,Tl’v",‘,',’;m,s. Adhesion. | Welght ou Drivers, | Weight on Truek. | Total Weight, | In Tmcl:?u(:lfi ;.;’,goqllel;g:gdn, in-
Column 1, Columu 2. Column 3. Column 4. Column 5. Column 6, Column 7.
Inches, Inches. Lbe. Lbs. Lbs, Lbs.
10 x 20 45 to 51 4000 20000 10000 30000 533
1l x 88 45 to 51 5324 26620 13310 39930 709
12 x 22 48 to 54 5040 29700 14850 44550 792
13 x 22 49 to 57 6828 34140 17070 51210 910
14 x 24 55 to 61 7697 38485 19242 aT727 1026
15 x 24 55 to 66 8836 44180 22090 66270 1178
16 x 24 58 to 66 9533 47665 23832 71497 1271
17 x 24 60 to 66 10404 52020 26010 78030 1387
18 x 24 61 to 66 11472 57360 28680 86040 1529

Figures in columns 1 and 2 are the same as those in Table 1.
Figures in eolumn 3 are obtained aeeording to Rule 3.
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Figures in eolumn 4 are obtained by multiplying the figures in eolumn 3 by &
Figures in eolumn § are obtained by multiplying the figures in column 4 by .5.
Figures in eolumn 6 are obtained by adding the figures in column 4 to those iu eolunn 5, and are the weight
of engines in working order with water and fuel.
Figures in column 7 are obtained by dividing the figures in column 3 by 74.

TABLE

6.

MOGUL ENGINES.

Cylinders, Diameter of
Diameter. Stroke. | Driving Wheels.
Column 1. Column 2,
Inches. Inches.
11 x 16 35 to 40
12 x 18 36 to 41
13 x 18 37 to 42
14 x 20 39 to 43
15 x 22 42 to 47
16 x 24 45 to 51
17 x 24 49 to 54
18 x 24 51 to 56
19 x 24 54 to 60

Adhesion.

1

Column 3. I

Lbs.

4978.2
6480
7399.4
9046
10607
12288
12739.5
13722.3
14440

Weight on Drivers.

Colmnn 4,

|

Weight on Trucks. |

Column 5.

Total Weight.

Colnmn 6,

Hauling Capacity on Level Track
in Tous or}"z (tg’l Pounds, in-

c]udmg ‘Tender,

Column 7.

Lbs.
24891
32400
36997
45230
53035
61440
63697
68611
72200

Lbs.
4978
6480
7399
9046
10607
12288
12739
13722
14440

Lbs.
29869
35880
41396
54276
63642
73728
76436
82333
86640

663
864
956
1206
1414
1635
1698
1829
1925

Fignres in eolumns 1 and 2 are the same as those in Table 2.

Figures in eolumn 3 are obtained according to Rule 3.

Figures in ecolumn 4 are obtained by muitiplying the figures in eolumn 3 by 5
Figures in eolurun 5 are obtained by multiplying the fizures in column 4 by .2.
Figures in eolumn 6 are obtained by adding the figures in eolumn 4 to those in column 5, and are the weight
of engines in working order with water and fuel.
Figures in eolumn 7 are obtained by dividing the figures in ecolumn 3 by 7.

TABLE 7.

TEN-WHEELED ENGINES.

3 Total Weight, (11anling Capacity on Level Track
Cylinders. Diameter of . vt , I P EDACIvOR o
Dimneu;r. ostroke. Driving Wheels. Adhesion. | Weight on Drivers. | Weight on Truek. “a ilzlé }}u:z,ler in 'I‘g]r::l ionfgf«.’ 'qug (}gmds, in-

Column 1. Column 2. Column 3. Column 4. Column 5. Column 6. Column 7.

Inehes, Inches. Lbs, Lbs. Lbs. Lbs.

12-x 18 39 to 43 5981.5 29907 9570 39477 797

18 x 18 41 to 45 6677.5 33387 10683 44070 890

14 x 20 43 to 47 8204.6 41023 13127 54150 1093

15 x 22 45 to 50 9900 49500 15540 65340 1320

16 x 24 48 to 54 11520 57600 18432 76032 1536

17 x 24 51 to 56 12240 61200 19584 80784 1632

18 x 24 51 to 56 13722.8 65611 21955 90566 1829

19 x 24 54 to 60 14440 72200 23104 95304 1925

Figures in columus 1 and 2 are the same as those in Table 3.

Figures in eolumn 3 are obtained aceording to Rule 3.

Figures in column 4 are obtained by mnltiplying the figures in column 3 by 5.

Figures in column 5 are obtained by multiplying the figures in eolumn 4 by .32.

Figures in eolumn 6 are obtained by adding the figures in column 4 to those in column 5, and are the weight
of engines in working order with water and fuel.

Figures in eolumn 7

7 are obtained by dividing the figures in eolumn 3 by 74.






CHAPTER I1I.

CONSTRUCTION OF CYLINDERS.—STEAM PIPES.—SLIDE-VALVES,

25. The general practice in the United States is to place the eylinders outside the
frames A, A4, as shown in Figs. 10 and 11; but on further examination of these two
figures, we find that there is a considerable differenee in the construction of the eylin-
ders, so that we may divide these into two classes. In one class we may place the
eylinder with half the saddle cast in one piece; and in the other class we may place the
eylinder with the saddle cast separate. The following explanation will help the reader
to gain a clearer understanding of the difference of these construetions.

Fig. 10 shows an end view of a eylinder with half the saddle cast to it. In this
ease the cylinder casting is extended over the frame 4 to the center of the boiler, and
here meets a similar extension from the opposite eylinder (not shown in this figure),
the two being bolted together by the bolts b, b, b. These extensions of the eylinders,
or those parts of the castings whieh extend from frame to frame, constitute the eylin-
der saddle; henee this type of eylinder is known by the term “eylinder and half-saddle
sast in one.”

26. Fig. 11 shows a locomotive eylinder belonging to the seeond elass, in which
the saddles are cast separate, the eylinder being bolted to the saddle by the bolts C; ';
the manner of fastening these to the frames is similar to that of the former eylinders.

Cylinders with half-saddle cast in one are generally nsed, becanse only one pattern
is needed for both eylinders in a locomotive ; whereas, the saddle being cast separately,
we need a greater mumber of patterns.

27. In this ehapter we will econsider only the eylinders with half-saddle east in one
because they are the most popular ones. The arrangement of the steam-ways, steam
passages, exhanst passages, as well as all other details of these eylinders, are shown in
Figs. 12, 13, and 14.

Fig. 12 shows a section lengthways of the e¢ylinder, the seetion being taken through
the line @, b, drawn in Fig. 14.

Fig. 13, right-hand side, shows a seetion of the eylinder and saddle taken throngh
a line ¢, d, drawn in Fig, 14,

Fig. 13, left-hand side, shows an ontside end view of the ¢ylinder and half-saddle.

Fig. 14 shows a plan of the eylinders and saddle; the right-hand side of this figure
shows a seetion of half the saddle, the section being taken through the line e, £, dvawn
in Fig. 13. Similar letters in these three views indicate the same pieees or parts of the
cylinder and saddle.

In Fig. 12 the eylinder heads, piston, and piston-rods are shown, but these have
been omitted in all the other figures.
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steam-chest seat with the openings marked .J,, JJ,, and both of these openings lie inside
the steam-chest (the steam-chest is not shown in these illnstrations).

28. By dividing this steam passage into two branches three advantages are gained.
First, the steam will he delivered at each end of the steam-chest, so that the steam can
freely enter the steam ports. Second, a right and left-hand eylinder pattern will be
avoided, and only one pattern needed for both eylinders. Third, if the eylinders are
accurately planed and fitted to gauges, they will be interchangeable; that is, we ean
use such a eylinder for either side of the engine.

29. The duty of the steam passage is to eonduct the steam into the steam-chest;
the steam enters the opening .J;, and is delivered into the steam-ehest through the open-
ings J,, J,. This is the only duty the steam passages have to perform, and eonsequently
the steam in these passages will always flow in one direction, as shown by arrows 2.

30. K represents the exhaust passage. This terminates with one opening in the
valve seat, and this opening, marked K, is ealled the exhanst port; the other end ter-
minates with a round opening K,, a little above the saddle. Some designers make the
form of this opening a semieircle; others, again, will make it a square or oblong; and
which of these forms is to be adopted will depend greatly upon the judgment and
faney of the designer. The duty of the exhaust passage is to conduet the steam ount of
the eylinder after it has performed its work. In this passage the steam will always
flow in a direection as indieated by arrow 3.

31. On cach side of the exhaust passage, Fig. 12, is a echannel or passage marked
L Lj these passages are ealled the steam-ways. For the sake of distinetion we shall eall
the steam way nearest the front eylinder head, the “front steam-way,” and the other
one, the “back steam-way.” These steam-ways terminate with the openings L,, L, in
the valve seat, and these openings are ealled the steam ports. The steam-ways have a
double duty to perform, namely, they must eonduct the steam into the eylinder, and
after the steam has performed its work, they must eonduct the steam out of the
eylinder. For instanee, when the piston stands in the position as shown in Fig. 12,
the steam will be eondueted throngh the front steam-way into the cylinder space
between the front eylinder head and piston, and the steam will flow through this
steam-way in a direetion as shown by arrows 4. On the other side of the piston the
steam is condueted out of the eylinder, flowing throungh the back steam-way in a
direetion as indieated by arrows 5.

But now, when the piston stands near the back eylinder head, then the back steam-
way will eonduet the steam into the eylinder, the steam flowing in an opposite
direetion, to that shown by the arrows 5, and, in the meantime, the front steam-way
will condunet the steam out of the eylinder, cansing it to flow in an opposite direction
to that indicated by the arrows 4.

Here, then, the reader will perceive what was meant by saying the steam-ways
have a double duty to perform. We draw partieular attention to this fact, as we shall
allude to it again.

The metal or small bars marked 3, between the steam ports and the exhaust port,
are called bridges.

32. N, N represent the eylinder cocks. O represents the boiler, or to be more
precise, the smoke-box of the boiler, to which the eylinders are firmly bolted as shown.
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PISTON AND ENGINE CLEARANCE.

33. Piston clearance is the distanee P> between the piston and eylinder head at the
end of a stroke. In locomotive eylinders it varies from } to 3 ineh; it is generally
equal to 3 of an inch. The term “ piston clearance” must not be eonfounded with the
termn “ engine clearanee,” or simply elearanee, which is the space between the piston
and head plus the volume of the steam-way, or we may say, that the engine clearance
is the whole minimmn space between the piston and the valve face at the eompletion
or beginning of a stroke.

COUNTERBORE.

34. The eylinder is counter-bored at each end, generally } of an ineh larger in
diameter than the bore of the eylinder. The depth of the counterbore should be sueh,
that when the piston stands at the end of a stroke, as shown in Fig. 12, the packing
ring, g, will not project more than } of an ineh beyond the edge of the counterbore, or
when the piston stands at the opposite end of the stroke, the packing ring, 2, will not
project more than § of an inch beyond the edge of the corresponding eounterbore. In
any ease care must be taken to regulate the depth of the counterbore so as not to allow
the whole width of any of the packing rings to pass over it. It will be readily nnder-
stood that should any of the packing rings travel beyond the edge of the counterbore,
they will at onee adjust themselves to the larger diameter, and thus prevent the piston
from returning withont doing considerable damage.

35. For the eylinders such ecast-iron should be selected as will wear well and
equally ; it mnst be hard and homogenecous, yet not so hard as to prevent the tools
from entting during the proecess of boring, planing, drilling, and tmming. .

36. The joints beween eylinder and eylinder heads are made metal to metal, and
gromud ; the part to be ground is allowed to project a little beyond the face of the
flange, as shown in Figs. 12 and 14,

The bolts seenring the eylinder heads to the eylinder are usually placed from 43
to 53 inches from center to center, and these distanees will determine the number of
bolts to be nsed. Their diameter should be such that the stress brought upon them by
the steam pressure alone will not exceed 5,000 pounds per square inch.

CYLINDER PROPORTIONS AND DETAILS.

37. To find the diameter of a cylinder-head bolt we must first know the initial
steam pressure in the cylinder, that is, the steam pressure at the beginning or near the
beginning of the stroke. We believe that 120 pounds per square inch for the initial
steam pressure will agree very elosely with ordinary practice, but the tendency is to
work with higher stean pressure than this. Assnming that 120 pounds per square
inch for the initial pressure is correct, the diameters of the bolts for the eylinder head
can easily be found.

For example, let it be required to find the diameter of the eylinder-head bolts, the
eylinder being 16 inches in diameter, and the bolts to be placed about 5 inches from
center to center.
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The area of a eircle 16 inehes in diameter is 201 square inehes; multiplying this
area by the initial steam pressure per square inch, we have 201 x 120 = 24,120 pounds;
this is the force which the eombined strength of all the bolts in one eylinder head must
be eapable of resisting, independent of the stress that
is alrcady placed on these bolts by the use of the serew
wrench. Placing these bolts abont 5 inches from een-
ter to center, we find that twelve bolts are needed.
Dividing the 24,120 pounds by 12, we have 2422 = 2,010
pounds. This means that eaeh bolt must be capable
of resisting a pulling force of 2,010 pounds.

The area of the cross-sectioun of a bolt must be such
that eaeh square ineh will be subjected to a stress of
not more than 5,000 pounds. But now the pulling
force on the bolt is less than 5,000 pounds, hence the
arca will also be proportionately less than one square
ineh. Therefore, to find the arca of eross-section of
the bolt we divide 2,010 by 5,000, and 2§55 = .4; this
means that the area of the eross-seetion of the bolt Fig. 16 1
must be 7 of a square inch, and eonsequently will be
very nearly § of an ineh diameter. Adding to this
diameter, twice the depth of thread, we find that the
bolts for a 16-ineh eylinder head shounld be Z of an inch
in diameter.

38. Some master meehanies objeet to bolts in the
eylinder head, and demand studs in plaece of them.
Their objection to bolts is, that in case a bolt should
break, the whole eylinder lagging (marked R, R in
Figs. 12 and 13) must be taken off in order to place a
new bolt in position. On the other hand, should a
stud break, that part left in the eylinder flange can be
drilled ont, without disturbing the cylinder lagging,
and henee the preferenee for stunds.

39. The cylinder lagging consists of strips of ordi-
nary pine fitted around the eylinder, the thiekness of
these strips filling the whole space between the body
of the eylinder and the outside of the flanges. The
writer believes that a few thicknesses of asbestos paper
placed around the cylinder, and then the remaining
spaee filled with wood, as shown in Figs. 12 and 13, is
the best practice.

40. Figs. 15,16, 17, 18, and 19 show the thicknesses
of metal in locomotive eylinder heads, eylinders, and
their flanges. These dimensions have been obtained by aetnal measurements of the
metal in cylinders belonging to acknowledged first-class modern locomotives, and
suitable for an initial pressure of 120 pounds per square inch. In these figures it
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will be noticed that the cylinder flanges are cousiderably thicker than thosc of the
eylinder head ; this is certainly a good praectice, because in case a fracture should take
place through some obstrnction between cylinder head and piston, tho break will
oceur in the eylinder head, and not in the eylinder flange; and thus, on account
of the comparative cheapness with which a eylinder head can be replaced, costly
repairs and vexing delays will be avoided, such as are sure to follow when the cylin-
der flange is injured.

41. In order to insurc a good cylinder ecasting, the thickness of tho bridges should
be about the same as that of the cylinder barrel, and the thickness of metal around the
exhaust passages, the steam passages, and sides of the saddle may be made about % of
an inch less for the smaller cylinders, and about § of an inch less for the larger eylin-
ders.

42, It sometimes oeceurs in connection with railroads, that ferry-boats must bo
used in which the eylinders are very large in diameter. To determine the thickness of
nietal in these cylinders, the following facts must be taken into consideration: first, the
thickness of metal must be sueh, that when the eylinder is subjected to the maximum
steam1 pressure, fracture cannot take place; sccond, a sufficient amount of metal must
be allowed for reboring; third, the eylinder must be sufficiently stiff to prevent jarring
during the proecess of boring and planing; and lastly, eylinders must be sufficiently
strong to maintain their eirenlar form. Rules for finding the thickness of metal in
eylinders that will satisfy all the foregoing demands have been given by a number of
eminent writers.

The following rule has been copied from J. D. VanBuren’s book on “formulas for
the strength of the iron parts of stcam machinery.,” In the writer’s opinion this is the
best rule, and will always give the proper thickness for all marine or stationary steam-
engine cylinders. For locomotive eylinders the thickness found according to this rule
will be rather light when compared with the thieknesses given in Figs. 15, 16, 17, 18,
and 19.

RurLe 4—To find the thickness of metal in eylinders: Multiply the diameter of
the eylinder in inches by the steam pressure per square inch, also multiply this prod-
uet by the constant decimal fraetion .0001; add to this last produet the square root of
the diameter of the eylinder in inches multiplied by the constant decimal fraction .15;
the result will be the thickness of metal in the barrel of the eylinder. Or we may write
this rule thus:

(Diam. of eyl in inches x steam pressure persq. ineh x .0001) + .15 4/ diam. of cyl. in inches = thiekness of cyl. wall.

ExamrLe 7.—What must be the thickness of metal in the barrel of eylinder, 49
inches in diameter, for 60 pounds’ stcam pressure per square inch?

(49 x 60 x .0001) + .15 V49 = 1.34 inch = thickness of metal.

Now let us find, according to rule, the thickness of metal in a locomotive eylinder
16 inches diameter.  Assuming that the greatest steam pressure these cylinders have
to resist is 120 pounds per square inch, we have

(16 x 120 x .0001) 4 .15 V16 = .7920 of an inch,
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that is, the thickness of metal in the barrel of eylinder should be fully 3 of an ineh.
Comparing this thickness with that given in Fig. 16, we find that the thickness found
aceording to this rule is hight; in locomotive eylinders it should have been one.inch, as
shown. By a little reflection we ean discover the reason why the thickness of metal in
locomotive eylinders should be more than in eylinders for marine or stationary engines.
In locomotive eylinders more metal must be allowed for reboring than in cylinders for
the other classes of engines, beeause in a locomotive the piston speed is generally very
high, and besides this, in locomotive engines ashes acenmulate around the exhaust
nozzle in the smoke-box, and should then the engine be in motion with steam shut ofi
(which ocecasionally oceurs), ashes are sometimes drawn in the eylinder through the
exhaust passage, and the eonsequence of such an evil, and the necessity of reboring, can
easily be conjectured. Henee, the thickness of metal in a eylinder found according to
this rule should be inereased from 3 to } of an inch for locomotives.

STEAM PORTS AND EXHAUST PORT.

43. Figs. 20 and 21 show the steam ports and the exhanst port. The form of these,
also the length, breadth, and area of the sanie, are now to be considered and deter-
mined.

In Fig. 21 it will be noticed that the ends of the steam ports have the form of a
semi-circumference of a ecircle, and the straight hnes smrrounding the exhanst port
are joined by ares, whose radii are equal to
those of the semi-circumferences of the ends
of the steam ports. DPorts formed in this
manner are superior to ports with square
ends, because the sliding surface of the
valve, aud the valve seat having square-

ended ports, are liable to wear into grooves
and ridges, particnlarly at the angles. Again,
making the ends of the ports semicirenlar, as shown, adds strength to the bridges.
This form of ports will also enable us to true up the whole port with a milling tool,
and facilitate the application of a template which is to guide the milling tool, thus pro-
viding for making the ports in all eylinders of one elass exaetly alike in regard to length,
breadth, and distance between them; such acenracy is a matter of great importance in
locomotive engineering.

The length of a steam port is, within certain limits, a matter of choice. The length
is often made eqnal to the diameter of the eylinder, sometimes a little less, but should
never he less than # of the diameter of the eylinder. When the length of a steam port
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has been established, then its breadth must be sueh that the port will have the proper
area. llere, then, we see that before both the length and the breadth of a port can be
decided upon, the area of the port must be known.  'We have already pointed out in Art.
31 that the steam-way has a double duty to perform, namely, to admit steam into the
eylinder, and to conduet it ont of the same. To conduct the steam out of the eylinder
requires a steam-way of greater eross-seetion than that which simply admits the steam;
and sinee the port area really represents the cross-seetion of a steam-way, we conclude
that the port area for eonducting the steam out of the cylinder must be greater than
would be required for admitting the steam. The reason of this is that, when the steam
is admitted into the eylinder, the pressure of the steam is very nearly econstant, because
the pressure is sustained by the flow of steam from the boiler, and, eonsequently, the
velocity of the steam will be nearly constant. But, on the other hand, when the steam
is allowed to escape, the pressure of the steam is generally less than it was when it
entered the eylinder, and therefore the veloeity of the steam will be slower. Again, as
the steam continnes to escape the pressure in the eylinder becomes gradually lower,
and consequently the veloeity also decreases. Now, the steam must be discharged as
quickly, or nearly so, as it was admitted ; but, since the velocity of the steam is slower
when it flows into the air than when it flowed into the c¢ylinder, the area ot the steam
port for the release of steam must be larger than the area that would be required for
the admission of steam. We therefore conclude that if the area of a steam port is large
enongh for the release of steam, it will always be large enough for the admission of
steam.

We find in the valuable work of D. K. Clark on “Railway Machinery,” that for a
piston speed of 600 feet per minute, a good exhaust will be obtained when the area of
the steam port is i}, the area of the piston, the steam being in an ordinary state as to
dryness. Assuming that for a slower piston speed the area of the steam port must be
proportionately less, and for a faster piston speed proportionately larger, we have all
the data necessary to find the area of the steam port suitable for any given diameter of
eylinder and piston speed. Now, sinee for a piston speed of 600 feet per minute the
port arca must be #; of the area of the piston, and for other speeds the port area must
be in proportion, we may put our data in the following form:

600 is to the given piston speed in feet as 5 of the piston area in inches is to the port
arca; or thus:
600 : the given piston speed in feet :: % of the piston area in inches : the port area.

But writing our data in this form, we reeognize a statement of the simple rule of
proportion; in order, then, to find the required port area, we must follow the rule of
proportion, consequently we have

Rule 5.

600 = port area in fractional parts of piston area.

In ordinary language this rule would read: The given piston speed in feet per

minute mnltiplied by %, and this produet divided by 600, will be equal to the port area
in fractional parts of the piston area.
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Then, multiplying the area in square inehes of the piston by the port area found by
Rule 5, we obtain the number of square inehes that the steam port area must eontain.

ExaymrLe 8.—Find the steam port area snitable for a eylinder 17 inehes in
diameter, and a piston speed of 650 feet per minute.

Aceording to Rule 5, we have—
650 x .1 .
B k-
108

that is, the port area must be equal to /4% part of the piston area. The area of a
piston 17 inehes in diameter is 226.98 square inches, henee 226.98 x .108 = 24.51384.
This means that the steam port area must be eqnal to 244 square inehes for this partie-
ular piston speed. Of eourse, for a slower piston speed, this port area should be less.
For instanee, if the piston speed is to he 500 feet per minute, and the diameter of the
eylinder 17 inches, as before, we have—

500 x .1
600

and the piston area 226.93 x .083 = 18.8 square inches for port area.

With the aid of Rule 5 we may arrange the following table, showing the ratio of
port area to piston area. This table will be found nseful and eonvenient, becanse with
it the area of the steam port ean be found with less time and labor.

= .083;

TABLE 9.

PROPORTIONAL STEAM PORT AREA.

. S = e el
Speed of Piston in Feet Per Minnte. l Port Area in Fractional Parts of Piston Area.

.116 J

Rurk 6.—To find, with the aid of Table 9, the area of a steam port suitable for a
given diameter of eylinder and a given piston speed: Multiply the area in square inehes
of the piston by the deeimal fraction found in Table 9 on the same line that the given
piston speed is indieated, the produnet will be the steam port area in square inches.

ExampLE 9.—Find the area of a steam port suitable for a eylinder 14 inches in
diameter, and a piston speed of 450 feet per minnte.

The area of a piston 14 inches in diameter is 153.9 square inches; referring to the
piston speed of 450 feet in the Table 9, we find on the same line the decimal fraction
075, henee 153.9 x .075 = 11.5425; that is, the steam port area should be equal to 113
square inches.

We have already stated that the length of the steam port should be equal, or very
nearly so, to the diameter of the cylinder, and not less than § of the same. If, then,
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the length has been decided upon, we simply divide the area of the steam port by the
length, and the quotient will be the neecessary width of port. Or, if we are compelled
to adopt a eertain width for the steam port, we divide the area of the port by the
width, and the quotient will be the length of the port. In these caleulations, for the
sake of simplicity, we consider the ports to have square ends, as the arca that is lost in
making the ends eireular is so small that it may be negleeted.

44, The length of the exhaust port is always made equal to that of the steam port.
For finding the breadth of the exhaust port, a graphie process has been here adopted,
and such as, the writer believes, will be easy to follow and understand. Fig. 22 shows
a seetion of a slide-valve, exhaust and steam ports. The valve is shown to stand in
two positions on the valve seat. When in the position marked 4 the valve stands in
a central position, that is, midway of its extreme travel, and when in position B it
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stands at one end of its extreme travel. In this latter position we notice that the
opening of the exhaust port is considerably contraeted, and should, then, the opening
C be much smaller than the width of the steam port, the free escape of the exhaust
steam would be interfered with.

We consider it to be good practice to make the exhaust port wide enough so that
when the valve stands in an extreme position, as at I3, the opening C will then be equal
to the width of the steam port. Therefore, to find the width of the exhaust port, first
indicate on paper the width of the steam port and the thickness of the bridge (see Iig.
23). On these draw a portion of the slide valve in an extreme position, as shown, and
then make the exhaust port wide enough so that the opening ' will be equal to the
width of the steam port. Generally, when this rule is followed, the width of the
exhaust port will be equal to about twice that of the steam port for locomotive engines;
henee it is often said, that the width of the exhaust port should be equal to twice that
of the steam port for all engines. This statement should be received with cantion, as
it might lead to error. Following the graphic method here explained, satisfactory
results will always be obtained.

45. The valve seat for locomotive cylinders is generally raised one ineh above the
surrounding surface, so as to allow for wear.
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The length of the valve seat (see Fig. 22) should be such that the valve may con-
siderably overshoot it at cach end of the travel when in full gear; this will promote
uniformity in wear, but care must be taken not to make the valve seat too short,
because then the steam would pass underneath the valve into the steam port.

STEAM PIPES.—STEAM AND EXHAUST PASSAGES.

46. Figs. 24 and 25 show the steam pipes and the manner of connecting these to
the eylinders. The steam pipe has only one duty to perform, namely, eondueting the
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steam to the cylinder, and therefore its eross-sectional area is made less than the area
of a steam port through which the steam is both admitted and exhausted.

It has been found that for a piston speed of 600 feet per minute good resnlts will
be obtained when the cross-seetion area of the steam pipe is equal to .08 (that is, 1{¢)
of the area of the piston; for slower piston speeds proportionally less, and for higher
piston speeds proportionally greater. Consequently, to find the evoss-sectional area of
a steam pipe, we again apply the rule of proportion, thns:

600 : given piston speed : : 0.08 : steam-pipe area in fractional parts of piston area.

From the foregoing remarks, we ean establish—

RurLe 7.—Multiply the given piston speed in feet per minute by the decimal .08,
and divide the product by 600; the quotient will be the eross-sectional area of the
steam pipe in fractional parts of the piston area. Or, writing this rule in the form of
a formula, we have—

Given piston speed per minute x .08
600
Then, multiplying this proportional area by the piston area in square inches, we
obtain the nummber of square inches in the steam-pipe area.

= steam-pipe area in fractional parts of piston area.

Ty ——
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Examrre 10.—Find the cross-sectional steam-pipe area suitable for a cylinder 17
inches in diameter, and a piston speed of 500 feet per minute.
According to Rule 7, we have—

500 x .08 _ ..
7 wEen 0666

This means that the steam pipe area must be equivalent to ;§§8y of the piston
arca. The area of a piston 17 inehes in diameter is 226,98 square inches; there-
fore, 226.98 x.0666 = 15.116868. That is, the cross-seetional steam-pipe area should be
154 square inches.

With the aid of Rule 7, the following table has been arranged, showing the ratio
between the steam-pipe area and the piston area for different speeds.

Using this table when the steam-pipe area is to be found, time and labor will be
saved. To find the cross-seetional area of the stemn pipe with the aid of this table, we
have—

RurLe S.—Multiply the area of the piston in square inches by the decimal fraction
found in Table 10, ou the same line that the given piston speed is indicated ; the prod-
uet will be the number of square inches in the eross-sectional arca of the steam pipe.

TABLE 10.

PROPORTIONAL STEAM-PIPE AREA.

Speed of Piston In Feet Per Minute. Steam-pipe Area in FF&iOnnl Partx of Piston
0 i oo SRR o E T S 026
I o daoc s dUL s r S | IR adtoo oo .033
i he ™ 0 00 30 0 OO diu 4 1O R R R S .04
SOOI V. PR oy | .046
AP i Bee Sl i 053
480 Jvr WA Tl i TP L b oviee 5ot Bo 50 .06
Gl YR Dok T | R Y T SN .066
T o S o R T I S .073
L UOSTOSE AVA T o voe .08
QB0 AN SNy, SR L R, 086
TOPNT 5 o RS ee L OO0 | SOBGO0CE L O 4T .093

Exampre 11.—Find the steam-pipe area suitable for a eylinder 16 inches in diam-
eter, and a piston speed of 450 feet per minute.

Referring to Table 10, we find ou the same line with the given piston speed of 450
feet the decimal .06. The area of a piston 16 inches in diameter is 201 square inches;
therefore, 201 x .06 = 12.06. That is, the steam-pipe areca should contain 12 square
inches. _

47. In Fig. 24, the area of the opening .J of the steam passage should be the same
as that of the steam pipe, beeause the steam passage is a continuation of the steam
pipe. Consequently, when we know the area of the steam pipe, we also know the area
of the opening .J, and when we know the area of this opening, its diameter is easily
found by referring to a table of areas of eircles, or by one of the simple rules of men-
suration. From these remarks, we may correctly infer that, for instanee, a eylinder 17
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inches in diameter and a piston speed of 600 feet per minute will require a larger area
in the opening J than the same cylinder would require for a piston speed of 500 feet
per minute; and, since the piston speed is not the same in all locomotives, we would
naturally expeet to find a number of core boxes of different size for cach eylinder, so
that the size of a steam passage could be changed in a eylinder pattern to suit some .
particular piston speed. To carry out such a system would require too great a variety
of patterns; and to aveid this, master mechanics and manufacturers generally group
the eylinders, according to their diamecter, into different classes, and adopt for cach
class some partienlar diameter for the opening .J.

In the following table, in column 2 are given the diameters of the openings J for
the different classes of eylinders, such as are generally adopted ; of course, some makers
will vary slightly from these figures. In column 3 the diameters of the exhaust open-
ing (marked K, Fig. 24) are given. If these exhaunst openings are made square, or of
some other form, their area should contain about the same number of square inches as
the circular openings corresponding to the diameters given in column 3, Table 11.

TABLE 11.

SIZE OF STEAM AND EXHAUST OPENINGS.

Column 1, Colnmn 2. Column 3.
Diameter of Cylinders. Diameter (i)rfx %ﬁ%g;)pemng J, [Diameter of;’llﬂ.\inxc\illzﬁf)[uerllng K,

10 3 33

11 3 33

12 33 +

13 33 4

14 41 5

15 4} 5 E
16 4} 5

1\ 4% 5

18 4% 5

19 4% 5

20 3 5

23 5 5

!

When an cngine is to be designed for a very fast speed, we would advise to deter-
mine the area of the opening J according to Rule 7, and not follow the diameters given
in the last table. The area of any cross section of the steam passage should contain
the same number of square inches as the opening .J.

In regard to the exhaunst passage, good results will be obtained when the area of
any cross seetion in the neighborhood of the line a 0, Fig. 24, is made larger than the
exhaust opening K'; in fact, we have always obtained good results by making it as large
as possible. With large exhaust passages the flow of exhaust steam will not be so irregu-
lar as when smaller passages are used. In the writer’s epinion, large exhaust passages
will improve the draft of an engine, and to some extent lessen the back pressure in
the cylinder. No rules have been established to determine the area of the exhaust
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opening K. The diameter for these openings, given in Table 11, have been obtained
by actual measurements.

48. Often it will be found that, in designing a loeomotive eylinder, the spaco
allotted for thie steam passages and exhaust passage in the neighborhiood of the line ¢ d,
Fig. 24, is very small; therefore, great eare and good judgment must be used'to ob-
tain the proper eross-sectional area in either passage. The result of ecavelessness right
here will be that either one or the other passage is too small, and tho éngine will fail
to do the work that it was intended it should do.

STEAM PIPES.

49. Steam pipes, Figs. 24 and 25, for locomotives are made of cast-iron; their
thickness of metal for smaller engines is about 4 of an ineh, and for larger engines
about § of an inch.

On account of some practical difficulties that mnst be overcome, ordinary flat
joints eannot be used between the T pipe and tho steamn pipe, neither between the stean
pipe and eylinder saddle.

The first difficulty that presents itself is the expansion and contraction due to the
great change of temperature to which the steam pipes in loeomotives are exposed, and
therefore we must adopt a joint which possesses a small amount of flexibility.

The sceond diffieulty that presents itself is of a practical nature, namely, the
impossibility to construet a boiler and fit the cylinder saddle to the outside of the
smoke-box with absolute accuracy, yet a steam pipe of proper length is expected to fit at
once in its place, without any more labor than would be required if everything else had
been perfectly accurate; hence, the jomnt must possess a small amount of adjustability.

Adopting a ball joint, the foregoing difficulties ean be overcome. These ball joints
are made (as shown in Fig. 24) by interposing a brass ring between the T pipe and
steam pipe, and another one hetween the steam pipe and eylinder saddle. Eaeh brass
ring has a spherieal and a flat surface. Now, it must be readily perecived that with
sneh rings interposed the steam pipe ean be slightly moved up or down or sideways,
and still maintain a steam-tight joint. This kind of ball joint will also be sufficiently
flexible to allow for the contraction and expansion of the steam pipe.

PISTON SPEED.

50. To determine the piston speed in feet per minute aceording to the following
rule, we must know the speed of train in miles per hour, the diameter of the driving
wheels in feet, and the length of stroke in feet:

RuLE 9.—To find the piston speed in feet per minute in a loeomotive, multiply the
number of feet in a mile by the speed of train in miles per hour, divide the product
by the circumferenee in feet of the driving wheel multiplied by 60, and multiply the
quotient by twice the length of the stroke in feet; the product will be the piston speed
in feet per minute.  Or, writing this rule in the shape of a formula, we have—

; Number of feet $ « § Speed of train in}

in a mile t miles per hour §

; Circumference of driving wheel } x GO
iu feet

piston speed )

K PRSI RE T S { in feel per minute. §
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Examrre 12—Find the piston speed in feet per minute in a loeomotive whose
driving wheels are 5 feet in diameter; stroke, 2 feet; and speed of train, 35 miles per
hour.

Aceording to Rule 9, we have—

5280 x 35

15.7 x 60
That is, the piston speed will be 784 feet per minute. In order to assist the reader
to understand the foregoing rule, the following explanation is offered :

First, we multiply the number of feet in a mile by the speed of train in miles per
hour; this produet will give the number of feet the loeomotive travels in one hour,
and, sinee there are 5,280 feet in a mile, and the speed of train in our example is 35
miles per hour, we have 5,280 x 35 = 184,800 feet that the locomotive travels during
one hour. To find the number of feet that the loecomotive travels during one minute,
we divide the number of feet per hour by 60, because there are 60 minutes in one hour;
henece, in our example, 18£5%% = 3,080 feet; that is, during one minute the loeomotive
travels through a distanee of 3,080 feet. To find the number of revolutions of the
wheel per minute (which is necessary in this case), we divide the distanece traveled per
minute by the ecireumferenee of the driving wheel. In our example, the diameter of
the driving wheel is 5 feet; the eireumferenee of such a wheel is 15.7 feet; therefore,
3080
the piston travels through twiee the length of the stroke; therefore, mutiplying the
number of revolutions per minute by twiee the length of the stroke, the piston speed
per minute will be obtained. In our example, the stroke is 2 feet; therefore, 196.17 x
4 = 784%% feet. That is, the piston speed is 784% feet per minute. '

x 4 = 784.68

= 196.17 number of revolutions per minute. During every revolution of the wheel

SLIDE-VALVES, AND MOVEMENT OF SLIDE-VALVES.

51. Shde-valves are sometimes made of brass, but generally of cast-iron. Cast-
iron slide-valves are more durable than brass valves, but the latter do not wear the
valve’s seat as quiekly as the cast-iron valves.

The ordinary form of slide-valve, such as is generally used in locomotives, is
shown in Figs. 26 and 27. Fig. 26 represents a cross-section of the valve; one-half of

@
k|
-

27

Fig.

Fig. 27 shows a section lengthwise of the valve, and the other half an outside view of
the same. The thickness of metal at a is generally made 1 in., and at b about § in.
The sides ¢ d, ¢ f are extended upwards until they beeome flush with the top, b, of the
valve; in some eases these sides are extended a little beyond the top of the valve.
This has been done for the following praetical reasons: In the first place, a large
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surface is obtained against which the valve yoke can bear. Secondly, this form of
valve can be laid on its baek, and thus speedily and conveniently seeured to the planer,
when the valve face is to be planed; this is a matter of no small importance in a large
locomotive establishment where a number of valves have to be planed daily. The
recesses g g, shown in Fig. 26, are simply for the purpose of making the valve as light
as possible. Some master mechanies objeet to these recesses, beeause they believe that
they will hold the oil (which is usually admitted through the top of the steam chest),
and prevent the oil from falling upon the valve seat, and thus not find its way into the
eylinder. For this reason a valve has been adopted having a form as shown in Fig.
28. This form of valve, although used on some roads, has not been favorably received
on other roads, beeause it takes up too mueh room in height, and besides it is an incon-
venient easting to fasten to the planer when the face is to be planed or replaned. The
writer would recommend the adoption of a valve having a form as shown in Fig. 26,
and believes that the fear of the recesses g g preventing the oil from flowing into the
eylinder is groundless, and that the eonstant flow of steam into the chest will not allow
the oil to lay still on any part of the valve.

52. The duty of the slide-valve is to control the flow of steam into and out of the
eylinder, that is, the valve (as its name implies) slides backward and forward on the

Reach Rod

O Lifting shaft spring

Frame, often called front spilce
Loymie )

Yoke Brace
Fig.29
Valve Gear
for an
Bight wheeled Locomotive

valve seat, thus opening and closing the steam ports at proper times. Whether it will
perform this duty or not, depends upon the form and motion of the valve.

Fig. 29 shows a eomplete locomotive valve gear; the names of the different pieces
of the mechanism are plainly marked on the drawing, so that here any further defini-
tions of these picces will be unneecessary.

53. To construet a slide-valve and assign to it the proper motion, such as shown
in Fig. 29, may seem to be a difficult subject for solution ; and so it would be, if, right
in the beginning, we do not—wheresoever we can—throw out of consideration all such
pieces of meehanism as have a complicating influence upon the motion of the valve,
Henee it is of the utmost importance first to reduee this subject to its simplest form.
It will be noticed that the operation of the valve is controlled by two eceentries: one
eccentric is nused for the forward motion and the other for the hackward motion of the
engine. Here we may simplify our subject by leaving out of consideration the back-
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ward eccentrie, because when the valve is made to accomplish the desired results with
one eccentric its form will not have to be changed when the other eccentric is added.
But leaving the backward eccentrie out of the question, we may also leave the link ont
of consideration, because the link only serves to conneet the two eccentric-rods so as
to enable the engineer to put wholly or partly into gear one or the other eceentric.
The lifting-shaft is simply used for moving the link up or down as the ecase may he;
and sinece the link has been thrown ont of consideration, we may treat the lifting-shaft
likewise. The rocker is simply used for the purpose of conneeting the eecentrie-rod to
the valve-rod, and although it affects the position of the eccentries, and in some cases
the travel of the slide-valve, it will not affect the laws relating to the constrnetion of
the valve, and therefore we also throw this out of eonsideration.

54. Redneing our snbject as deseribed, and connecting the eecentrie-rod direetly to
valve stem, we obtain a simple arrangement, Fig. 30, such as is often used in stationary

engines ; of eonrse, in this arrangement we must assnme that the driving axle of the
locomotive is represented by the crank shaft € and the eceentric placed on the end of
the shaft as shown. In this arrangement, simple as 1t is, a feature exists which has a
somewhat complicating influence upon the motion of the valve, and therefore will
interfere with the simplieity of onr study of the laws relating to the form of the valve.
The feature allnded to is the angle that the eccentric-rod makes with the center line, 4
B. This angle varies during the travel of the valve, and consequently- the motion of
the valve will be slower during one half of the travel than during the other half.
Thus, for instance: Let the line 4 I’ in Tig. 31 represent the line 4 B shown in Fig.
30. The cirele s; ¢; u;, Fig. 31, will represent, in an exaggerated manner, the path of

& Tig.31

the eenter z of the eccentrie shown in Fig. 30, and lastly, the distance from the center
x to the center ¢ of the eccentrie-rod pin in Fig. 30 is represented by the line ¢, ¢ in
Fig. 31. Now, referring only to Fig. 31, when the valve stands in an extreme position
of its travel, the center of the eccentric-rod pin will be at u, the eenter of the eccentrie
will be at u«;, and the center line of the eecentric-rod will lie in the line 4 B. Again,
when the valve stands in the other extreme position of its travel, the center of the
eccentric-rod pin will be at s, the center of the eecentrie will be at s, and the center
line of the eccentric-rod will He in the line 4 B. When the slide-valve stands central
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that is, midway between the extreme ends of its travel, the center of the eccentrie-rod
pin will be at ¢, exactly midway between the points s and w.

From the point f as a center, and with a radius equal to the distance C {, deseribe
an arc; this are will interseet the eirenmference s, ¢, w, in the points ¢, and ¢,.  Join the
points ¢t and ¢, by a straight line, also draw a straight line from the point ¢ to the point
{,; then the straight line ¢, or f £, will represent the eenter of the eecéntric-rod when
the valve stands in a midway position of its travel; the point £ will be the eenter of the
eceentric-rod pin and the point ¢, or the point £, will be the center of the eceentrice.
Assume that the shaft is turning in the direction indicated by the arrow. When the
eccentrie-rod pin has traveled from u to ¢, equal to half the travel, the slide-valve has
also completed one-half of its travel, and the center of the eecentrie has traveled
through the are w, {,. Again, during the time that the eecentrie-rod pin travels from
t to s, equal to half the travel, the eenter of the eccentrie will travel through the are ¢,
s,- But now notice the difference of length of the two ares ¢, s, and ¢, w,; this plainly
shows that the cecentrie-rod pin will travel slower from w« to ¢ than from ¢ to s, and
consequently the travel of the valve will be affeeted likewise. Or, we may say, that
the angle formed by the hines ¢ ¢, and A B destroys the symmetry of the valve motion.
Now, in the study of the laws relating to the motion of the valve and the duties it has
to perform, sneh a motion will complicate matters, and will prevent us from tracing
the action of the valve so readily as when both halves of the travel are described in
equal times, and therefore the reader will perceive the necessity of changing the valve
gear to one which will give the valve a perfeetly symmetrical motion.

In the first place, it will be easily seen that the longer we make the eccentrie-rod
—leaving the travel of the valve the same—the smaller will be the angle between the
line ¢ t; (which represents the center of cceentrie-rod), and the line 4 B, and ecouse-
quently the times in which the halves of the travel of the valve are deseribed will be
nearer equal, and when we assume the eceentric-rod to be of an infinite length the
angle will vanish and each half of the travel of the valve will be deseribed in equal
times, and the motion will be symmetrical; in fact, the valve will have precisely the
same motion as that obtained with a valve gear, as shown in Fig. 32, to which we shall
now eall attention.

55. In this figure, in place of using an eceentrie-rod, the valve-stem is lengthened,
and to its end a slotted eross-head is forged. The eccentric has also been dispensed
with, and in its place a pin y fastened into the end of the crank-shaft has been adopted.
The distance between the center € of the erank-shaft and the center of the pin  must
always be equal to the distance hetween the center C and the center z of the eccentrie
shown in Fig. 30. This distance from (' to r is called the eccentrieity of the eecentric,
and is equal to one-half of the throw, or in other words the throw of an eccentrice is
equal to twice its eccentricity. Tn this particnlar case, as shown in Fig. 30, the throw
is equal to the travel of the valve; by the travel of the valve is meant the distance
between the extreme points of its motion. In all direct acting valve motions, that is
when no rocker or link is nsed, the throw of the eceentrie will be equal to the travel of
the valve. In locomotives, the travel of the valve is not always equal to the throw of
the eceentrie, the difference being dne to the infliience of the link, and often to the
unequal length of the rocker-arms. y
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Now, turning our attention to I'ig. 32, we notice that by substituting for the
eccentric a pin y in the end of the erank-shaft, we really adopt a crank, and this we
can do without affecting the eorreetness of the reasoning relating to the movement of
the valve, becanse the aetion of the eecentrie is precisely the same as that of a erank
whose length is equal to half the throw; the only reason why eceentries are adopted
is that they areé more convenient to use; in faet, ecranks in many ecases cannot be used,
the peculiar construetion of the machine preventing their adoption; in no ease is an
eccentrie adopted because a different motion to that due to a erank is desired.

We have drawn partienlar attention to this faet, because some mechanies (a good
many of them) have a misty notion of the action of an eceentrie.

As the shaft revolves (see Fig. 32) the pin in the end of the shaft will move in the
slot of valve-stem’s eross-head, and thus always allowing the center line of the valve-
stem to coineide with the line A4 B.
It must also be plain that as the
shaft revolves the eenter of the pin
will deseribe a eirele, and it is the
/ eireumference of this eirele that will
///7 ), e entgr into the solutions of the fol-

””””’] lowing problems. Onee more, the
ZazZZZ.
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Briage T " reader will readily perceive that the
o The oot (oo F40 30 e, length of the valve-stem will in no .
Diameter of this circle=travel of the valve, Wise affeet the motion Of the Valve,

henee we may leave this also out of
consideration, and place the ecircumferenee of the eirele which represents the path
of the pin y on the end of the slide-valve, as shown in Fig. 33. Here, then, we notiee
that our original subject, that of finding the proper motion and form of a valve, a
subjeet in whieh all the different pieces of mechanismm as shown in Fig. 29 had
entered, has been redueed and simplified to that having only the pieces of mechanism
as shown in Fig. 33.

THREE CONDITIONS A SLIDE-VALVE MUST FULFILL.

56. The entrance of steam into the eylinder is regulated by the two outside edges,
a b and ¢ d, of the slide-valve, Fig. 34; the exit of the steam is regulated by the two
inner edges, ¢ fand ¢ &, of the slide-valve; and the eorreet admission and exhaust of
the steam depends upon these edges, the motion of the valve—that is, the travel of
the valve—and the position of the eecentric.

All slide-valves must be eapable of fulfilling the three following eonditions, and if
a slide-valve eannot do this, the engine will not work satisfaetorily:

First Condition.—Steam must be admitted into the eylinder at one of its ends only
at one time. To satisfy this condition, the length of the valve from @ to ¢ must at least
cover both steam ports, when the valve stands in a ecentral position, as shown in Fig,
34. This length of the valve eannot be less, because if it is made less, steam will enter
" both ends of the eylinder at one time, and eonsequently bad results will follow.

Second Condition—The valve must allow the steam to eseape from one end of the
eylinder, at least as soon as it is admitted into the other end of the cylinder. To fulfill
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this second condition, the length of the exhaust eavity in the valve, or, in other words,
the distance between the two inner edges, ¢ fand ¢ h, F'ig. 34, must be equal to the sum
of the widths of the two bridges added to the width of the exhanst port. The length
of the exhaust eavity in a valve whose outside edges just eover the steam ports, must
not be made less than shown in Fig. 34, becaunse if it is made less, steam will be ad-
mitted into one end of the eylinder, some time before the steam in the other end of the
eylinder is released, and consequently a eonsiderable amount of baek pressure will be
the result. When the outer edges of a valve overlap the steam ports, sueh as shown
in Fig. 36, then its exhaust eavity can be made less, within eertain limits, and still
satisfy the seeond condition.

Third Condition—The valve must cover the steam ports so as not to allow the
steam to escape from the steam ehest into the exhaust port. To fulfill the third eon-

Z
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dition, the length of the exhanst eavity, that is, the distanee between the edges e and g,
Fig. 34, must not be made greater than the sum of the width of the two bridges
added to the width of the exhaunst port, in a valve whose outside edges just eover the
steam ports. If the length of the exhanst eavity in snch a valve is made greater, then
the distanee between the edges @ and ¢, or the distance between the edges g and ¢ will
be less than the width of steam ports, and eonsequently the steam will be permitted to
pass from the steam ehest direetly into the exhaust port, as indicated in Fig. 35, or, as
the praetical man would say, the steam will blow through, and therefore an unpardon-
able waste of steam will be the result.

If the outside edges of the valve overlap the steam ports, as shown in Fig. 36, then
the exhaust eavity ean be made within eertain limits a little longer, without interfering
with the third eondition.

57. For the sake of distinetion we may divide slide-valves into two classes. In
one elass we may place all slide-valves whose outside edges just cover the steam ports,
sueh as shown in Fig. 34. These valves will admit steam into the eylinder during the
whole stroke of the piston, or, as the praetical man would say, “ the valve follows full
stroke.”

In the other class we may place all slide-valves whose outer edges overlap the
steam ports, sueh as shown in Iig. 36. These valves will not admit steam into the
eylinder during the whole stroke of the piston, but will elose the steam ports, and thns
cut off the flow of the steam into the eylinder, before the piston has reached the end of
a stroke. The position of the piston at the moment that steam is eut off is ealled the
point of eut-off, and this point depends upon the amount of lap.

58. When a valve of this kind is plaeed in a eentral position, that is, midway of its
travel, as shown in I'ig. 36, then the amount of overlap at eaeh end is called “outside
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lap,” or simply lap. Thus, if as in Fig. 36, the valve overlaps each port  of an inch,
then the valve is said to have 7 of an inch lap. Under no cireumstances should one of
the outside edges of the valve be placed flush with an outside edge of the steam port,
and then the total amount of overlap at the other end of the valve be ealled lap, becaunse
that would be wrong aceording to the universal aceeptation of the term “lap.”

TRAVEL OF THE VALVE.

59. Sinece it is always taken for granted that the steam ports are made just large
enough—and 1mo more—to give a free exhaust, we must give the valves that have no
lap, as shown in Fig. 34, snch a travel that the outside edges of these valves will wholly
open the stecam ports. We eannot make this travel any less, becanse if it is less the
steam port will not be fully open to the action of the exhaust. On the other hand,
theoretically, the travel of a valve that has lap need not be such that the steam port
will be fully opened to the admission of steam; all that is really needed for this pur-
pose is an opening of % of the width of the steamn port, and if this does not interfere
with the free action of the exhanst, that is, if it does not prevent the full opening of
the steam port for the escape of steam, satisfactory results will follow. In praetiee,
such niceness in the travel of the valve is seldom aimed at. In faet, it is customary to
assign such a travel to a valve that the outside edges of the valve will not only fully
open the steam ports, but travel a little beyond them. Adopting sueh a practice, we
gain the following advantages: When a valve that has no lap travels a little further
than necessary to fully open the steam port, we have the assurance that a slight
inaccuraey in workmanship, which eannot always be prevented, will not interfere with
the full opening of the steam port. Again, it is always desirable that when the valve
is to eut off steam, it will do so as quickly as possible, hence, when valves that have
lap and their travel is greater than absolutely necessary, the motion of these valves
will be quieker than the motion of valves with shorter travel; therefore, when the
former are employed, the eut-off will be sharper and more deeisive.

ExamrrLe 13.—To find the travel of a valve that has no lap, the width of the steam
port being given, let the steam port be 11 ineh wide. The travel of a valve without
lap must at least be equal to twice the width of the steam port. The truth of this
must be perceived when we examine Fig. 34, and remember the remarks just made.
Consequently the travel of the valve in our example will be 1} X 2=24". From the
foregoing we may establish the following:

Rure 10.—To find the travel of a valve without lap, the steam port to be fully
opened and no more. Multiply the width of steam port in inches by 2, the produet
will be the travel of the valve.

Now, if the travel of the valve is to be snch that the valve shall move } of an inch
beyond the steam port, then we must add this amonnt to the width of steam port, and
make the travel equal to twice this sum. Thus:

ExanrLE 14.—Width of steam port 14 ineh, the valve to travel 1 of an inch beyond
the steam port, find the travel. 11 + } = 13, and 14 X 2 =3 inches = travel of the
valve. From the foregoing we have the following:

Rure 11.—To find the travel of the valve without lap, the travel to extend a given

R R S = S ———
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amount beyond the steam port. Add the given amomnt which the valve must travel
beyond the steam port to the width of the steam port, multiply the sum by 2; the
produet will be the travel of the valve.

60. When this valve is used in an engine with no rocker interposed, then the
eccentrieity of the eceentrie, or, in other words, the distance between the center, (', of
the erank shaft and the center, a, of the eecentrie, Ifig. 30, will be 14 ineh, and the
throw of the eccentrie will be equal to the travel of the valve, namely, 3 inches.

To find the travel of a valve that has lap, the lap and width of the steam port
being given:

Examrre 15.—The width of the steam port is 11 inch, the lap is Z of an inch, find
the travel.

If the valve is to open the steam port fully, and no more, for the admission of
steam, then the travel eannot be less than twice the sum of the width of the steam port
and lap. Henee in our example we have 1} + § = 2%, and 2} x 2 = 41 inches = travel of
the valve. If the valve is to move } of an ineh beyond the steam port, then we have
11 + 3 + I =28, and 28 X2 = 43 inches = travel of the valve. When no rocker is inter-
posed, the throw of the ecceentrie is equal to the travel, that is, 4§ inches. From the
foregoing we can establish the follow rules:

RuLe 12.—To find the travel of the valve with lap, the travel not to extend beyond
the steam port. Add the width of the steam port to the lap, multiply the sum by 2;
the product will be the travel of the valve. ;

RuLe 13.—To find the travel of a valve with lap, the travel to extend beyond the
steamn port. Add the width of the stcam port, the lap, and the amount of travel beyond
the steam port, multiply this sum by 2; the produet will be the travel of the valve.

POSITION OF ECCENTRIC WHEN NO ROCKER IS USED.

61. Assume that a valve without lap is to be used in an engine similar to that
shown in Fig. 37, that is, an engine in which the axis of the eylinder will pass throngh
the center of the erank-shaft; also let it be required that at the precise moment at

I'wiy. 37

which the piston reaches the end of a stroke, the valve shall open the steam port. In
Fig. 37, it will be noticed, that instead of showing the back of the slide-valve as it
shonld be, we have assumed the valve and seat to be tnrned around the valve stem, so
as to sec a section of the valve and seat; this will make the illustration move intelligible
for our purpose. Now, assume that the piston stands at 1), the back end of the stroke,
then the erank will be in the position as shown, and according to our proposition, the
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valve must at that instant open the baeck steam port, consequently the valve must
stand 1n the position as indicated in the figure. Again, assume that the piston stands
at 14, the front end of the stroke, then the valve must stand in a position so that the
least movement will open the front steam port, consequently the valve will ocenpy the
same position as before. In fact, when the piston stands at either end of the stroke,
the valve, having no lap, must stand in a central position, that is, midway of its travel.
To find the suitable position of the eccentrie when this valve stands central, we proeeed
as follows:

From the center € deseribe a cirele a b d (Fig 37), whose diameter is equal to
the travel of the valve; the cireminference of this cirele will represent the path of the
center of the eccentrie, or, what amounts to the same thing, the path of the center of
the pin y; consequently the exaect location of the center of this pin must be found
somewhere in the circumnference @ b d. Now, the diameter a b is equal to the travel
of the valve, henee we may assnme that the point e will represent one end, and the
point b the other end of the travel, and C the center of the travel.

Therefore to find the location of the pin y, draw through the center € aline i b
perpendicular to the line 4 I3; the line ¢ % will intersect the eircumference @ b d in
the points y and d. If the erank-pin is to turn in the direction of the arrow marked 1,
then the point y will be the center of the pin or the center of the ecéentrie ; if the crank
is to turn jn an opposite direction, as indicated by arrow. 2, then the point d will be the
location of the pin .

From the foregoing we learn that the center of the eceentrie, or the pin y, will
always travel ahead of the erank in either direetion, providing no rocker is used.
Secondly, we learn that for a valve without lap the center of the eceentrie will be found
in a line drawn perpendicular to a line passing through the ecenter of erank-pin and the
center of crank-shaft, providing the valve has no lead.

The straight line drawn through the ecenter of crank-shaft and eenter of erank-pin
will, in the future, be called “ the center line of crank.

62. By “lead” is meant the width of the opening of the steam port at the com-
mencement of the stroke of the piston. Thus, in Fig. 38, when the piston stands at the
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beginning of the stroke, and the valve has then opened the steam port i of an inch,
that % of an inch of opening is called “lead,” and the valve is said to have i of an
inch lead. Again, if the valve has opened the steam port § of an inch, instead of ; of
an inch, the valve is said to have } of an inch lead. In our previous example the valve
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had no lead, therefore the question arises, where shall we plaec the eeeentrie when the
ralve has lead?

ExamrrLi 16.—Let A B, in Fig. 39, represent the center line of erank; the direetion
in whieh the erank is to move is indieated by the arrow. The lead is to bo 4 of an
inch, the travel of the valve 5 inches; find the position of the eccentric. From the
center C draw a eirvele @ b d; whose diameter is equal to the travel of the valve,
namely, 5 inches; on the line A I3 lay off a point f; ; of an ineh from the center C;
through the point f draw a line & I perpendicular to the line A B, this line k [ will
interseet the circumference @ b d in the points y and d; the point y will be the center
of the eccentrie. If the crank had been designed to move in the opposite direetion,
then the point d would have been the center of the eceentrie. If no lead had been
required, then the center of the eceentrie would have been found in tho line ¢ & drawn
through the eenter C.

IFrom this we learn that when the valve is to have lead the eenter of the eceentrie
must be moved forward ot the line i h, and the amount that the center of the eccentrie
must be moved forward (or away from the erank-pin) is equal to the lead.

63. The line ¢ k is an important one, because the position of the eecentrie is always
laid off from this line. In this particular ease, Fig. 39, the line i 2 has been drawn
perpendicular to the center line of erank. But from this we must not econeludeo that in
every case the line 2 & must be drawn perpendicular to the ecenter line of erank. The
line ¢ & in every ease is drawn perpendieular to the center line of motion of the valve
gear, irrespeetive of the position of the erank. In Fig. 39 the eenter line of motion of
the valve gear eoincides with the eenter line of erank, and it is for this reason that the
line i 2 has been drawn perpendieular to the latter. This will be made plainer as we pro-
eeed. By “the eenter line of motion of the valve gear?” is meant a line drawn through
the center of the shaft parallel to the divection in which the valve moves when no rocker
or other meechanism between the shaft and valve is used. The definition of the eenter
line of the motion of the valve gear in eases where roekers are used will be given later.

TO FIND THE POSITION OF THE ECCENTRIC CORRESPONDING TO ANY ONE OF THE
DIFFERENT POSITIONS OF THE VALVE.

64. We have stated in Art. 55, that for the eonstruction of a slide-valve and for the
purpose of following the movements of the same, all that will be required is a seetion
g of the valve, the valve seat, and the eircumference of a cirele
to represent the path of the eenter of eccentrie, and such we

shall now employ in the solution of tho following problems.
By the center of ec-
eentric we mean the een-
ter z, Fig. 40, and not
the center ¢ of the hole.
The center line of an ee-
Fig.40 centric is a straight lino
drawn through the centers r and ¢, and produced to the cirecnmference of the eecentrie
Fig. 41 shows the valve scat with the stcam ports and exhaust port, also the valve
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standing in the center of its travel. This position of the valve is an important one,
becanse to this we generally refer when any other position of the valve is to be con-
sidered. From the point ¢ (the interseetion of the lines A B and d ¢) as a center and
a radius equal to half the throw of the eccentrie, a circle has been drawn ; the cirenm-
ference of this cirele will represent the path of the center x of the eccentric. Now, it
must be remembered that in studying the laws relating to the construction and move-
ment of the slide-valve, the length of the eeeentrie rod is always considered to be an
infinite length, or, in other words, that the eceentrie acts precisely in the same man-
ner as a pin working in a slotted eross-head forged to the valve stem, sneh as we have
deseribed in Arts. 54 and 61. Keeping this in mind, the following explanation will he
easily understood:

Since the cireumference a b m, Fig. 41, represents the path of the ecenter of the
cecentrie, it must be readily perceived that the eenter ¢ of this cirele also represents
the ecnter of the shaft, and sinee the line 4 B is drawn through the center of the shaft,
we may call it the center line of motion of the valve gear, because in this particular
casc the line 4 D is parallel to the direction of motion of the valve. The diameter
a b of the circle a b m coineides with the line of motion A4 B, consequently when the
center of the eccentrie is at b the valve will be at the forward end of its travel, as
shown in dotted lines, and at the same time indieating how far the valve will travel
beyond the edge of the steam port. When the center of the eceentrie is at @, the valve
will then stand at the opposite end of its travel, also shown by dotted lines. Now,
when the valve stands in its eentral “position, the center of the eecentric must also
stand in the center of its path from a to ), and consequently will be at m. Teo find the
point m we draw a straight line ¢ & through the center ¢ of the circle, and perpendieular
to the line of motion 4 I3, the point of intersection of the line ¢ h and the eircumference
will be the point m. “So also in a similar manner we may find the position of the
center of the eccentrie for any other position of the valve. For instance, if the edge
c of the valve stands at g, we draw through the point ¢ a line perpendicular to the
line A I7; the point of intersection » of this line and the cirecumference a b m will be
the eenter of the eceentrie, when the valve stands at g.

In order to save time and labor, and to make the solutions of the problems as
simple as possible, it is always best to place the valve, as we have done, in the eenter
of its travel, and then adopt ¢, the point of econtaet of the outer edge of the valve
and the valve seat as the center of the eircle whose cirenmfercnce is to represent the
path of the center of eceentrie.

By adopting the foregoing suggestion we also gain the following advantages;
namely, we can see at once how far the valve will travel heyond the steam port in
either direction; and we can also sce how mneh the exhanst port will be contracted
when the valve is at end of its travel. Hence it must be distinetly remembered that
to trace the motion of any slide-valve, the valve shounld be placed in a central position,
and the center of eirele whose eircuunference represents the path of the center of the
eccentric should be the point in which one of the outer edges of the valve tonches
the valve seat.
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LINEAR ADVANCE OF THE VALVE AND ANGULAR ADVANCE OF THE ECCENTRIC.

65. In connection with the setting of the eccentrie two terms are nsed, namely, “lin-
ear advanee of the valve” and “angular advance of the cceentric.” Between these two
there exists such a close relation that if we echange one we must also change the other,
and if there is no linear advance of the valve there will be no angular advance of the
eceentrie, therefore it is of great importanee to understand the meaning of these terms.

In Fig. 42 we have shown the valve in two positions. The dotted lines represent
the valve standing in the center of its travel, and is marked I). The section of the
valve in full lines, marked ZF, represents its position at the commencement of the
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stroke of the piston (it will be noticed here that the valve has lead), the distance from
¢ to ¢, is called linear advance of the valve, and is equal to the lap and lead, plainly
shown in the figure; in short, linear advance of the valve means the distance the valve
has traveled beyond its middle position when the piston has reached the end of the
stroke. When the valve stands in the middle position I); the center of the eecentrie
will be at m, and a line drawn from ¢ to m will represent the center line of the eccentrie.
Again, when the valve stands at I, the center of the cecentric will be at y, and a hine
drawn from ¢ to y will again represent the center line of the eccentric. The angle
formed by the lines ¢ m and ¢ y is called the angular advance of the eccentric; or, in
other words, by angunlar advance is meant the angle that is formed by the position of
the center line of the eccentric when the piston is at the commencement of the stroke,
and the position of the center line of the eccentric when the valve is in the eenter of
its travel, the length of the eccentrie rod being assumed to be infinite.

66. If the lap is inereased without changing the travel and lead, as shown in Fig,
43, the linear advance will be greater, and consequently the angular advance m ¢ y will
also be increased, which is plainly indicated in the figure. Here also notice that the
center ¢ has been moved away from the outside edge of the steam port, beeause when
the valve is placed central, its outside edge ¢, will be at ¢, which, according to what
has been stated before, should be adopted for the center of the circle, whose ¢ircum-
ference ¢ m b represents the path of the center of the eceentric. By so doing, we see
at a glance how far in either direction the valve will travel.

In this figure we notice that the valve does not travel as far beyond the inner edge
of the steam port as in Ilig. 42,




46 MODERN LOCOMOTIVE CONSTRUCTION.

It the lap is made less than shown in Fig. 42, without changing the travel and
the lead of the valve, the linear advance will be less, and consequently the angnlar
advance will be smaller. In this particular case the center ¢ would have to be moved
closer to the edge of the steam port, because the lap is smaller. When the valve has no
lap and lead, as shown in Fig. 44, there will be no linear advance, and consequently no
angular advance. In this case the center ¢ will be on the outer edge of the steam port.
If the travel of the valve is the same as that in Fig. 43, and indicated by the diameter
of the dotted circle @ m b in Fig. 44, we notice that in the latter figure the travel is too
great ; our circle shows that the valve will travel beyond the bridge, and thus open the
exhaust port to the steam in the steam chest; therefore, the travel must he reduced, as
shown by the circunference @, m, b in a full line. Lastly, if lead be given to a valve
that has no lap, as shown in Fig. 45, then we have again linear advance, and econse-
quently there will be a corresponding amount of angular advance. In this case the
center ¢ will remain on the outside edge of the steam port.

TO FIND THE RELATIVE POSITION OF THE ECCENTRIC TO TIIAT OF THE CRANK.

67. In Art. 61 it was shown how to set an eccentric for a valve without lap and lead.
In that partieular example the center line of the eccentriec was placed perpendicular to
the center hine of erank. These relative positions are only true for engines in which
all the connections are direet, such as shown in Fig. 30 (see Art. 63). When other
eonneetions are used, such as roeckers, ete., it may happen that for some engines the
eccentric would have to be set at right angles to the crank, or, as the practical man
would say, “the eccentric set square with the erank,” and yet for other engines this
would be wrong.

Here we will consider only the relative position of eceentric to that of the erank
in simple engines such as represented by Fig. 30.

The position of the valve in Fig. 45 indicates that the piston stands at the com-
mencement of its stroke, because the small opening of steam port there shown is sup-
posed to be lead and no more. Now, assume that the point ¢ is not only the center of
the eirele whose circumference represents the path of the eenter of eccentrie, but is also
the center of the crank-shaft, consequently the center line of erank must pass through
¢, and since all the connections between erank-shaft and eylinder are direct, the center
line of erank must coineide with the line 4 3.  Again, the valve has opened the left-
hand steam port, therefore the ecenter I of the erank-pin must also be on the left-hand
side of ¢, and in the line 4 B. Lastly, the point y is the eenter of the eccentrie, and
since the eccentric must travel ahead of the erank (Art. 61) in this elass of engines, we
conelude that the erank is designed to turn in the direction as indicated by the arrow.
In a similay manner, and for similar reasons, it can be proved that when the small
openings of the steamn ports, as shown in Figs. 42 and 43, represent lead, then the
crank-pin > must occupy the position shown in these figures.

Notice now the fact that in all the Figs, 42, 43, and 45, the eenter line ¢ m is per-
pendicular to the eenter line of erank P ¢, and the angular advance is laid off from the
line ¢ m towards the right (away from the erank-pin). Also notice another important
fact; the distance between the lines ¢ m and ¢, ¥ in all these figures is equal to the
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linear advanee; therefore in order to find the point ¥ we must lay off the linear advance
on a line perpendicular to the line ¢ m, and not on thoe are m y.

These facts are prineiples which are applicable to every-day practice. For instanece:

ExamrLe 17.—Travel of the valve is 5 inehes, lap 1 inch, lead {; of an inch, and
the direetion in which the crank is to move is indieated by the arrow, Fig. 46. Find
the relative position of the eceentrie to that of the erank.

Draw the straight line 4 B as in Fig. 46, let the point P on the line 4 I3 represent
the eenter of the erank-pin, and the point ¢ on the same line represent tho eenter of the
shaft. From c as a center, and with a radius equal to 23 inches (whieh is half the
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throw of the eccentrie), draw a cirele a b m, the circumferenee of this eirele will repre-
sent the path of the eenter of the ececentrie. From ¢ lay off towards the right a point
¢, 1/ ineh from ¢ (this 17 ineh is the sum of the lap and lead), through ¢, draw a line
¢, my perpendieular to 4 B, this line ¢, m; will interseet the eireumference ¢ b m in the
point y, and this point will be the eenter of the eceentric when the crank oeeupies tho
position as shown. Through the point ¢ draw a line perpendicular to 4 I, also a line
through the points ¢ and y, then the angle m ¢ y will be the angular advanee, and the
distance from ¢ to ¢; the linear advance. X

These principles are also applicable to shop praetiee.

"ExayrrLe 18.—Fig. 40 represents an eccentric; Fig. 47, a erank; Fig. 48, the end of
a erank-shaft. It is required to fasten to the erank-shaft the erank and eccentrie in
their correet relative positions before the shaft is placed in its bear-
ings. The lap of the valve is  of an ineh, and the lead ; of an inch.

We must first find the half-throw of the cecentrie. In this case,
see Fig. 40, the diameter of the shaft being greater than the throw
of the cecentrie, we must foree a strip of wood in the hole of the eccen-  zma oranase
tric, and on this strip find the ecenter ¢ of the hole, and the eenter Fig. 48§
of the eccentrie; the distanee between ¢ and z is equal to half the throw. Through
¢ and x draw a straight line ¢ g; this line will be recognized as the center line of the
eccentrie.

Fig. 47.—0n the face of the erank draw through the ecenters ¢ and I’ a straight
line, which will be the center line of erank.

Fig. 48.—Through the center ¢ of the shaft draw any straight line, as P, I’
From the eenter ¢, and with a radins equal to half the throw of the eccentrie, draw on
the end of the shaft a cirele @ bm. On the line P, P; lay off a point ¢, 17 of an inch
from the center ¢; throngh the point ¢, draw a straight line perpendieular to I’ I,

an, A
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intersecting the circumference @ b m in the point y; through the points ¢ and y draw
the straight line ¢ y,.

Fig. 49.—Place the crank on the shaft so that its eenter line I ¢ will coineide with
L, ¢ on the shaft, and then fasten the erank.

Place the eccentric on the shaft so that its center line g ¢ will coincide with ¢ y,
on the shaft, and fasten the eccentrie.

The erank and eccentric will then have the correet position on the shaft, and must
not be changed for a valve having § of an ineh lap and % of an inch lead. We here
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again call the attention of the reader to the fact that these relative positions of erank
and eccentric are only correet for engines in which all the connections are direet, and
in which no rocker is used.

‘Wihen it is necessary to place the erank and the eccentrie some distance from the
end of the shaft, it will be an easy matter to draw on the ountside of the shaft lines
through the points P, and y, parallel to the axis of the shaft, and then set the erank
and eccentrie to these lines. ,

Should it so happen that the throw of the cecentrie is larger than the diameter of
the shaft (but which seldom occurs), draw on paper or on a board any straight line a b,
as in Fig. 50, and from a point € on this line as a center, and with a radins equal to
half the throw of the cccentrie, draw the cirele ¢ b m. Find the point y in the circum-
ference @ b m in the same manner as the point y in Fig. 46 has been fonnd, and then
draw the linesm Candy C. From the center C, and with a radius equal to half the
diameter of the shaft, draw the circle P, P;, whose circumference will intersect the
straight lines m C and y C in the points my and y;. Throngh the center ¢ of the shaft,
sce Fig. 51, draw a straight line P, P, and also the line m, ¢ perpendienlar to L5 Py;
make the are m, ¥, equal to my y; in Fig. 50; draw on the end of the shaft the line y, ¢;
set the cceentrie to the line y, ¢, and the erank to the line ¢ I,.

THE EFFECT OF LAP.

68. When only one slide-valve is nsed for the whole distribution of steam in one
eylinder, as in locomotives, and the valve has no lap, we may justly name the form of
snch a valve a primitive one, becanse valves without lap, or with only a trifling
amount, about ; of an inch, were nsed in locomotives years ago, when the great neces-
sity for an early and liberal exhaustion was not so well nnderstood as at present, the
chief aim then being to secure a timely and free admission of steam. Such valves, as
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we have stated before, will admit steam during the whole length of the stroke, or, in
other words, follow full stroke, and release the steam in one end of the eylinder at the
same moment, or nearly so, that the steam is admitted into the other end; this is cer-
tainly no profitable way of using steam, for the following reason:

The process of exhausting steam requires #ime, and therefore the release of steam
should begin in one end of the eylinder some time before steamn is admitted into the
other end, or, we may say, the stcam which is pushing the piston ahead should be
released before the end of the stroke has been reached. This eannot be aceomplished
with a valve having ne lap, and eonsequently, when such a valve is used, there will not
be sufficient time for the exhaustion of steam, thus eausing considerable back pressure
in the cylinder. In order then to secure an early exhaust, lap was introduced; first, §
of an inch lap was adopted, then § of an inch. But it soon became apparent that
working the steam expansively (a result of lap, besides gaining an early exhaust) addi-
tional economy in fuel was obtained, hence the lap was again increased until it became
i of an inch, and in sowe cases 1 inch, and even more than this. At the present time
the lap of a valve in erdinary locometives with 17 x 24, or 18" x 24" ecylinders is § to
1 inch, and in a few eases slightly exceeding this. From these remarks we may justly
conclude that in these days the pnrpose of giving lap to the valve is to canse it to
eut off steam at certain parts of the stroke of the piston, so that during the remaining
portion of the stroke the piston is moved by the expansion of the steam. When steam
is used in this manner, it is said to be used expansively.

Now, since the aim of giving lap to a valve, is to cause it to cut off steam at desig-
nated parts of the stroke of the piston, it will be necessary first to study the existing
relation between the motion of the erank-pin and the motion of the piston.

RELATION BETWEEN MOTION OF CRANK-PIN AND MOTION OF PISTON.

69. In order to illustrate this subject plainly, we have adopted in Fig. 52 a shorter
length for the conneeting rod than is used in locomotives.

The cirenmference of the cirele A B M D, drawn from the eenter of the axle, and
with a radius equal to the distance between the center of axle and that of the crank-
pin, represents the path of the latter. We will assume that the motion of the crank-
pin is uniform, that is, that it will pass through equal spaces in equal times. The
direction in which the erank-pin moves is indicated by the arrow marked 1, and the
direction in which the piston moves is indieated by arrow 2.

In order to trace the motion of the piston it is not necessary to show the piston in
our illustration, because the conneetion between the eross-head pin > and the piston is
rigid; hence, if we know the motion of the former, we also know the motion of the
latter.

The line 4 C represents the line of motion of the eenter of eross-head pin I, con-
sequently no matter what position the erank may oecupy, the center I’ will always be
found in the line 4 C. The semi-circumference 4 B 1) will be the path of the center
of the crank-pin P during one stroke of the piston; the point A will be the position of
the erank at the beginning of the stroke; and B, the position of the same at the end of
the stroke. The semi-cireumference 4 B D is divided into 12 equal parts, although
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any other number would serve our purpose as well. The distance batween the ceaters
D and P represents the length of the eonneeting-rod.

From the point 4 as a center, and with a radins equal to D P (the length of tho
connecting-rod), an are has been drawn, cutting the line 4 Cin the point «; this point
is the position of the center P of the cross-head pin, when the center of the erank is at
A. Again, from the point 1 on the semi-cireumferenece as a eenter and with the radius
D P, another arc has been drawn cutting the line 4 € in the point 1p, and this point
indicates the position of the cross-head pin when the erank-pin is at the point 1. In
a similar manner the points 2p, 3p, 4p, ete., have been obtained, and these points indi-
cate the various positions of eross-head pin when the crank-pin is in the eorresponding
posttions, as 2, 3, 4, ete.

Now notiee the fact that the spaces from A to 1 and from 1 to 2, ete., in the semi-
cireumference 4 I3 1) are all equal, and the crank-pin moves throngh each of these
spaces in equal times, that is, if it requires one second to move from A4 to 1, it will
also require one second to move from 1 to 2. The corresponding spaces from « to 1p
and from 1p to 2p, ete., on the line 4 C are not equal, and yet the eross-head pin must
move through these spaces in equal times; if it requires one second to move from « to
1p, it will also require one second to move from 1p to 2p. But this last space is greater
than the first. Here, then, we see that the eross-head pin, and therefore the piston,
has a variable motion, that is, the piston will, at the commencement of its stroke,
move comparatively slow, and increase in speed as it approaches the center of the
stroke, and when the piston is moving away from the center of stroke, its speed is con-
stantly decreasing. This variable motion of the piston is mostly cansed by changing
a rectilinear motion into a nniform rotary motion, and partly by the angle formed by
the center line D I’ of the connecting-rod and the line 4 € an angle which is con-
stantly changing during the stroke. Also notiee that the distance from @ to 1p nearest
one end of the stroke is smaller than the distanee from & to 11p nearest the other end
of the stroke, and if we compare the next space 1p to 2p with the space 11p to 10p, we
again find that the former is smaller than the latter, and by further comparison we find
that all the spaces from @ to 6p are smaller than the corresponding spaces from b to 6p,
and consequently when the erank-pin is at point 6, which is the center of the path
of the erank-pin during one stroke, the eross-head pin I’ will be at 6p, and not in the
center of its stroke. Thus we see that the motion of the piston is not symmetrieal, and
this is wholly due to the varying angularity of the eonnecting-rod during the stroke.
If we make the eonnecting-rod longer, but leave the stroke the same, the difference
between the spaces b to 11p and @ to 1p will be less, and the same can be said of the
other spaces. Again, if we consider the length of the conneeting-rod to be infinite,
then the difference between the spaees nearest the ends of the stroke will vanish, and
the same result is true for the other spaces. Henece, when the length of the conneet-
ing-rod is assumed to be infinite, the motion of the piston will be symmetrical, but
still remain variable; in faet, the piston will havejthe same motion as that shown in Fig.
53. In this figure we have dispensed with the conneeting-rod, and in its place extended
the piston rod, and attached to its end a slotted cross-head in which the crank-pin is
to work. Although such mechanism is never nsed in a locomotive, yet with its aid we
can establish a simple method for finding the position of the piston when that of the
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erank is known. In this figure, as in Fig. 52, the circumference A B D M will repre-
sent the path of the center of the erank-pin, and from the nature of this meehanism it
must be evident that at whatever point in the eircumference 4 B D M the crank-pin
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center may be located, the center line i k of the slotted eross-head will always stand
perpendienlar to the line A C, and also pass through the center of crank-pin.

In Fig. 53, when the erank-pin is at 4, the piston will be at the commencement of
its stroke. During the time the crank-pin travels from 4 to point 8 the piston will
travel through a portion of its stroke equal to the length 4 I, which is the distance
between the dotted line ¢ & and the full line i k. If now we assume the points 1, 2, 3,
ete., in the semi-cirenmferenee 4 B D) to be the various positions of the erank-pin dur-
ing one stroke, and then draw through these points lines perpendieular to the line A
C, entting the latter in the points 1p, 2p, 3p, ete., we obtain corresponding points for the
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position of the piston in the eylinder. Thus, for instanee, when the erank-pin is at
point 1, the piston will then have moved from the commencement of its stroke through
a distance equal to 4 1p, and when the erank-pin is at point 2, the piston will then
have traveled from A to 2p, and so on.

70. From the foregoing, we can establish a simple method, as shown in Fig. 54,
for finding the position of the piston when that of the crank is known. The diameter
A B represents the stroke of the piston, and the semi-circumference A B I) represents
the path of the center of the erank-pin during one stroke. For eonvenicnee, we may
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divide the diameter into an equal nuniber of parts, eaeh division indieating one inch of
the stroke. In this partienlar ease (Fig. 54), we have assumed the stroke to be 24
inehes; henee the diameter has been divided into 24 equal parts. Let the arrow indi-
cate the direetion in whieh the erank is to turn, and 4 the beginning of the stroke;
then, to find the distanee through whieh the piston must travel from the commenee-
ment of its stroke during the time that the erank travels from 4 to b, we simply draw
through the point b a straight line b ¢ perpendienlar to 4 B ; the distanee between the
line b ¢ and the point 4 will be that portion of the stroke through which the piston has
traveled, when erank-pin has reaelied the point b. In our figure we notiee that the line
b ¢ interseets A B in the point 6; henee the piston has traveled six inehes from the
eommencement of the stroke.

If this method of finding the position of the piston when that of the erank is
known is thoroughly understood, then the solutions of the following problems relating
to lap of the slide valve will be comparatively easy.

PROBLEMS RELATING TO LAP OF THE SLIDE-VALVE.

71, To find the point of eut-off when the lap and travel of the valve are given, the
valve to have no lead.

The prineiples upon whieh the following problems relating to the eonstruetion of
the slide-valve are based, have been taken from the exeellent “Praetieal Treatise on
the Movement of Slide-Valves by Eeeentries,” by Prof. C W. MaeCord.

ExamprLE 19—Lap of valve is one ineh; travel, 5 inehes; no lead; stroke of
piston, 24 inehes. At what part of the stroke will the steam be ent off ?

We must first find the eenter ¢, Fig. 55, of the eirele @ b m, whose ecircumference
represents the path of the eenter of eeeentrie, and this is found, as the reader will re-
member, by placing the valve
in a central position (Art.'G4),
as shiown in dotted lines in
this figure. Then the edge ¢
of the valve will be the center
of the eirele. The valve drawn
in full lines shows its position
at the commeneement of the
stroke of piston ; and sinee
the valve is to have no lead,
the edge C: will eoineide with
the outer edge of the steam
port. Through the edge > draw the line i h perpendicular to the line 4 I; the line
¢ b will interseet the cirenmferenee « b m in the point y, and this point will be the
eenter of eeeentrie when the piston is at the beginning of its stroke. Now, assume
that the eireumference @ b m also represents, on a small scale, the path of the center
of the erank-pin; then the diameter y = of this eirele will represent the length of the
stroke of the piston; the position of this diameter is found by drawing a straight line
through the point y (the center of the eccentric when the piston is at one end of its
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stroke) and the eenter c. Also assume that the point y represents the center of the
erank-pin when the piston is at the beginning of its stroke. To make the eonstruetion
as plain as possible, divide the diameter y x into 24 equal parts, cach representing one
inch of the stroke of piston, and for eonvenience number the divisions as shown. The
arrow marked 1 shows the direction in whieh the valve must travel, and arrow 2 indi-
cates the direetion in which the center y must travel. Now it must be evident, beeause
the points y and C2 will always be in the same line, that during the time the ecuter y
of the eceentrie travels through the are y ¢, the valve not only opens the steam port,
but, as the ciremnference ¢ b m indieates, travels a little beyond the port, and then
closes the same, or, in short, during the time the eenter of eceentrie travels from y to
¢, the port has been fully opened and closed; and the moment that the eenter of eceen-
trie reaehes the point g, the admission of steam into the e¢ylinder is stopped. We have
assumed that the point y also represents the position of the center of erank-pin at the
beginning of the stroke; and, since the erank and eccentrie are fastened to the same
shaft, it follows that during the time the center of eccentrie travels from y to g the
erank-pin will move through the same are, and when the steam is ent off the erank-pin
will be at the point g. Therefore, through the point g draw a straight line g k per-
pendicular to the line y z; the line g £ will interseet the line y z in the point £, and
this point coineides with the point mark 20 ; henee steamn will be cut off when the piston
has traveled 20 inehes from the beginning of its stroke.

The manner of finding the point % is preecisely similar to that of finding the point
¢ in Fig. 54. The angle m y ¢ will be the angular advance of the eecentrie.

LEAD WILL AFFECT THE POINT OF CUT-OFF.

72. In Fig. 55 the valve had no lead; if, now, in that figure, we ehange the angular
advance m y c of the eceentrie so that the valve will have lead, as shown in Fig. 56,
then the point of eut-off will also be ehanged. How to find the point of eut-off when
the valve has lead is shown in Fig. 56.

Exampre 20.—The lap of valve is 1 ineh, its travel 5 inehes; lead } of an ineh (this
large amount of lead has been chosen for the sake of clearness in the figure); stroke
of piston, 24 inehes; at what part of the stroke
will the steam be cut off ?

On the line 4 B, Fig. 56, lay off the exhaust /' :
and steam ports; also on this line find the cen-
ter ¢ of the circle @ b in a manner similar 4-9
to that followed in the last eonstruetion,
namely, by plaeing the valve in a central
position, as shown by the dotted lines and
marked 1), and then adopting the edge ¢ of the valve as the eenter of the cirele
abm; or, to use fewer words, we may say from the outside of the edge s of the
steam port, lay off on the line 4 B a point ¢ whose distanee from the edge s will be
equal to the lap, that is, 1 inch. From ¢ as a center, and with a radius of 24 inches
(equal § of the travel), deseribe the circle @ bm, whose cireumferenee will represent the
path of the center of eccentric. The lead of the valve in a locomotive is generally
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and sometimes as much as {%; of an ineh, when the valve is in full gear, in this exam-
ple we have adopted a lead of 1 of an ineh for full gear, henece, draw the seetion
of the valve, as shown in.full lines, in a position that it will oecupy when the pis-.
ton is at the beginning of its stroke, and eonsequently the distance between the edge
¢, of the valve and the edge s of the steam port will, in this case, be } of an inch.
Through ¢, draw a straight line perpendicular to 4 B, intersecting the circumference a
b m in the poiut »; this point will be the center of the eccentric when the piston is at
the beginning of its stroke, and since it is assumed that the eireumference a b m also
represents the path of the eenter of the erank-pin, the point y will also be the position
of the center of the crank-pin when the piston is at the eommeneement of its stroke.
Through the points y and ¢ draw a straight line y 2, to represent the stroke of the pis-
ton, and divide it into 24 equal parts. Through the point s draw a straight line per-
pendieular to 4 B, intersecting the eireumference @ b w in the point g, and through g
draw a straight line perpendicular to y x, and intersecting the latter in the point k;
this point will be the point of cut-off. If now the distance between the point £k and
point 19 1s } of the space from 19 to 20, we conclude that the piston has traveled 193
ineches from the beginning of its stroke when the admission of steam into the eylinder
1s suppressed.

Here we see that when a valve has no lead, as in Fig. 55, the admission of steam
into the cylinder will cease when the piston has traveled 20 inches; and when the
angular advance of the eccentric is ehanged, as in Fig. 56, so that the valve has 1 of an
inch lead, the point of eut-off will be at 194 inches from the beginning of the stroke, a
difference of 3 of an ineh between the point of eut-off in Fig. 55 and that in Fig. 56.
But the lead in locomotive valves in full gear is only about 3% of an ineh, which will
affect the point of cut-off so very little that we need not notice its effect upon the
period of admission, and, therefore, lead will not be taken into eonsideration in the
following examples.

THE TRAVEL OF THE VALVE WILL AFFECT THE POINT OF CUT-OFF.

73. Fig. 57 represents the same valve and ports as shown in Fig. 55, but the travel
of the valve in Fig. 57 has been inereased to 53 inches. The point of eut-off ¥ has been
obtained by the same method as that employed
in Figs. 55 and 56, and we find that this point
k ecoineides with point 21. Now notice the
: change caused by an increase of travel; when
s the travel of the valve is 5 inches, as shown
in Fig. 55, the admission of steam into the
eylinder will cease when the piston has trav-
eled 20 inches from the eommencement of its
stroke, and when the travel of the same valve
is inereased § of an ineh, as shown in Fig. 57, the admission of the steam will not be
suppressed until the piston has traveled 21 inches. Here we notice a difference of
1 ineh between the two points of eut-off. But it must be remembered that when the
travel of a valve for a new engine is to be found or established, the point of cut-off
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does not enter the question; we simply assign sueh a travel to the valve that steam
ports will be fully opened, or give it a slightly greater travel when the valve is in full
gear; and how to find this travel has been explained in Art. 59. The point of eut-off
is regulated by the lap and position of the eccentrie.

74. In order to find the point of ent-off it is not necessary to make a drawing of the
valve, as has been done in Fig. 55. The only reason for doing so was to present the
method of finding the point of cut-off to the beginner in as plain a manner as possible,
In order to show how such problems ean be solved without the section of a valve, and
consequently with less labor, another example, similar to Example 19, is introduced,

Lxamrre 21.—Lap of valve is 1§ inehes; travel, 54 inches; stroke of piston, 24
inches; width of steam port, 11 inches; find the point of cnt-off.

Fig. 58. Draw any straight line, as 4 B; anywhere on this line mark off 1} inches,
equal to the width of the steam port. From the edge s of the steam port lay off on
the line 4 B a point ¢, the distance between the points s and ¢ being 1§ inehes, that is,

59

equal to the amount of lap. From ¢ as a eenter, and with a radius eqnal to half the
travel, namely, 2% inches, draw a circle @ b m; the cireumference of this eirele will rep-
resent the path of the eenter of the eccentrie, and also that of the crank-pin. Through
s draw a straight line ¢ & perpendicular to 4 B35 this line ¢ & will interseet the circum-
ferenee @ b m in the points y and g. Through the points y and ¢ draw a straight line
y «; the diameter y x will represent the stroke of the piston. Divide y z into 24 equal
parts; through the point g draw a straight line ¢ k perpendicular to y x, and intersect-
ing ¥ x in the point X this point is the point of cut-off. Since £ coincides with the
point 18, it follows that the piston had traveled 18 inches from the beginning of its
stroke when the flow of the steam into the cylinder ceased.

75. Now we may reverse the order of this construetion and thus find the amonnt
of lap required to eut off steam at a given portion of the stroke.

ExampLE 22.—Travel of valve is 53 inches; stroke of piston, 30 inches; steam to
be cut off when the piston has traveled 22 inches from the beginuning of the stroke;
find the lap.

Fig. 59. Draw a eircle @ b m whose diameter is equal to the travel of the valve,
viz,, 33 inches. Through the center ¢ draw the diameter y 2. In this figure we have
drawn the line y x vertically, which was done for the sake of convenience; any other
position for this line will answer the purpose equally well. The circumferenee a b m
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represents the path of the eenter of the eceentric, also that of the erank-pin ; the diame-
ter y « will represent the stroke of the piston, and therefore is divided into 30 equal
parts. The steam is to be eut off when the piston has traveled 22 inehes from the
beginning of the stroke, therefore through the point 22 draw a straight line ¢ & perpen-
dicular to y x, the line g & intersecting the circumferenee @ b m in the point ¢. Join
the points ¥ and g by a straight line. Find the eenter s of the line y g, then, through s
and perpendieular to the line y g, draw the line A4 B; if the latter line is drawn accu-
rately it will always pass through the center ¢. The distanee between the points s and
¢ will be the amount of lap required, and in this example it is 17% inelies.

Examples like the foregoing are often given in a somewhat different form. For
instanee, let the travel of the valve be 5% inehes, stroke 30 inehes, steam to be eut off
at § stroke; find the lap. _

Here we draw the eircle @ b m and the diameter y z as before ; but instead of divid-
ing the diameter z y into 30 equal parts to eorrespond te number of inches in the
stroke, we divide it into four equal parts; the point of cut-off % will then be at 2 of the
diameter from its extremity y. Through the point k draw k g perpendicular to y z, and
proceed as before, and thus obtain the lap required.

It may also be stated that this eenstruetion will give the ameunt of opening of
the steam port; thus, in Fig. 59 the distance from s to b shows the amount of opening
of the steam port. If, for instanee, s b is equal to the width of the steam port, the
latter will be opened fully; if s ) is greater than the width of the steam port, the
edge of the valve will travel beyond the inner edge of the gteam port; and if s 0 is less
than the width of the steam port, the latter will uot be opened fully. This is obvious
from what has been said in relation to Figs. 33, 41, 42, 43, and 44.

76. It sometimes occurs in designing a new locomotive, and often in designing
stationary or marine engines, that only the width of steam port and point of eut-off is
known, and the lap and travel of the valve is not known.
In such cases both of these can be at once determined by
the following method.

ExampLE 23.—The width of the steam port is 2 inches;
the stroke of piston, 30 inches; steam to be cut off when
the piston has traveled 24 inches from the beginning of its
stroke ; find the lap and travel of the valve.

. \/ Fig. 60. Draw any cirele, as A B M, whese diameter is

\, Bt YR T,
k-:_ /,/g larger than what the travel of the valve is expected to be.
~*~ﬁ° Through the center ¢ draw the diameter y x, and, since the
A 1L stroke of the piston is 30 inehes, divide y x into 30 equal
parts. Steam is to be eut off when the piston has traveled 24 inelies; therefore throngh
point 24 draw a straight line ¢ k perpendicular to the diameter y x, intersecting the ecir-
eumference A B M in the point g. Join the points 4 and ¢ by a straight line; through
the eenter s of the line y g draw a line A B perpendicular to i g. Se far, this construction
is precisely similar to that shown in Fig. 59, and in order to distinguish this part of the
construction from that which is to follow, we have used dotted lines; for the remainder
full lines will be used. It will also be noticed by comparing Fig. 60 with Fig. 59 that,
if the diameter 4 I had been the correet travel of valve, then ¢ s would have been the
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correet amount of lap. But we eommeneed this construetion with a travel that we
knew to be too great; hence, to find the correet travel and lap, we must proceed as
follows: Join the points 5 and y. From s towards B, lay off on the line 4 B a point
b; the distance between the points s and b must be equal to the width of the steam
port plus the amount that the valve is to travel beyond the steam port, which, in this
example, is assumed to be § of an inch. Therefore the distanee from s to » must be
2t inches. Through b draw a straight line b y, parallel to B y, intersecting the line y
¢ in the point y,. Through the point y, draw a straight line y, x, parallel to the line
y x, and interseeting the line 4 I3 in the point ¢,. From ¢, as a eenter, and with a
radius equal to ¢, b, or ¢, ¥,, deseribe a cirele ¢ b y,. Then a b will be the travel of the
valve, which, in this case, is 7§ inches, and the distance from ¢, to s will be the lap,
whieh, in this example, is 1} inches.

PRACTICAL: CONSTRUCTION OF THE SLIDE-VALVE.

77. 1t should be obvious, and therefore almost needless to remark here, that the
foregoing graphical methods employed in the solutions of the problems relating to the
slide-valve are applicable to every-day praetice. The writer believes that these methods
are the simplest and best to adopt for ordinary use, and without these it would be diffi-
cult to eonstruet a valve capable of performing the duty assigned to it. Of eourse,
when a graphical method is employed, great accuraey in drawing the lines is neeessary.

We will give a praetieal example, in which one of the objeets aimed at is to show
the application of one of the foregoing methods to ordinary practice.

ExampLe 24.—The width of the steam ports is 14 inches; length of the same, 14
inches; thickness of bridges, 14 inches; width of exhaust port, 23 inches; travel of
valve, 4§ inches; stroke of piston, 24 inches; stcam to be cut off when the piston
has traveled 20F inehes from the beginning of its stroke; the edges of the exhaust
cavity are to eover the steam ports, and not more, when the valve stands in a central
position ; construet the valve.

Fig. 61. Draw a straight line 4 B to represent the valve seat; through any point in
A B draw another line D) C' perpendicular to 4 B; the line D (' is to represent the
eenter of exhaust port and the center of valve. Draw the
exhaust port, bridges, and stecam ports as shown.

The question now arises: How long shall we make the
valve? Or, in other words, what shall be the distanee be-
tween the outside edges of the valve cand ¢,? If the valve had
to admit steam during the whole stroke of the piston, or, as the
practical man wonld say, ¢ follow full stroke,” then the distance between the edges ¢ and
¢, would be equal to the sum of twice the width of one steamn port plus twiee the width
of one bridge plus the width of the exhaust port, hence we wonld have 2§ + 24 + 24 =7}
inehes for the length of the valve. But according to the conditions given in the exam-
ple, the valve must eut off steam when the piston has traveled 203 inches, therefore
the valve must have lap, and the amount of lap that is necessary for this purpose must
be determined by the method shown in Fig. 59, and given in conneetion with Example
22. Following this method, we find that the required lap is 7 of an inch, therefore the
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total length of the valve will be 71 + (3 x2) = 9 inches: or we may say that the distance
between the edges ¢ and ¢; must be equal to twice the width of one steam port plus
twice the width of one bridge plus the width of the exhanst port plus twice the lap,
consequently we have 23+23+23+1§ = 9 inches for the length of the valve. Through
the points ¢ and ¢, (each point being placed 43 inches from the center line €' 1)), draw
lines perpendicular to 4 B; these lines will represent the outside surfaces containing
the edges ¢ and ¢,. These surfaces must be square with the surface 4 B, beeause, if
they are not so, but are such as shown in Fig. 64, the distance between the edges ¢ and
¢y will decrease as the valve wears, and when this oceurs the valve will not cut off the
steam at the proper time. Now, in regard to the cavity of the valve. One of the con-
ditions given in our example is, that the edges of the eavity must cover the steam
ports, and no more, when the valve stands in a central position, therefore the inner
edges ¢ and i, of the valve must be 4§ inches apart, which is equal to twice the width
of one bridge plus the width of the exhaust port; consequently, when the valve stands
midway of its travel, the inner edges of the valve (being 4% inches apart) and the inner
edges of the steam ports coineide. Through the points ¢ and i, (each being placed 22
inches from the center line C' D)), draw the straight lines i ¢ and i, ¢, perpendicular to
A B. These lines will represent the sides of the cavity containing the inner edges i
and i, of the valve, and these sides must be square with the surface 4 B; if these are
otherwise, for instance such as shown in Fig. 64, the distance between the edges i and
t, will change as the valve wears, and then the valve will not perform its duty correctly.
The depth d d, of the ecavity is generally made from 1} to 13 times the width of the
exhaust port. The writer believes that making the depth of the cavity 13 times the

width of the exhaust port is the best practice. In our example the width of the exhaust
port is 24 inches, and 24 x 13 = 3% inches, which will be the distance from d to d,, that
is, the depth of the cavity. The curved surface of the cavity is generally a eylindrieal
surface, and when it is so, as in our example, this surface must be represented in Fig.
61 by an are of a cirele. The sides ¢ ¢ and i, ¢, must be planed, and to do this eonven-
iently, these sides must extend a little beyond the ecurved surface, towards the center
C D. Consequently, through the point d, draw an are whose eenter is in the line C 1),
and whose radius is sueh that will allow the sides to projeet about {5 of an inch. Here
we have lines which eompletely represent the cavity of the valve and the valve face.
If we now add to these lines the proper thickness of metal, as shown in Fig. 62, this
section of the valve will be complete. -

Fig. 63 shows a seetion of the valve taken at right angles to that shown in Fig. 62.
Since the ports are 14 inches long, the cavity of the valve must be 14 inches wide, as
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shown. The amount that the valve overlaps the ends of the steamm ports must be suffi-
cient to prevent leakage. Ifor a valve of the size here shown, 1inch overlap is allowed,
and the thickness of metal around the eavity is generally 4 of an ineh. For smaller
valves the overlap at ecach end of the steam port is from § to I of an ineh, and the
thickness of metal around the eavity is 2 of an ineh.

The valve here shown is suitable for a locomotive eylinder 16 inches in diameter,
and a piston speed of 525 feet per minute, and the dimensions here given agree with
those of the valves that are at present in use.

INSIDE LAP, CLEARANCE AND INSIDE LEAD.

78. Now, a few words in regard to some other terms used in eonneetion with the
slide-valve.

InsipE Lap.—The amount that the inside edges ¢ and i, of the valve, Fig. 65, over-
lap the inside edges s and s, of the steam ports, when the valve stands midway of its
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travel, is ealled inside lap; thus, the distanee from s to i, or from s, to i, represents the
inside lap. Its purpose is to delay the release of steam.
_ The amount of inside lap is eomparatively small, rarely exeeeding % of an ineh,
and in many loeomotives the valves have no inside lap. Rules for determining
the inside lap cannot be given, beeause engineers do not agree on this subjeet. The
writer believes that for slow-running loeomotives, partieularly if these have to run over
steep grades, a little inside lap will be beneficial. For ordinary passenger locomotives
running on comparatively level roads, no inside lap should be used.

79. InsibE CLEARANCE—When the valve stands midway of its travel, as shown in
Fig. 66, and its inside edges i and i, do not eover the steam ports, then the amount by
whieh each edge of the valve comes short of the inner edges of the steam ports is called
inside elearance; thus, the distance from i to s, or from i, to s,, represents inside elear-
ance. The purpose of inside clearance is to hasten the release, and is sometimes
adopted in very fast-running loeomotives. It seldom exeeeds g of an ineh. Good
judgment and great experience are required for determining the amount of elearance,
and in deciding for what classes of locomotives it should be used. In ordinary pas-
senger loeomotives the valves have no inside elearance.

80. The width of opening of the steam port for the release of steam at the begin-
ning of the stroke is called inside lead ; thus, when the piston is at the beginning of its
stroke, and the valve oceupying the position as shown in Fig. 67, then the distanee
between the inner edges i, of the valve and the inner edge s, of the steam port is ealled
inside lead. The simple terms “lead” and “lap” are used among engineers to desig-
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nate outside lead and lap; henee, the neeessity of using the terms “inside lead” and
“inside lap” when sueh is meant.

THE EVENTS OF THE DISTRIBUTION OF STEAM.

81. In the distribution of steam during one revolution of the erank, four distinet
events oceur, namely:

1st. The admission of steam.

2d. The euntting off, or, in other words, the suppression of steam.

3d. The release of steam.

4th. The eompression of steam.

Fig. 67. The outside edges ¢, and ¢, of the valve, and the outside edges o and o, of
the steam ports, will regulate the admission and suppression of steam ; the inner edges
¢ and i, of the valve and the inner edges s and s, of the steam ports control the release
and eompression of steam. The parts of the stroke of the piston during which these
events will happen ean be found by the following methods:

ExamrLE 25.—Travel of valve, 5 inches; lap, 1 ineh; lead,  of an ineh; stroke of
piston, 24 inches; no inside lap or elearance. Find at what part of the stroke the
admission, suppression, release, and eompression will take plaee.

In Figs. 67, 68, and 69 the valve ocenpies different positions, but the seetions of
the valve in these figures are exaetly alike, because they represent one and the same
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valve. In Fig. 67 the distance between the edge ¢, of