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PREFACE TO THE SECOND EDITION.

More than twenty years have elapsed since this work was
originally published, and now the second edition is issued to
meet the continuous demand with which the book has been hon-
ored, and to embrace the many changes and improvements that
have been made in locomotive construction. '

In the preparation of the present edition, no pains, nor ex-
pense, have been spared which seemed to promise for the
book a high degree of accuracy and of usefulness in meeting
the requirements of the present time. The text throughout
has been carefully revised. Much of it has been entirely re-
written, in order to present certain subjects with greater fulness
or in new aspects, as seemed, by the course of recent develop-
ments, to be rendered necessary, and a great deal of new ma-
terial has been added. DBut the basic plan remains much the
same—to present in a practicable manner useful information
regarding the construction and opera.tion of the locomotive up
to date.

To enable the reader to obtain additional information re-
garding the various appliances described in the book, in which
he may be interested, we have appended the names and ad-
dresses of the manufacturers of the appliances in the text.

Special care has been taken to use as plain, common sense
language and grammatical construction, as the technical char-



acter of the work will permit—so that it may be understood
by anyone who can read the English language. Accuracy has
also been our aim, but it is almost impossible to edit a book of
this nature entirely free from error, and it is issued with a
realization that it is perhaps faulty in some instances. How-
ever, if the reader will kindly direct the publisher’s attention to
such errors of commission or omission as may be found, cor-
rections will be gladly made in future editions. :

It is a pleasure to the author, and it is most certainly his
duty, to make public recognition of his indebtedness to those
who have rendered him assistance in the prosecution of his
labors. Personal acknowledgments of indebtedness have been
made to various contributors, inventors and .manufacturers, yet
we feel that our obligation would not be fully discharged with-
out publicly expressing our thanks to the American Locomotive
Company and the Baldwin Locomotive Works; and to Mr.
Thomas J. Pembroke and Mr. Frank McGrayel, of Chicago, Il1.,
for carefully reading the proofs, and also to the 100,000 pur-
chasers of the first edition who made this work possible.

C. L. McS.

Chicago, I11., April 15, 1920.

PREFACE.

It is unnecessary for me to point out in detail what I regard
as the most valuable features of this work, as my judgment may
be warped by the circumstances that I have found certain sub-
jects more interesting than others. Indeed, in my judgment,
every work must stand or fall upon its own merits, and nothing
that an author can say in reference to it can avail to change the
ultimate verdict of those who subject it to the decisive practical
tests that they are called upon to apply in the discharge of their
duties.

I desire to express my sincere thanks to the Railway Public
for the generous reception accorded my former efforts, and trust
that in this work I may be deemed, in some degree at least, to
have made good my pledges to the gentlemen who requested
the preparation by me of a more comprehensive work on the
same subject.

The number of contributors, inventors, locomotive works and
mechanical journals who have rendered assistance are too numer-
ous to admit of my thanking them by name, but I beg here to
renew to them all the acknowledgments which have already been
made to each in person. C. McS.

Chicago, January 21, 1899.



Brief History of the Locomotive.

The first self-moving steam engine of which we find any rec-
ord was built by Nicholas Cagnot in France in 1769. It was, of
course, of very crude form, being mounted on a carriage and
run upon the public highway, but it was from this insignificant
little engine that we are able to trace locomotive construction and
development down to the present monsters of the rail. It is
true that Isaac Newton has received credit for being the original
inventor of the steam engine, but the boiler constructed by him
in 1680, and called an engine, cannot properly be so termed,
because it failed to move, and therefore failed to develop any
power. It consisted of a spherical boiler mounted on a carriage
and the intended propulsion was through the force of escaping
steam against the atmosphere; naturally it proved a complete
failure.

To James Watt, more than to any other man, is due the honor
of first controlling and utilizing steam for power and perfect-
ing the steam engine, although Newcomer and others had used
steam for lifting water, etc.,, long before Watt's time. To
Trevithick of England is due the honor of first applying the
steam engine to rails, or tramways. His engine bore his name
and was first run on the Merthyr Tydvil Tramway in South
Wales, February 1, 1804. It was a pronounced success, al-
though it appeared that Mr. Trevithick had built a machine
which he could not control, as the engine ran off the track and
was badly wrecked the first day. The presumption is, however,

4



10 THE LOCOMOTIVE UP TO DATE

that this was due to his inexperience as an engine driver. Many
other locomotives were soon afterward built in England, several
of which have since become famous. American engineers were
not inactive, however, while all this experimenting was taking
place across the water. Nathan Reed, of Salem, Mass., built an
engine as early as 1790, it being the first locomotive ever built
in America; like the Cagnot engine it was also mounted on a
carriage and was run on the public highway.

The first locomotive to run on rails in America was the “Tom
Thumb,” built by Peter Cooper, of New York, in 1829, The
“Stourbridge Lion,” being imported from England the same
year, was the first locomotive to cross the Atlantic ocean. It was
at about this time that locomotive construction actively began on
both sides of the Atlantic. The niost important factor in the
success of the locomotive was found to be the mechanism em-
ployed to distribute and control the steam, which was called
the valve gear.

In the early Idays of locomotive construction many locomo-

tives were imported to this country, but the tide of importa-

tion soon turned and our builders have for many years been
shipping American locomotives to all parts of the world. This
is due to the fact that we build the fastest, most powerful and
best locomotives in the world; the American locomotive being
noted for its simplicity, convenience, speed and power. Modern
types of freight and passenger locomotives, built in this country,
with their general dimensions, are shown on the first pages of

this volume.
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LOCOMOTIVE VALVES.

Introduction.

The functions of a steam valve used in the locomotive cannot
well be overestimated, and its importance has been aptly com-
pared to that of the heart of the human body.

While the construction and operation of valves are compara-
tively simple, and can readily be understood, the subject has
generally been surrounded with mystery, and the principal diffi-
culty encountered by the student has been the false impression
that the subject is necessarily a difficult one. If, however, the
beginner can bring himself to believe that the slide valve is noth-
ing more complex than a flat faced plain metal slide, adapted to
work to and fro upon a flat faced seat which includes steam
ports, to be alternately opened and closed by the forward and
backward motion of the metal slide, he will have made a satis-
factory beginning.

THE PLAIN SLIDE VALVE.

The slide valve in a crude form, Fig. 1, was invented by Mat-
thew Murray, of Leeds, England, toward the end of the eighteenth
century. It was subsequently improved by James Watt, but the
long D slide valve, which, in improved form, is used at present,’
is credited to Murdock, an assistant of Watt's.. It came into
general use with the introduction of the locomotive, although
Oliver Eames, of Philadelphia, Pa., appears to have perceived its
actual value earlier, for he applied it to engines of his own build
years before the locomotive era. But it was upon the locomotive
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that it clearly demonstrated its real value; its simplicity of con-
struction and durability, together with the high speed at which
it could be operated, at once commended it to the designers of
locomotives of those days, and, although repeated efforts have

;
i

Fic. 1.
been made to displace it, it is still employed in one or another
of its many forms on locomotives at the present time.

Elementary Principles.

The efficient and economical operation of a steam valve re-
quires that a certain amount of steam, ample for the load to be
moved, must be allowed to enter and escape from the cylinder at
fixed predetermined points of the piston travel; for example:

First: Steam must not be admitted at both ends of the cylin-
der at the same time;

Second: The exhaust of steam from the cylinder should com-
mence a little before, but never later than, the admission of steam
at the opposite end, and

Third: The exhaust edges of the steam ports should be cov-
ered completely when the valve stands in its central position, so

THE LOCOMOTIVE  UP TO:- DATE 13

as to prevent steam from passing from the steam chest into the
exhaust port. _

A valve which will not fulfill these requirements cannot be
used with success or economy.

Satisfactory results can only be obtained from a properly con-
structed valve, and its size i1s governed solely by the prolndrtions
of the valve seat upon which it slides.

For this reason, to assist the reader in understanding the de-
signs of the valves now in use, we present a general outline of

the valve seat.

Construction of the Slide Valve Seat.

The surface upon which the valve rests and slides, called the
valve seat, is, generally, cast on top of the cylinder, and must be
planed perfectly smooth, to aveid friction as much as possible,
and to insure a steam tight fit. It is provided with two steam
channels, or ports—one in each end, which also serve as exhaust
passages; and one exhaust cavity, or port, situated in the center
between the two end ports, all of which terminate in the smooth
flat surface called the valve seat, or base.

Fig. 2 shows a top view, and a cross-section, of the valve seat.
The steam ports communicate with the boiler and the exhaust
cavity, and port, alternately, while the exhaust cavity, and port,
terminate with the atmosphere, through the exhaust nozzle and
stack, for the discharge of steam which has been used. '

To insure good service, both the valve and the valve seat
should be made of hard cast iron. It occasionally happens, how-
ever, that the cylinder casting is made of softer metal than it
should be, and, as'a result, the valve seat wears rapidly. In such
cases a false seat must be applied, just as is done when the valve
seat is faced down to its limit. The practice of substituting false
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seats should be avoided when possible, for they are expensive,
and are almost sure to give trouble unless the work is performed
in the best possible manner.

g
?’ .
Z

Fi1G. 2.

-

The valve seat should always be raised a little, from 114 to 134
of an inch, above the surrounding metal of the cylinder, and
should be a trifle shorter than the points of extreme travel of the
valve, to prevent the wearing of a shoulder on the valve seat.

The longitudinal width of the valve seat is not so important,
except where special valves of the Allen type are used, but when
possible it should be made wide enough to allow a surface for
the valve equivalent to the width of one bridge when the valve is
at extreme travel position, as hereafter shown in Fig. 9, unless
such allowance would result in the wearing of a shoulder on
the valve seat when the engine is hooked-up in the working notch.

[l
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Bridges.

The walls, or partitions, which separate the steam-ports from
the exhaust cavity, referred to as bridges, should be made as thin
as possible, to reduce the pressure required to move the valve, but
of sufficient strength to resist the highest pressure to which they
might be subjected. The thickness of the cylinder walls is
generally considered a safe measurement for that of the bridges.
They are, however, usually made a little wider, but the face may
be beveled without materially affecting its strength: however, it
should be remembered that a reduction of 14 inch in its width
will reduce the width of the valve 14 inch, and result in a decrease
of the area on top. Over-travel should also be considered, and
sufficient surface be provided for the valve, when it is in extreme
travel position, to secure a steam tight joint, about 14 inch being
sufficient. The wear must also be taken into consideration, for
too narrow a bridge would not maintain a steam-tight joint.

As a general rule the width of the bridge is less than the width

of the steam port, and on American locomotives it varies from
15/16 to 114 inches.

Port Opening.

The port opening is the width of opening, to or from a cylinder,
when the valve is at its extreme pdsitions.

Arn important task in designing a valve is to provide proper
port areas for the admission and exhaust of steam. If the cross-
sectional area of the port is too small, the steam will be choked,
or throttled, its velocity increased, and its pressure reduced. This
result is generally referred to as wire-drawing, the effect of which -
will be considered later on. On the other hand, if too large a
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channel be provided, the clearance volume will be unnecessarily
increased, and economy of the engine reduced proportionally..

The proper size is that which will insure the largest port open-
ing practicable at the running cut-offs, while reducing the pre-
admission in full gear to a negligible quantity. Any port open-
ing desired at the working cut-off may be secured by giving the
necessary lead to the valves. But to reduce preadmission, and
render it negligible, so far as starting is concerned, steam lap
should be added. The more lap given a valve, the less faulty
steam distribution is to be expected, and vice versa.

Even though changes in speed may not affect the extent of port
opening, the length of time of its opening will be reduced as the
speed is increased, and, as a result, a smaller amount of steam
will be admitted per stroke, depending, of course, upon the
amount the speed is increased.

In some cases the throttling of steam is unavoidable, but it can
be diminished by a quick opening and closing of the valve.

Location of Port Openings.

It is advisable, when possible, to use a small valve, and to place
the ports as close together as practicable, for friction and weight
are important considerations, and much work is required to
accelerate and retard the moving masses employed; besides, the
wear and tear of the valve gear will be in proportion to the acting
forces, The unbalanced D slide-valve, as will be hereafter shown,
has steam pressure over its entire back, or top, and the friction
and weight are necessarily increased in proportion to its size.

Steam Ports.
No general rule governing the size of the steam ports can be
stated, for considerable difference of opinion exists in regard to
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this, and it has not been determined with any degree of accuracy.
But it may be said that the size depends, to a considerable extent,
upon the speed of the piston and the dimensions of the cylinder.

Allowing the area of the steam ports to be about one-twentieth
of the area of the cylinder, and the piston to be moving at about
300 feet per minute, saturated steam would travel through the
ports at nearly its maximum velocity of 6,000 feet per minute.
The ports should be arranged to suit this speed.

When the admission of full boiler pressure steam to the cylin-
der is desired, for high-speed engines, large ports are necessary,
to secure free admission and exhaust, but small ports are more
satisfactory and preferable, when they can be used, for they keep
the valve motion within more practical limits,

The admission of live steam does not require as large a port
opening as is necessary for the exhaust of the expended steam,
and if the port is large enough for the exhaust to pass out with-
out appreciable back pressure, it will be ample for the admission
of steam. In high-speed engines there is seldom any difficulty
experienced in getting steam into the cylinder, but occasionally
trouble is encountered in getting the steam out of the cylinder
fast enough.

It has been demonstrated that for a piston speed of 600 feet
per minute, a good exhaust will be secured when the area of the
steam port is 1/10 the area of the piston, if the steam is in an
ordinary state of dryness. Of course, for slower piston speeds
the steam port area will be less, and will be proportionally larger
for increased piston speed; in fact the rule of proportion may be
stated as follows:

Given piston speed in feet per minute X .1 = 600 = the port
area in fractional parts of the piston area.
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In other words, the specified piston speed in feet per minute
multiplied by 1/10, and divided by 600, will equal the port area
in fractional parts of the piston area.

Now, if we multiply the area in square inches of the piston by
the port area, in terms of the piston area, we can ascertain the
number of square inches that the steam port must contain; for

example :

To find the steam port area for a cylinder 24 inches in diameter,
and a piston speed of 650 feet per minute, we may put our data
in the following form:

650 X .1
—=.108
600 ;
that is, the port area must be equal to 108 /1000 part of the piston
area. The area of a piston 24 inches in diameter is 452.39 square
inches, hence 452.39 X .108 = 48.85812. This means that the
steam port must be 48.85 square inches for this particular piston
speed. Of course, for a slower piston speed, this port area
should be less, for instance, if the piston speed is to be 500 feet
per minute, and the diameter of the cylinder 24 inches, as in the
previous example, we have—
5005 F
— = .083
600

.and ‘the piston area 452.39 X .083 = 37.4837 square inches for .

port area.

To ascertain the proper area for a steam port it is only neces-
sary to multiply the area of the piston in square inches by the
number opposite the piston speed shown in the following table,

which has been found to give good results:
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Speed of piston in

feet per minute. Multiplied by
{00 s g W S A oL S 016
155 0 el o O S I e B R S e R e 025
72, 8o O T e A e e O £ 033
el B S e e S E R e e 041
A e e e e e S e D .050
o) e AT e N s I Ly e e o e .058
OO s R e e e e 066
AR T e e e M R e e 075
SO0 ier Sl AR e o) S s .083
T e e e e S S b S 091
OO i e L R R s R 100
GO RAT A e S S TS T O R e 108
2O Sl e o L e s e AR R 116
i e B e e e S Nl e Tl S 125
S s, < T e s SR T L s e L S S 133
B e e e AR e & R nt A 141
s Rl IR (8 S S e RSO B e 150
A e e e e R s ey S s 158
B ot R e e e st s ey ioars 166

Another rule for ascertaining the area of the steam port is
this : multiply the square of the diameter of the cylinder by .078.
The result, however, is applicable at about 600 feet per minute
piston speed.

The length of the steam port is usually made equal to, but
should never be less than three-fourths of, the diameter of the
cylinder. Better results are obtained from long ports, as they
increase the openings for admission and release, reduce the travel
necessary to obtain a full port opening, and reduce the area on the
back of the valve, so that the valve can be moved with less power.
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Assuming that the length of a steam port, with square ends,
has been decided upon, the necessary width of the port can be
ascertained by dividing the area of the steam port by its length.
If predetermined width is specified, divide the area of the port
by the width, and the quotient will be the length of the port.

It is a general rule, in practice, to make the port opening coin-
cide with the passage, or channel. It is also considered good
practice to have the ends of the steam ports form a semi-circle,
as shown by the dotted lines at the end of the ports in Fig. 2,
for ports with square ends are liable to wear grooves and ridges,
although they admit and cut off steam along the entire edge of
the port at the same moment. Another advantage derived from
constructing the ends of the ports semi-circular is the additional

strength given to the bridges.

Exhaust Port.

The exhaust port is the opening, or cavity, in the valve seat, in
which the exhaust passages terminate.

The exhaust port should be made more than twice the width
of the steam port, especially with over-travel, to secure the free
escape of steam, and to reduce the back pressure as far as prac-
ticable; if made smaller it would throttle or choke the steam, as
shown by Fig. 9. On the other hand, it should not be made too
wide, or it would unnecessarily add to the size of the valve and
increase the pressure on it, thereby increasing friction and the
wear and tear on the valve gear. In addition, it may be noted
here that the size of the exhaust port has no material influence on
the valve. With unbalanced valves, however, it is considered good
practice to reduce the exhaust cavity as much as possible; in such
a case the exhaust cavity opening at the extreme end of the valve
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travel may be reduced to about five-eighths of the width of the
steam port area, as a result of the valve overlapping.

The general rule for ascertaining the width of the exhaust
port may be stated as follows: Add the width of one steam port
to one-half the travel of the valve, and from that amount sub-
tract the width of one bridge. Another rule for determining the
area of the exhaust port, is to multiply the square of the diameter
of the cylinder by .178.

Assuming now that the reader has a general idea of the form
of the valve seat, the question arises: Of what size shall we make

the valve?

Construction of the Valve.

We do not believe that an analysis of the various theories ad-
vanced in favor of a large or small sized valve would be of any
benefit to the reader at this time; therefore, we shall proceed to
construct a valve for the valve seat previously illustrated.

The face of the valve seat is here shown by the line A B in
Fig. 3, and we will now draw the perpendicular line C D through
the center of the line A B, to locate the center of the exhaust
port and the center of the valve when it stands in mid-position.

If the valve be constructed without exhaust lap, or exhaust
clearance, its exhaust edges must coincide with the exhaust edges
of the steam ports, and its inside width must equal that of both
bridges and the exhaust port, or be 1)4+4-1%4-+3=51% inches.

Next we will draw the heavy base lines from the outer edges
of the bridges to the outer edges of the steam ports, a distance
of 134 inches.

This will give us a valve which is termed line and line, as
shown in Fig. 1, but such a valve would not be satisfactory, for
reasons we shall soon make clear; therefore, we must give the
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valve steam lap, and, without stopping at this time to state the
rule for determining the proper amount of lap for any particu-
lar valve, we will add thé width of one bridge, or 114 inches, at
each end, so that our heavy base line is now 134 4 138 = 25§
inches, at each end.

iD
i e
e— 255" —pta— 23" —t-i

L

e 2360 —rfersgnter g Pt
c
Fic. 3.

Now, in determining the thickness of the metal necessary to
support the valve face we must allow something for wear, and
its depth should be enough to insure a proper support for the
valve yoke, so we will make the flange twice the thickness of
the sides or top of the valve, or 1 inch.

Now, to lay out the exhaust cavity, we will draw two heavy
lines 1 inch high, to correspond with the outer edges of the valve
flanges, from the inner edges of the steam ports; making the two
lines perpendicular to the line A B. The depth of the exhaust
cavity is sometimes made a trifle less, but it should not be
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greater, than the width of the exhaust port plus one steam port.
We believe, however, the larger size will give better results so
we will make it 3-+134=434 inches. '

Now we must decide upon the height of the outer walls of
the valve, and upon the shape of the top of the valve, for some
valves are constructed with a round top, as illustrated in Fig. 1,
while others are made with a square top.

If the flange of a valve face is allowed 14 inch for wear, then
the thickness of the top and sides for either form of valve may be
made the same, for they do not come in contact with wearing
surfaces, and are not subject to wear.

Without attempting to decide upon the advantages to be de-
rived from the adoption of either form of top, or crown, we shall
assume the round top is, for some reason, undesirable.

Now, returning to Fig. 3, we will draw a light line, from the
top of the outer end of the metal flange supporting the valve
face, to a point 14 inch from the inner edge of the exhaust arch.

It is obvious that the outer sides, designated E F and G H,
must extend upward a distance in excess of the deptﬁ of the
exhaust cavity (434 inches), and the thickness of the exhaust
arch (14 inch), or a total of 474 inches, to secure a square top,
so we will draw the two outer lines to a point 5 inches from
the valve face.

The two depressions, or recesses, indicated by the letters L M,
are solely for the purposes of saving metal and dispensing with
unnecessary weight of the valve.

A flat top for the valve is preferable because the increased
height of the valve provides a larger surface against which the
valve voke may bear, and it gives a form which may be laid on
its back and secured to the planer without difficulty, when the
valve face is to be planed. The flat top also furnishes a con-
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venient base for the insertion of balance springs and strips, when
it is desired to convert a plain slide valve into a balanced valve.

Unless the reader thoroughly understands the meaning of the
terms commonly used in describing the construction and opera-
tion of the valve, it will be difficult, if not an impossibility, for
him to intelligently follow our discussion of the valve and the
valve events. Therefore, to assist the student, we will first ex-
plain the meanings of the principal terms, and, afterwards, the
construction of the valve.

Valve Events.

The valve events are the periods during its travel when the
valve and port edges register. They are the points of the
piston at which five distinct events occur, in the distribution of
steam, during one revolution of the crank, namely: Admission,
Cut-off, Expansion, Release, or Exhaust, and Compression. The
events enumerated are all important and may be defined as fol-
lows:

Admission—Is the entrance of steam, through the steam port
opening, to the cylinder, to be used in applying positive pressure
to the piston. The admission of steam begins when the steam
edge of the valve uncovers the steam edge of the steam port, at
the point indicated by the small arrow, in Fig. 4, when the valve
is moving in the direction of the arrow B, and continues until
the valve reaches the end of its travel and returns to the same
point—at which admission commenced—when the supply of steam
to the cylinder is cut off.

Cut-off —Is the stopping, or cutting off of, the admission of
live steam to the cylinder, before the piston has completed its
stroke. The point of cut-off is reached when the steam edge of
a valve arrives at the same position as for admission, but is
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moving in the opposite direction, and completely closes the steam

port, as shown by the small arrow in Fig. 4, when the valve is
traveling in the direction of the arrow A.

F1c.- 4.

Expansion—Is the continuation of a positive pressure on the
piston, beyond an admission period, which occurs in a cylinder
when the steam supply is cut off between the steam chest and the
cylinder by valve lap, while the piston continues its motion. Ex-
pansion begins at the point of cut-off, and continues to the point
of release, or exhaust, shown by the small arrow in Fig. 5, when
the valve moves in the direction of the arrow A.

i

Fic.

n

Release, or Exhaust—Is the reduction of pressure on the
piston, and is accomplished by the release of the expanded steam
from the cylinder to the atmosphere, and is caused by exhaust
port opening. The point of release is reached when the exhaust
edge of the valve uncovers the exhaust edge of a port and allows
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the steam which has performed its work in driving the piston,
to escape through the exhaust port. The point of release is
shown by the small arrow in Fig. 5, when the valve is traveling
in the direction of the large arrow A, and it continues until the
valve reaches the end of its travel and returns to the same point—
when release ceases and compression begins.

Compression—It is accomplished by suspending communica-
tion from a cylinder to the exhaust passage, before the piston
has completed its stroke. The point at which compression begins
_ is reached when the exhaust edge of the valve hias completely
closed the port and cut off the escape of exhaust steam, as shown
by the small arrow in Fig. 5, when the valve is traveling in the
direction of the arrow B, and the piston is approaching the end
- of its stroke to the left, and it continues until preadmission. The
positions of the valve for compression and release are the same,
but the valve is moving in opposite directions for the two events.

The resistance of the exhaust during the period steam is being

released is called “back pressure,” and it is sometimes designated

as an “event” of the stroke, which may be defined as follows:

Back Pressure—It is the pressure on the exhaust side of the
piston, caused by the steam left in the cylinder after the exhaust
opening, which opposes the advancing motion of the piston dur-
ing 1ts return stroke, and causes a reduction of the work accom-
plished by the piston through the action of live steam.

It is also important for the reader to note what details of the
valve, and connected parts, govern the valve events enumerated,
and what relation they bear to each other, by relative changes in
any of them. Those positions of the valve which control the
distribution of steam are steam lap and exhaust lap—the former
governing admission and cut-off, and the latter release and com-
pression.
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Lap—The distance the steam edge of a valve overlaps the
steam port, when the valve stands in its central position, is called
steam-lap, or simply lap. Steam lap is equal to the distance the
valve is displaced from mid-position when admission or cut-off
occurs. The distance by which the exhaust edge of a valve over-

Fig. 6.
laps the steam port, when the valve stands central upon the valve
seat, is known as exhaust-lap, or cover. Exhaust lap is equal to
the distance the valve is displaced from mid-position at the point
of release, or compression. Steam-lap is indicated by the dis-
tance between the lines A and B, while exhaust-lap is shown by
the distance between the lines D and E, in Fig. 6.

 Exhaust Clearance—TIs the distance between the exhaust edge
of the valve and the exhaust edge of the port—the width of port
uncovered by the exhaust edges of a valve when the valve is in
m_i'd-posiltion. It is also called negative exhaust lap, and is indi-
cated by the letters C and C, in Fig. 7. :
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