


VALVES AND VALVE GEARS

BY
FRANKLIN DERONDE FURMAN, M.E.

Vol. I. Steam Engines and Steam Turbines.
x 42563 pages, 6 by 9. Profusely illustrated with
figures in the text. Cloth, $2.50 net.
Vol. 1I. Qasoline, Gas and Oil Engines.

xi 4190 pages, 6 by 9, 170 figures. Cloth,
$2.00 net.




VALVES AND VALVE
GEARS

VoLuME I—STEAM ENGINES AND STEAM TURBINES
VoLuME II—GasoLINE, Gas AND O1L ENGINES

BY

FRANKLIN DeRONDE FURMAN, M.E.

Professor of Mechanism and Mathine Design
at Stevens Institute of Technology

Member of American Society of Mechanical Engineers

VOLUME I

SECOND EDITION
RESET AND ENLARGED

NEW YORK

JOHN WILEY & SONS, Ixc.
Lonpon: CHAPMAN & HALL, Limitep

1915



A

J
F 75

v, !

ILngineering
Library

Copyright, 1915, by
FRANKLIN D:RONDE FURMAN

Jloo o e e o

PUBLISHERS PRINTING COMPANY
207-217 West Twenty-fifth Street, New York



PREFACE

Tuis work has grown from a set of mimeographed notes which
were first issued by the author in 1903. Three years ago, in order
to serve their purpose better, these notes were issued privately in
book form. This book referred chiefly to steam engines and briefly
to steam turbines. In the present edition the matter relating to
present-day reciprocating steam engines has been considerably
increased, the steam turbine has been treated much more com-
pletely, and a separate volume has been added on the several types
of the internal combustion engine. In all of these editions the
subject of valves and valve gears has been treated from the stand-
point of mechanism, rather than from that of power, and the chief
aim has been to tell in particular, instead of in general, just how the
engine or motor is regulated; also to tell how the valves and valve
gears may be laid out, with due regard for the laws of mechanism,
to give desired control of the steam or gas or other operating agent.

A feature of the present edition is a collection of all types of
practical prime-mover valves into a few (seven) fundamental forms,
as illustrated on pages 51 and 52, and a grouping of six fundamental
types of mechanism from which all practical valve-gear constructions
may be formed. These are stated on page 55. As the work grew it
became evident that there would not be sufficient time for a student
in any prescribed four-year engineering course to study even a minor
fraction of all the successful and characteristic valve gears for the
steam and internal combustion engines of the present day. The
fundamental groups of valves and valve gears referred to above were
then prepared with a view to having the student learn them thor-
oughly, and then take up at least one application of each group as it is
applied in the practical valves and gears described in the book. The
remaining cases constitute a ready, and it is hoped a reliable, technical
reference for students and for all who may be interested in the various
phases of the subject. '

In order to facilitate the use of this book as a text, it has been
divided into many paragraphs which are consecutively numbered in
each section. An endeavor has been made to devote each para-
graph to either a purely technical or purely descriptive phase of the
subject in hand, so that the instructor may readily select and assign
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iv PREFACE

paragraphs to bring out either fundamental or applied material to
suit any course of study.

The new material which has been added on the subject of the
reciprocating steam engine in the present edition includes the semi-
plug and high-pressure piston valves of the American Balance
Valve Co., the Rice & Sargent-Corliss engine, including the Rites
and Sargent governors and directions for setting valves and valve
gear, Nordberg valves and valve gears, J. T. Marshall valve gear,
Sulzer steam engine valve gear, Williamson steering gear, and several
types of the uniflow steam engine. The Curtis ‘““steam-actuated”
and “mechanical”’ gears, the Westinghouse “direct” and “steam-
operated’’ gears, and the De Laval gear have been added to the
section on steam turbine.  All of the material on the gasoline, gas,
and oil engines is newly prepared. The method of using the sinusoidal
diagram in laying out the sleeve valve in connection with the Lyons-
Knight engine, and of analyzing the kinematic action of revolving
engines such as the Gnome and Gyro, are original, although it is quite
possible that the manufacturers have laid down work of a similar
nature in the development of their respective engines.

The features of the older edition which have been retained in the
present work include: the order of presentation of the topics; the
numerical marking of the lines of the valve diagrams, in the order
of their construction, at the beginning of the course, thus requiring
synthetic as well as analytic study; the formula for determining
exactly the steam lap from the Zeuner diagram when port opening,
lead, and cut-off are given; the introduction of preliminary free-hand
problems before taking up the regular drafting-table problems; the
combining of the valve ellipse with the steam engine indicator card
to determine the steam and exhaust laps, steam- and exhaust-port
openings and lead while the engine is in service, or without removing
the steam chest cover; the method of determining the width of the
cut-off blocks for the Meyer valve; the Corliss valve-gear design;
and the condensed arrangement of Auchincloss’s method of design
of a link motion.

In addition to the above, instances occur throughout the work
where the author has been enabled to add to or rearrange the work
of others, as a result of considering the subject principally from the
point of view of mechanism. In most cases the information that
has been made use of as a basis for the present work has been gathered
from a wide range of books, periodicals, and conversations, and by
far the larger part of it all may be found scattered in duplicate in
various forms of record. There are instances, however, where
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definite credit is due to originators of construction, method, or ar-
rangement, and in all such cases the present writer has cheerfully
given such credit in the body of the work where the references occur,
so far as he has known that credit is due.

Much of the material in this work has been arranged after ex-
tended visits to drafting rooms in which the work in valve gears
was being carried on in a practical way, and it is believed that the
methods here presented will be found to agree fairly well with general
practice. In writing up the descriptions of the practical forms of
valves and valve gears the author has received numerous courtesies
from manufacturers which are hereby acknowledged. It has been
the rule to have the manufacturer of the valve or gear or engine
described to pass finally on the accuracy of the description and of
the illustrations that appear in this work. Every illustration has
been newly prepared for this edition. In order to avoid the use of
subscripts in numbering the illustrations and paragraphs as the
work of preparation proceeded, and as changes and additions were
made, the author laid out the work originally by leaving ten numbers
free at the end of each section. It will be found that these numbers
have been all used at the end of some of the sections and that none
have been used at the end of other sections. The page numbers,
however, are in consecutive order throughout the book.

In concluding, I wish to record my appreciation of the assistance
and the suggestions that have been received from time to time from
Dr. D. 8. Jacobus, who was formerly Professor of Experimental
Engineering at Stevens Institute of Technology, and from my
colleagues, Professors F. L. Pryor, R. M. Anderson, and W. R.
Halliday, and Messrs. C. E. Hedden and S. H. Lott.

F. DER. FurmMmAN.

HOBOKEN, N. J., March, 1915.
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VALVES AND VALVE GEARS

VOLUME I.—STEAM ENGINES AND STEAM TURBINES
VOLUME II.—GASOLINE, GAS, AND OIL ENGINES

VOLUME I
GENERAL DEFINITIONS

1. The subject of valves and valve gears as treated in this book
embraces all the mechanism of steam, gasoline, gas, and oil engines
which is employed in automatically regulating the admission and
exhaust of vapors, gases, or liquids to and from the operating
cylinders.

2. An elementary valve is a specially formed piece of material
which has a reciprocating, rotary, or intermittent motion and which,
during this motion, either entirely or partially opens or closes a
passageway at desired intervals. A valve in its practical form may
be made of one piece or may be built up of two or more parts, but
its fundamental object is the same as the elementary valve; and, in
addition, it must also provide a practically tight steam or gas joint
when in motion or when at rest.

3. A valve gear is a mechanism composed of a number of me-
chanical parts which connect the main shaft of the prime mover to
the valve and which gives to the valve the desired motion.

4. The steam turbine is included among the steam engines. The
gasoline, gas, and oil engines may be referred to, either separately or
collectively, as internal combustion engines.

5. Before taking up a general classification of fundamental valve
forms and of valve mechanisms the simplest kind of a reciprocating
steam engine will be considered, leading up to a series of problems
which are designed to give a grasp of the subject that will facilitate
the further study of the fundamental groups and their practical

applications.
1



2 oL VALVES AND VALVE GEARS

SECTION L—ELEMENTARY RECIPROCATING STEAM
ENGINE

Names of Engine Parts

6. The elementary parts of a steam engine are diagrammatically
shown in Fig. 1 as follows:
A A’is the engine cylinder, B the piston, BC the piston rod,C D the -
connecting rod, D E the crank, E F the main- or crank-shaft, G H the
actual radius of the eccentric sheave,
which is a circular disk rigidly fastened to
the shaft in such a way that the two are
not concentric, H I the eccentric strap,
which surrounds and slides on the ec-
- centric sheave, J K the eccentric rod
whose center line always passes through
the center G of the eccentric sheave, K L
the valve stem, and L M the valve. The
live steam pipe is shown at O, the steam
chest at P P’, the ports at Q@ and @', the
bridge walls at R and R’, the exhaust port
at S S, and the exhaust pipe at 7.

7. The small circle at C represents
the pin in a crosshead, not shown, which
is constrained to move back and forth
between two straight parallel guides; the
crank pin is at D, and D D' is the crank-
pin circle; the center of the shaft isat F
and the center of the eccentric sheave at
G, the distance G F being known as the
eccentric radius, or the eccentricity, and
it is equal to one-half the travel of the
valve when the eccentric strap is direct-
connected to the valve stem. The
dash-line circle G G’ is the path of the
center-point G of the eccentric sheave

Flo. 1—Smowme Varve wrrny 20 its diameter is equal to twice the

NO STEAM LaP eccentricity.

Crank End, Head End, Forward Stroke, Return Stroke, Dead Center

8. Before explaining the operation of the engine some of the
terms and expressions will be pointed out:




ELEMENTARY RECIPROCATING STEAM ENGINE 3

The “head end” of a cylinder is the end farthest from the crank
shaft, and is shown at A. The “crank end” is the end nearest to
the crank shaft, as at A’. The “forward stroke’’ of an engine occurs
while the piston is moving toward the crank shaft; the “return
stroke” while moving away from it. The engine is said to be on
‘“dead center’” when the crank, connecting rod, and piston rod are
all in the one straight line, as shown in Fig. 1. There are two dead-
center positions in each cycle, one being shown in Fig. 1 and the
other occurring when the crank has turned 180° from the position
shown. No amount of steam pressure on the piston will turn the
engine when it is on either dead center.

“Running Over,” “Running Under”’

9. When referring to the direction of rotation of an engine it is.
customary to speak of it as “running over’” or ‘“running under,”
instead of running clockwise or counter-clockwise. The latter terms
are often confusing, especially in an engine which will be running
clockwise to a person standing on one side and counter-clockwise to a
person standing on the other side.

10. An engine is said to be “running over’’ when the crank rises
at the beginning of the forward stroke, or when the top of the fly-
wheel turns away from the cylinder. It is “running under” when
the crank falls at the beginning. of the forward stroke, or when the
top of the flywheel turns toward the cylinder. Stationary engines
are usually designed to run over, while locomotives must necessarily
run under, the cylinders being forward. With engines running over,
the pressure between the crosshead and crosshead guide, due to the
angularity of the connecting rod, comes on the lower side of
the crosshead only and on the body of the engine frame directly;
whereas in engines running under, the side pressure due to transmis-
sion must come on a specially designed guide part of the engine
frame with the pressure upward away from the main body of
the frame.

Operation of Steam Engine

11. In the working of a steam engine the parts operate as . follows:
Steam enters the steam chest P P’ through the pipe O, Fig. 1. The
valve M L is moved (downward, for example), and the steam passes
through the steam port @ to the cylinder A, thus driving the piston B
to the opposite end of the cylinder, and the crank D E and the
eccentric center G, each through 180° to the positions shown by the
dotted lines E D’ and F G”. During this period of motion in the

L
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direction of the arrow, the valve has been at the extreme downward
position; it is again central, and is moving upward, and just admit-
ting steam through the steam port @’ to the under side of the piston,
which is now at the bottom of the cylinder A’. At the same instant
the steam port Q is opened to the exhaust port S §’, and the exhaust
steam on the upper side of the piston escapes through the exhaust
pipe T. '

12. Observe carefully that in order to run the engine with this
valve the effective eccentric arm G F must be set at 90° with the
crank D E. The student can not hope to master this subject without
understanding this point thoroqghly, and always keeping it in mind.

Elementary Steam Valve

13. The valve M L, Fig. 1, is of the most elementary form (.e.,
the width of valve at seat just equals the width of port), and a study
of the figure will show that it admits steam during the entire stroke.
Such a valve would be extremely wasteful, for it makes no use of
the expansive power of steam. In nearly all engines this elementary
valve is modified so as to cut off the admission of steam after the
piston has been forced through only a part of the stroke. The piston
is then driven through the remainder of the stroke by the expansive
power of the steam.

Steam Lap and Lap Angle

14. The modification of the elementary valve necessary to give
cut-off at a fraction of the stroke consists of an addition known as
the “steam lap.” In Fig. 2 let the dotted line U U’ limit the edge
of the elementary valve and V V’ the edge of the actual valve; then
U V is the steam lap. As in Fig. 1 the engine is on dead center,
and the slightest movement of the valve downward will admit
steam and drive the piston, assuming, of course, that the engine has
sufficient momentum to pass dead center; but the valve itself, in Fig.
2, is not central (with respect to the steam ports) for the dead center
position of the engine. When the lap U V was added, the eccentric
sheave was unkeyed and the effective eccentric arm moved from
F G to FW (while the crank D E remained stationary), so as to
make the distance @ W (= @’ W’) equal to the lap V U. The angle
G F W is called the “lap angle.” h

Lead, Lead Angle, Angle of Advance

15. In Fig. 2 the valve is set so as to admit exactly at the end
of the stroke. In practice, steam is usually admitted to the cylinder
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just before the end of the stroke. If now the eccentric is turned
still further (from F W to F X) while the engine remains on dead
center, the edge V of the valve will be drawn a small distance (equal
to W’ X’) across the port Q. This distance is called ““icad,” and in
small engines is about & inch. The angle through which the eccen-
tric is thus turned (angle W F X) is - ’
the “lead” angle. The lap angle
plus the lead angle equals the “angle
of advance” (G F X). The total
angle by which the eccentric precedes
the crank in simple cases equals 90°
plus the angle of advance. This en-
tire angle is termed by some as the
“angle of advance,” to the confusion
of the subject, unfortunately. The
majority, however, define angle of
advance as given above, and as so
defined is more convenient in the
use of valve diagrams and the study
of the subject generally.

16. When the eccentric center is at
W, Fig. 2, and turning in the direction
of the arrow, the edge V of the valve
is moving downward, and admission of
steam to the cylinder begins, assum-
ing zero lead. When the eccentric
center is at W” (< GG W" =
< GF W) the edge of “thi# valve is
again over the edge of the port Q,
but is now moving upward, and ad-
mission ceases. Admission, therefore,
has taken place while the eccentric
and main shaft have turned through
the angle, - . Fi. 2.—SHOWING VALVE WITH

WFW"” =180°-2GFW . . (1) - Sream Lar

17. The half valve travel FZ = steam lap FY (=G W’) +
steam-port opening Y Z. Considering for the moment a zero lead,
it will be seen that the greater the lap (V U = F Y), the greater
will be the angle of advance (G F W), and the smaller will be the
angle W F W and the steam-port opening (Y Z). There is then
a relation between the steam-port opening and the lap which is
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useful in the solution of later problems. For example: What would
be the amount of lap necessary to give 14 cut-off, assuming zero
lead and the connecting rod to be in-
finite in length?

First, the crank and eccentric will
each have turned through 90° when
cut-off takes place, and the angle
W F W’ will be 90°, leaving the angle
G F W = 45° according to formula
(1) on page 5. Therefore, G’ W’ =
FY =sine 45° =0.707 and Y Z =
0.293; or, the ratio of lap to port
opening for 14 cut-off under these

0.707

conditions is 0.293"

Ezxhaust Lap

18. In these notes the steam or
outside lap has already been referred
to, and shown in Fig. 2. Most valves
have also “exhaust’ or “inside lap,”
which is formed by adding metal to
the inside of the valve so as to cover
a small part of the bridge when the
valve is central. See Fig. 3, in which
the exhaust lap is E D. The use of
the exhaust lap will appear later. A
plan or top view of a plain D-
valve is also shown in Fig. 3, the

F1o. 2 (Duplt cam._slmw;m valve itself being shown in solid lines
VALVE WITH STEAM LAP (M3 A,), and the steam ports (D; B,
and L; K;), and the exhaust port
(I; F,) in dash lines. The dimension, D B, Fig. 3, is spoken of
as the width of the steam port, and B; B as the length, the area
of the port being the product of these two dimensions. Similarly,
F I is width of the exhaust port while F; F, is its length. The ver-
tical sides at R and S are usually faced sides over which a rec-
tangular yoke fits, as shown in Figs. 29 and 30, and this yoke
connects with the valve stem. °
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Finite and “Infinite” Connecting Rods—Effect of Angularity
in the Finite Rod

19. In all practical valve work on reciprocating steam engines
the effect of the changing angles of the finite connecting rod during
each revolution of the crank must be taken into account. Starting
from dead-center position, head end, it is quite evident that when

\“\\\\‘\

~ NN
\
> |

A\
Q

m':: \ ' Exhavst port S 2

F1a. 3.—ToP VIEW AND CROSS-SECTION OF PLAIN D-VALVE

W

=

the piston is half-way through its stroke the crank can not be ex-
actly 90° advanced; on the forward stroke it will be less than 90°,
see angle A, Fig. 4, and on the return stroke more than 90° see
‘angle R. It will be exactly 90° with the “infinite”’ connecting rod,
for which there is a mechanical equivalent (see Fig. 5), which, how-
_ever, is seldom used. The slotted head H K in Fig. 5 is generally
known as a Scotch yoke. The motion of the point F in the *infinite”
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connecting rod, Fig. 5, is harmonic, or exactly equivalent to that of
the point C which is the projection of B; whereas in Fig. 6 the point
F moves faster than C
while B is moving from

< FormardStroke D to L, approximately,
% s'}::eﬂ and slower while B is

B <‘; %« moving from L to M.
et l 20. The length of the
~ TRewmswore ~'  connecting rod varies in
practice from four to
eight times the length of

F1G. 4.—SHOWING EFFECT OF ANGULARITY OF

CoNNECTING ROD the crank for steam-en-
gine work. In this course

it will always be taken as five times, unless otherwise specified.

The effect of the angularity of the eccentric rod is generally so
very small that it is inappreciable, and is therefore neglected. This
becomes evident when it is considered that the length of the eccentric -
rod is twenty to thirty times the eccentric radius.

21. In the work of valve design it is necessary to adopt some

Fla. 5
ASHB

F
'—ﬂ’"”—‘—""' U - S— —E

T
]
|
]
! 1
, !
|

< Stroke I

F16. 5.—INFINITE CONNECTING ROD
F16. 6.—FINITE CONNECTING ROD

graphical method which will show at a glance the steam distribu-
tion at any instant, and also the several positions of the crank at
the points of admission, cut-off, release, and compression.

In Fig. 2 the valve is shown in position for admission, considering
that it is moving downward. After traveling to its lowest point and
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returning to the position illustrated, cut-off of the steam takes place
and exrpansion occurs. As the valve continues to move upward,
H reaches K, when release takes place, the steam exhausting into
the exhaust port 7. The valve then continues to its highest posi-
tion, and when H reaches K on the return the steam in the cylinder
is trapped for a very short time, during which the piston continues
to move upward, and compression takes place.

ZEUNER DiAGRAM

22. Several methods have been devised to show graphically the
relative positions of the valve and crank and the steam distribu-
tion. These methods take the form of diagrams of which the most
used are the Zeuner and the Bilgram. The others are the Reuleaux
diagram, the valve ellipse, and the sinusoidal diagram. Each of
the above diagrams has some distinguishing characteristic that gives
it some special advantage over the others in certain combinations
of data, or in certain analyses, and one may investigate the entire
subject by holding to any one of them. The one selected for general
use in this book is the Zeuner diagram, although solutions of actual
problems are given by both the Bilgram and Reuleaux diagrams.
The Zeuner diagram will now be taken up for immediate application
and the remaining diagrams will be considered in another section.
Knowing, then, the dimensions of the valve and the valve seat, the
actual opening of the port for any crank position, either for enter-
ing or exhaust steam, is seen at a glance.

23. Briefly, the Zeuner diagram shows how far the valve is from
its central position for any crank phase, and it shows it on the crank
line itself. .

24. In Fig. 7, let A B represent any position of the crank. Then
if an angle of advance of 30° be assigned, the eccentric will be 120° in
advance of the crank, or in the position 4 C. '

When it is in the position AC, Fig. 7, the valve must be off
center a distance CL = A D.” But A D = A E since the diameter
of the circle A E F equals the radius of the eccentric circle, and the
right-angle- triangles A E F and A D C are equal.

The radial distance A E then represents the amount the valve is
off center, and if there were no lap, as in Fig. 1, it would be the
amount of port opening with the crank at A B. (Fig. 7, it will be
understood, is on a much larger scale than Fig. 1.)

Remembering that the eccentric is 120° in advance of the crank,
A C together with the circle A E F, may be turned back this amount,
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when A C will coincide with A B, and E will fall at G and the circle
AEF at AGH. The angle F A H, then, is 120°, and taking from
it the right angle F A K there is left K A H = 30° which is the
angle of advance. A G, on the crank-line position, now measures
the amount the valve is off center for that crank position. The
circle A G H when laid off with the proper angle of advance, may
be called specifically the ““Zeuner circle,” for, no matter where the
crank position is drawn, the part lying within this circle always
measures the amount the valve is off center.

25. That A G is equal to C L, Fig. 7, and therefore shows the

o s 2 i
L
e '
3 L

————

~ -
.......

F1G. 7.—SHOWING DEVELOPMENT OF ZEUNER DIAGRAM

amount the valve is off center may also be shown briefly as follows:

< NA K = < M A B, lines respectively perpendicular.

< CAN = < K A H, by construction.

S.90°—(KNAK+ <CAN)=90°—~(<MAB+<KAH)
and < CAF=<HAB.

A H = A C by construction.

C D and H G are drawn from the points C and H respectively,
perpendicular to the opposite sides of the angles C A F and H A B.

.. the triangles D A C and G A H are equal and the sides D 4
-and A G areequal. ButDA =CL.
SLAG=CL. QED.
26. In using the Zeuner diagram it must be kept constantly in
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mind that the angle of advance is laid off in the opposite direction
from that in which the engine is turning when the eccentric is directly
connected to the valve stem.

Application of the Zeuner Diagram

27. Fig. 8 is a practical application of the Zeuner diagram show-
ing the events for the head-end steam port. The “throw” of the
eccentric A H, the angle of advance K A H, and the steam and
exhaust laps A F and A L, are assumed. When the crank is at A N
the valve is off center the distance A D. But A D,equal to A F, isthe
assumed steam lap, or the distance the valve has to travel from its
central position before it be-
gins to open the steam port.
Therefore, the Zeuner dia-
gram shows that steam be-
gins to enter the cylinder
when the crank is at A N.
At the end of the stroke, or
on the dead-center position,
when the crank is at A C,
the valve is off center the
distance A B, and the steam
port is open the amount of
the lead =E B. With the
crank at A H the valve is
at its extreme left-hand po-
sition, and the steam port is
open the maximum amount
equal to F H. When the crank arrives at A V P the steam-port
opening is zero, and cut-off takes place. Steam has been admitted
then while the crank has been turning from A N to 4 P.

When the crank reaches A T (tangent to the Zeuner circles) the
valve is central, and if there were no exhaust lap, exhaust would
begin. But in Fig. 8 an exhaust lap equal to A L has been assumed;
the valve must therefore move the distance A L or A J, and the
crank reach the position A J @ before exhaust begins. The exhanst
opening continues to increase until it reaches its maximum, L R,
at A R, and then decreases until it closes altogether at A S. The
unexhausted steam at that instant is then trapped in the cylinder,
and as the piston nears the end of the return stroke, the steam must
be compressed until the crank reaches A N, when admission again
takes place, and the cycle is completed.

F16. 8.—APPLICATION OF THE ZEUNER DIAGRAM
TO THE EVENTS OF THE HEAD-END STEAM PORT
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The Zeuner diagram showing the events for the crank-end port
may have the steam-lap arc D F V continued to intersect the circle
A J R M, and the exhaust-lap arc J L M continued to intersect the
circle A D H V; and crank-end admission would begin just before
the crank reached A O.

Principal Phases of a Steam-Engine Cycle

28. The four principal phases of the stroke are called ‘‘ Admission,”
(A N), “Cut-off” (4 P), “Release” (A @), and “Exhaust Closure”
(A4 8).
Observe, and commit to memory the fact that {stearg or}
outside
controls admission and cut-off, and that exhaust lap controls release

and exhaust closure.

Positive and Negative Exhaust Laps

29. The exhaust lap shown by A J in Fig. 8 is termed positive
exhaust lap because it represents metal added to the elementary
valve, and because the valve has to travel an additional amount
beyond its central position to open the port to exhaust steam. But
it frequently happens, in order to obtain a more desirable steam dis-
tribution to fit special conditions, that the exhaust lap is decreased,
in which case it may be zero when the arc J M would reduce to the
point A, the valve would open to exhaust just as it reached its central
position, and A R would be the maximum exhaust-port opening; or,
the exhaust lap may be negative, in which case it represents metal
cut away from the inside edge of the elementary valve, and the
valve opens the port to exhaust before it reaches its central position,
as shown in Fig. 9.

30. The negative exhaust lap in Fig. 9 is A L; exhaust. begins
when the crank is at A @, and the valve is on center when the crank
isat A T. The maximum port opening to exhaust would be R 4 +
A L, providing the steam port were that wide. - When the distance
R L becomes greater than the steam-port width the engine is said
to have “full exhaust opening.” The intercept on the dead-center
crank position 4 O between the exhaust lap and “Zeuner circles,
W @G in Fig. 9, is sometimes called the ‘“‘exhaust lead.” A valve
having negative exhaust lap equal to A L, Fig. 9, is illustrated in
Fig. 10, to 14 size, both figures having corresponding letters where
possible. The negative exhaust lap is shown at A L.
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Ezercise Drills in the Use of the Zeuner Diagram

31. A valve diagram is of such great importance in analyzing
steam distribution for a valve that it should be thoroughly under-
stood at the start. In order to acquire such understanding, the
student should carefully study the exercise problems, paragraphs 32,
33, and 34, which are about to be explained, and also construct for

F1G. 9.—SHOWING ZEUNER DIAGRAM FOR VALVE IN Fia. 10
F1G. 10.—SHOWING VALVE FOR ZEUNER DIAGRAM IN F1G. 9. DRAWN TO DOUBLE ScCALE

himself the original problems in paragraphs 35, 36, and 37. Before
doing so, however, attention is called to the fact that whenever
the position of the crank is given directly in any set of valve data, it
is customary to lay off the angle of advance to the right of the verti-
cal line of the diagram, as at K A H, Fig. 8, and as a result, to draw
the diametral line for the Zeuner circles, so that it inclines from an
upper right to a lower left position, as at H R, in Fig. 8. With the
Zeuner diagram so drawn, correct results will always be obtained in
showing the amount the valve is off center, the port opening, etc.,
for any assigned crank position, independently of the direction of
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turning of the crank of the engine itself and independently of the
relative positions of the shaft and engine cylinder. But when the
data give piston positions instead of crank positions, the cylinder
or crosshead, the connecting rod and the crank must be shown in
the drawing in connection with the Zeuner diagram, and it is then
more consistent and better to lay off the angle of advance and the
diametral line of the Zeuner circles in their proper relative positions.

For example, let it be required to find the distance that the
valve is off center when the piston is, say, .08 from the head end of
the cylinder, or, what is the same thing, when the crosshead is at T,
Fig. 11, and the engine running “over.” Then, assuming connecting-

F16. 14

H

F1G8. 11 TO 14.—SHOWING ZEUNER CIRCLES IN EACH OF THE FOUR QUADRANTS

rod and crank lengths, the crank pin is found to be at G, and moving
in the direction shown by the arrow. In drawing the Zeuner diagram,
then, the angle will be laid off against the direction of motion as at
K A H, and the valve will be found to be off center by the distance
A X, and the port will be open the amount W X for the assigned
piston position at .08 from the head end of the cylinder. Similarly,
with all other conditions the same, excepting that the engine is
running “under,” the angle of advance must be laid off, as at K A H,
Fig. 12, to be consistent and the diametral line H R, of the Zeuner
circles, will incline from a lower right to an upper left position. Again,
in Figs. 13 and 14, the relative positions of the engine cylinder are
different, and the directions of turning differ in the two cases, yet
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the distance A X that the valve is off center and the amount W X
that the port is open for the assigned piston position is the same in
all four figures. This shows the point first brought out in this
connection, namely, that if the crank position, instead of the piston
position, is known, the Zeuner diagram may be drawn with its angle
of advance laid off in any one of the four principal quadrants, and
the correct results will be obtained. In this work, the angle of
advance will always be laid off in the upper right-hand quadrant,
as in Fig. 11, when crank positions only are required or are given in
the data.

32. Given: Eccentricity, crank position at cut-off, angle of ad-
vance, and compression,

Find: Steam lap, exhaust lap, crank positions at admission and
release, lead, exhaust lead, and greatest steam and exhaust port
openings. :

The solution of this problem is shown in Fig. 15, the data being
in dash-line construction, and the rest of the work in solid-line con-

F1G. 15.—EXERCISE PROBLEM F1G. 16.—EXERCISE PROBLEM

struction. The order of drawing all the lines is shown by the numerals
on each. The steam lap is O S; exhaust lap, O T'; crank position at
admission, O R; and at release, O Q; lead, H K; exhaust lead, M N;
greatest steam opening, S C; greatest exhaust port opening, T D.

33. Given: Steam lap, lead, crank position at cut-off, and
exhaust lead. o

Find: Valve travel, angle of advance, exhaust lap, and crank po-
sitions at admission, release, and compression.

The data are given in Fig. 16 in dash lines and by the distances
B C and G H. The results are: E D = valve travel; M O D = angle
of advance; O K = exhaust lap; O R, O @, and O P = crank positions
at admission, release, and compression, respectively.
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34. Given: Cut-off, lead, and steam-port opening.

Find: Lap, valve travel, and angle of advance.

In Fig. 17, draw given crank cut-off position O T, and on O T
extended lay off 0 A = lead to enlarged scale. Make A B = given
steam opening to same enlarged scale. Then draw B U parallel to
line of stroke, and make BC = BA. Draw O C and on it lay off
OD = 0 A, and draw horizontal line D F. With radius O E (where
U B crosses vertical cen-
ter line) draw circular arc
EV, and lay off arc FH
=arc E G. Draw line
H W, which will contain
the diameter of the Zeuner
circle and Y O W will be
the angle of advance.
Take any point as J as
center for a trial Zeuner
circle. This gives a port
opening of Z K, and lead
of L M, which are too
small each in the same

F16. 17.—EXERCISE PROBLEM proportion. Since Z K

is the trial port opening

and A B the desired opening, draw K Q in any direction, lay off

KN =AB, draw Z N, and O I parallel to ZN. Then IN =

radius of desired lap circle, and K I = W O = diameter of the

Zeuner circle, or 14 valve travel. P X =lead = O A. The proof
for this construction is given in Spangler’s ¢ Valve Gears,” p. 22.

The data for this problem are those usually assigned in practical
work, The involved graphical solution here given is not easily re-
membered, and, therefore, not generally used, the simple method
given in connection with drafting-table problem No. 1, p. 23, being
the one usually employed since it may be developed from elementary
knowledge, without reference to any books.or notes. An analytical
solution by Mr. G. A. Pfeiffer, M.E. (Stevens '10), using the formula,

2b—a+ V2b(b—a) (1 + d)
1—d '

where a = lead, b = steam-port opening, both in inches, and d =

cosine of angle measured between. the initial dead-center and cut-off

crank positions, may also be used. It is of special advantage in

cases where the lead is large relatively to port opening.

W

Steam lap = —-b
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Original Exercise Problems

35. Given: Valve travel, steam lap, zero lead, and negative
exhaust lap.

Find: Angle of advance, crank positions at admission, cut-off,
release and compression, also maximum steam- and exhaust-port
openings. .

36. Given: Crank positions for admission and cut-off on head
end, and for admission on crank end; also, valve travel, and positive
exhaust lap on head end, and negative exhaust lap on crank end..

Find: Steam lap for both ends, crank positions at release, and
compression for both ends, cut-off crank end, lead for both ends.

37. Given: Angle of advance, valve travel, negative lead, and
crank position at compression.

Find: Steam and exhaust laps, and crank positions at admis-
sion, cut-off, and release.

STeEAM Pipes, STEAM PORTS, AND STEAM-PORT OPENING

Formula for Calculating Sizes of Ports and Pipes

38. The areas of the steam pipes, ports, and port openings de-
pend on the size of the cylinder and the speed of the piston.
Let L be the length of the piston stroke, in feet,

D the diameter of the cylinder bore, in inches,

N the number of revolutions per minute,

V the velocity of the steam, in feet per minute,

A the area of the steam port, steam pipe, or steam-port opening,
in square inches,

a the area of the cross-section of the cylinder, in square inches.

The volume swept through by the piston per minute will be N X 2 L
X 12 X —D cubic inches.

The veloclty V of the steam through the port opening, multiplied
by the area A, must be equal to the above expression, assuming that
the piston is moving with its average velocity. From this it follows
that

2
12V4= MNLQ

D2
By substituting a for 1rT, and by canceling, the equation re-
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duces to the following form in which it is generally used in practice,

2LaN
A=V......(2)

After the desired area A is computed, a length must be assumed
in the case of rectangular steam ports and steam-port openings, in
order to determine the breadth. In plain slide-valve engines the
length of the port varies in practice from 54 to 7§ of the diameter
of the cylinder.

39. The above formula is also used for determining the area of
live-steam and exhaust-steam pipes, as well as for steam-port areas,
by simply giving to V a suitable value in each case. Good average
practice in a large number of engines allows a velocity of 6,000 to
8,000 feet per minute for the supply steam pipe, and for the steam-
port opening. A velocity of 4,000 to 6,000 feet per minute is al-
lowed for the exhaust through the steam port.

Distincrion Between Steam-Port Width and Steam-Port Opening

40. The distinction between steam-port width and steam-port
opening should be carefully noted. It is as follows:

Since only one port leads to one end of the cylinder in the simple
engine, it is evident that the supply of live steam must go in and
the exhaust steam come out of the same port. The allowance usu-
ally made for the velocity of the exhaust steam regulates the area of
the steam port which must be entirely uncovered by a sufficient travel
of the valve when opening to the exhaust port. When the valve
opens the steam port for the admission of live steam, it is evident that
the entire area of the steam port need not be uncovered, on account
of the live steam flowing at a faster rate than the exhaust. The
amount that is uncovered to live steam is called the ‘steam-port
opening.” This opening is usually less than the width of the port,
but in some engines other considerations control the design, and the
edge of the steam lap of the valve may not only cross the entire
width of the port, but also traverse a small part of the bridge.

Overtravel

4]. The amount that the cut-off edge of the valve travels beyond
the live-steam edge of the bridge is termed by some as ““overtravel”’;
whereas it appears more logical to term that travel of the valve
beyond the point necessary to give the full calculated steam-port
opening as the overtravel, and this word will be used in the latter
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sense throughout this book. As an illustration, refer to the Zeuner
diagram, Fig. 18. There it will be assumed that it has been expedient
to make the half valve travel equal to A R, notwithstanding that the
steam-port opening has been calculated to be only T L; L R, then,
becomes the overtravel. This over-
travel would be represented on the
valve seat itself by the amount A
travels beyond C in Fig. 3, p. 7.
In an engine already built the point
C, of course, would not be in evi-
dence, but in order to take intelli-
gent action with respect to the
valve or valve gear, it would be
necessary to make computations
as to port opening, etc., thus locat-
ing C, after which the overtravel
could be readily determined. If  Fie. 18.—SmowmNG OVERTRAVEL
the overtravel should be great

enough to come too close to the exhaust side of the bridge, altera-
tions must be made either in the valve travel or the bridge
thickness; this case will be taken up in connection with drafting-
table problem No. 1, p. 23. '

Actual and Average Velocity of Flow of Steam Through Ports

42. In building up formula (2), it will be observed that the
quantity of steam per minute was based on an assumption that
steam entered the cylinder during the entire stroke. Inasmuch as
engines cut off anywhere from 14 to 34 stroke, as a rule, this may
seem a needlessly large assumption, but it must be remembered that
it is the rate at which steam is required at a given instant that counts,
and not the period during which it is required. Owing to the varying
velocity of the piston, the rate of flow of 6,000 feet per minute here
provided is only an average rate, and means nothing so far as actual
rate of flow through the ports.at any given instant is concerned. It
is purely an empirical value based on practical experience.

43. To find the actual velocity of the steam through the ports
for any given engine, it would be necessary to find the piston velocity
and the port opening at successive intervals from which the actual
rate of flow through the port at these phases could be determined,
the area of the piston being known. If these values were plotted
as ordinates, a curve would be obtained in which the maximum
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ordinate would give the maximum rate of flow of steam through
the ports.

44, In the ordinary engine an approximation to the maximum
steam velocity through the ports may be obtained by considering
that the full steam-port-opening area is uncovered at the instant that
the piston has its maximum velocity. The maximum piston velocity
is equal, approximately, to the crank-pin velocity. Therefore, the
approximate maximum steam velocity through the port opening
equals

27 RN X ¥Y{ = D?

- A

Vi

The average velocity equals

2LN X Y rD?
A
Therefore the ratio of approximate maximum velocity to the

average velocity ordinarily used in computations for engine design
equals

V =

Vi 2nrRN X Y{=D? A _ TR
V- A 2LNX Y =D L

But since L = 2 R,

Vi_m
Vo2 .

The average steam velocity V, in the formula on p. 18, as
allowed by builders of different types and sizes of engines, varies
widely, and instead of the values of 6,000 to 8,000 feet per minute
already given, 10,000 and even more is sometimes used.

.

NoTe-Book PROBLEMS

The problems here given should be carefully worked out in a
large note book or on large pad paper. They are preliminary to the
drafting-table problems which follow.

45. Prob. 1.—Construct on large scale a valve and valve seat
with assumed values for the live-steam and exhaust-steam laps, the
bridge, the exhaust port, the steam ports, the maximum steam-
port opening, and the half valve travel, all plainly marked.

46. Prob. 2.—Make orthographic drawing on enlarged scale of
the lower part of Fig. 2 of this book, assuining the angles G F W and
W F X, the eccentric center st X, and engine on dead center. In
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determining the angle made by the center line of eccentric rod with
the center line of the engine, the eccentric-rod length may be taken
equal to 20 X eccentric radius. Show only a small part of the
eccentric-rod length so that an enlarged scale may be used for the
drawing. Mark plainly by use of reference letters:

(1) Lap angle. (3) Angle of advance. (5) Lead.

(2) Lead angle. (4) Steam lap. (6) Port opening.

(7) Half valve travel.

(8) Angle through which crank turns while the piston is moving
from end of stroke to point of cut-off.

(9) Angle through which the crank turns while steam is being
admitted.

47. Prob. 3.—Construct, to full-size scale, an eccentric sheave,
eccentric strap, and part of eccentric rod that will give a 2-inch valve
travel when mounted on a 214-inch shaft. Show correct inclination
of eccentric rod.

48. Prob. 4.—To show the variable motion of the piston during
forward and return strokes caused by the angularity of the connecting
rod when the center line of the stroke passes through the axis of the
shaft.

Draw to scale a crank, a connecting rod, and the crosshead
travel, making the connecting rod equal to 4 crank lengths. Assume
the crank length.

From the drawing, fill in the blank spaces in the following items:

(1) When the piston is at 14 the forward stroke the crank has
turned through ...... degrees approximately.

(2) When the piston is at 14 the return stroke the crank has turned
through ...... degrees approximately.

(3) When the crank has turned through 90° on the forward stroke
the pistonisat ...... per cent of its stroke approximately.

(4) When the crank has turned through 90° on the return stroke
the pistonisat ...... per cent of its stroke approximately.

(5) The maximum angle of the connecting rod is ...... degrees
approximately.

49. Prob. 5—To show the variable motion of the piston during
forward and return strokes caused by the angularity of the connect-
ing rod when the center line of stroke is tangent to the crank-pin
circle.

Make drawings to scale, using same dimensions for crank and
connecting rod as in Prob. 4, and fill in the blank spaces in the
following items: :
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(1) The piston travel = ...... X crank length.

(2) The crank travel = ...... degrees approximately on the
Sforward stroke.

(3) The crank travel = ...... degrees approximately on the re-
turn stroke.

(4) The piston pressure is transmitted without angularity of the
connecting rod and with maximum crank leverage when the piston

isat ...... per cent of its forward stroke. This, together with the
fact that the angularity of the rod varies from a minimum to a max-
imum of ...... to...... degrees during the return stroke makes it

useful only for single-acting engines.

50. Prob. 6.—Determine the ratio of lap to port opening for 0.7
cut-off and zero lead;

(1) For connecting rod = 5 crank lengths,

(2) For infinite connecting rod.

In drawing make separate crank and eccentric circles for
each case.

51. Prob. 7.—Determine the ratio of lap to port opening for 0.4
cut-off and zero lead, for a connecting rod equal to 4 crank lengths.

52. Prob. 8.—Find the maximum rate of flow of live steam
through the port opening of an engine having 10 inches bore, 18
inches stroke, and 250 r.p.m., in which the port opening has been
designed for an average rate of flow of live steam of 6,000 feet per
minute.

53. Prob. 9.—Given: valve travel = 3 inches, angle of advance
= zero, steam lap = 14 inch, exhaust lap = 14 inch, steam-port
width = 114 inches, bridge 34 inch, and exhaust port = 214 inches.
Find the crank positions for admission, cut-off, release, and com-
pression. Construct the valve seat, and the valve in its proper
position for the beginning of the stroke. Indicate the maximum
steam-port opening, exhaust-port opening and lead, both on Zeuner
diagram and valve seat. Then assume any crank position and dot.
the corresponding position of valve on the valve seat and mark the
port opening for that position on both the Zeuner diagram and
valve seat.

54. Prob. 10.—Let the data and requirements be the same as
the previous problem, only changing the angle of advance to 30°.
Take the assumed crank position in the same place as in Prob. 9.

55. Prob. 11.—Show effect of changing conditions as indicated
in the first column of the following table, on the time when the
principal events of the stroke occur, based on a study of Probs. 9
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and 10. Fill out the following table by using in each case one of
the following words, Earlier, Later, or Same:

Admission Cut-off Release Exhaust closure

Increase in Angle of
Advance

Increase in Valve
Travel

Increase in Steam
Lap

Increase in Exhaust
Lap

DRAFTING-TABLE ProBLEM No. 1.—PraiN D-VALvE

56. Design a slide valve for an engine having 9 inches bore and
16 inches stroke, running at 150 revolutions per minute. Cut-off at
75 per cent stroke head end; release at 95 per cent stroke head end;
lead, %s inch head end; average velocity of live steam through ports,
100 feet per second; average velocity of exhaust steam through ports,
6624 feet per second; length of connecting rod, 4 times the crank.
Make steam lap on crank end equal to that on head end; equalize
the compression.

Construction of Zeuner Diagram

57. Calculate the area of the maximum lLive-steam port opening for
the given live-steam velocity. Make the length of the port 0.8 of the
bore, and determine the width of the port opening.

58. By means of the Zeuner diagram the necessary steam lap, ex-
haust lap, the valve travel, and the angle of advance may be found
as follows:

On the horizontal line Y Z, Fig. 19, set off A O equal to the
crank length, O N equal the length of the connecting rod, and N M
equal to the stroke, to the largest scale that the drawing paper will
accommodate. In doing this, consider M N the crosshead travel
instead of the piston travel. O PY is then the crank-pin circle,
and A the center of the crank shaft. ’
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Find the position A P of the crank for the assigned cut-off. A
trial steam lap for the head end of the valve which will give this
cut-off approximately should then be found by means of the relation
existing between port opening and steam lap as explained in par-
agraphs 16 and 17.

Inasmuch as a definite amount of lead is assigned in this problem
the ratio of lap to port opening, just referred to, will not be exact in
this case. It will, however, be approximately correct, and will serve
as a guide in obtaining the exact lap as follows: At the intersection
of the trial lap circle A F, Fig. 19, with the cut-off crank line A P,

Crank End
Hcad End

MR Q ¥z

F16. 19.—8SHOWING VALVE DIAGRAM LAYOUT FOR ASSIGNED DATA

draw a perpendicular F G. From B, where the trial lap circle inter-
sects the engine center line, lay off distance B C equal to the lead
on the scale adopted for the trial lap circle. At C erect a vertical line
until it meets F G. Then if the radial distance S G equals the calcu-
lated width of the port opening according to the adopted scale, the .
assumed lap is the correct one. It is not to be supposed that one
will assume the correct lap circle the first time, in which case pro-
ceed as follows: '

On the line G C lay off G H equal to the calculated width of the
port opening, and draw S H. From A, draw A J parallel to S H
until it meets G C produced at J. Then H J will be approximately
the length of the required lap, and may be used for the radius of
the new lap circle K T D. Find point L in the same manner that
G was found. Then T L should equal the calculated width of the
steam-port opening within J4, inch. If it does not, a third propor-
tion based on the second must be made.

Then A T is the required lap for the given cut-off, T L the max-
imum width of the steam-port opening, A L the half travel of the
valve, and V A L the angle of advance. To find the exhaust lap that
will give release at the assigned time, locate the crank position A U
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for the crosshead at R (N R = the given percentage of stroke).
A U intersects the Zeuner circle A X at W, and A W is, therefore,
the required exhaust lap. The point W is determined exactly by
drawing from X a perpendicular to A U. If the crank position 4 U
had intersected the Zeuner circle A L, the exhaust lap would have
been negative; that is, with the valve in its central position the
steam port would be partly open and in communication with the
exhaust port. '

Layout of Valve and Valve Seat

59. Having all necessary data, the head end of the valve and the
ports may now be laid down full size as follows: Draw the valve-
seat line Y Z, Fig. 20. When
completed the valve is to be U
shown in its central position.

The drawing of the sec-
tional view of the valve and
ports (Fig. 20) is to be made
full size. (This makes three
separate scales to be used in )
this problem, namely, the /
crank scale, the Zeuner scale, / // //
and the valve scale.) There- g 20 smowmng VaLvE Lavour rom
fore from any convenient " ASSIGNED DATA
point, A on Y Z, Fig. 20,
lay of AT =AT of Fig. 19 equal to the steam lap. Cal-
culate the necessary width of the steam port for the steam to ex-
haust at the assigned exhaust-steam velocity and lay it off at T P.
Make P W equal to the exhaust lap as found at A W in Fig. 19.
T L is the maximum steam-port opening, and equals T' L, Fig. 19. A L,
Fig. 20, then equals the eccentricity, or one-half the travel of the
valve.

/
©

Formula for Minimum Width of Bridge

60. The width of the bridge P R should in all cases be at least
equal to the thickness of the cylinder wall, in order to secure a
reliable casting. For an engine of this size, this thickness may be
54 inch, and should be so taken unless the following standard rule
gives a larger value:

Minimum Width Width
width of } = { of port + Overtravel + 14" — { of steam
bridge opening port.
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This formula will affect, the width of bridge only when the edge A
of the valve comes within 14 inch of the edge R of the bridge, and
applies principally in repair work. The amount that A travels
beyond L is the overtravel.

Formula for Width of Exhaust Port

61. RV is the width of the exhaust port, and must be so taken
that when the exhaust lap of the valve is in its extreme left-hand
position there will still be a width left at least equal to the width of
the steam port. R V may thus be determined graphically, or cal-
culated by the formula given below.

In using this formula it must be kept in mind that the exhaust
lap may be different on the two ends of the valve, according to the
conditions of the problem, and that therefore the size of both exhaust
laps must be known, and the greater value used in the formula.
Inasmuch as the exhaust lap on the crank end is not yet known,
the student will continue the computations for this problem and
come back to this formula when the size of the crank-end exhaust lap
is obtained.

Width of Maximum Half . Width Width
exhaust ; = { inside or + 4 travel + ¢ of steam ; — ¢ of
port exhaust lap of valve port, \ bridge.

Equalizing Cut-Offs by Unequal Steam Laps

62. If cut-off occurs at the same percentage of the forward and
return strokes it is said to be equalized. On the Zeuner diagram,
already used, locate the crank position for equalized cut-off on the
crank end, and dot in the corresponding lap circle. The diagram
will now show that equalized cut-off obtained in this way gives
excessive lead on the crank end, and is, as a rule, impracticable.
It will not be used in this problem, but the “excessive lead”’ thus
obtained should be marked as such on the diagram for future refer-
ence. Another method of equalizing cut-off without obtaining ex-
cessive lead will be described on a later page. '

The steam lap on the crank end of the valve is to be made, in
this problem, equal to that on the head end, and the crank and piston
positions at admission and cut-off determined.

Equalizing Compression by Unequal Exhaust Laps

63. The exhaust lap already determined for the head end fixes
the exhaust closure, or beginning of compression, for that end.
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Now determine the exhaust lap that will give the same amount of
compression on the crank end as on the head end. Then complete
the design of the crank end of the valve as follows:

Having determined the width of the exhaust port R V, the center
line U X of the valve and ports may be drawn. The area @ of the
cross-section of the exhaust port may be made equal to or a little
less than the area of the steam port. The edges of the ports, as at
T B, PC, R D, etc., are faced surfaces, while the remainder of the
port is made a trifle larger, and is rough cast. The valve seat should
be limited, as at E, so that the edge A of the valve will overtravel
14 inch. The thickness A F of the lap is generally made about the
same as the bridge, and the thickness of the valve wall K a little less.

64. Place the necessary working dimensions on the design and
mark the finished surfaces. Tabulate the results as follows:

PEr CENT oF STROKE CoMPLETED WHEN

Valve | o.q | Steam | Exhaust | Steam-

Travel Lap Lap | poritn . Cut- Ex-
A
A es ns
Ins. Ins. Ins. Ins. Ins. begins .place occurs
Head
end
Crank
end

Equalization of Release and Ezhaust Closure by Unequal
Ezhaust Laps

65. If a valve were constructed with zero exhaust lap on each end,
release on the head end and compression on the crank end would
oceur simultaneously when the crank is in position O B tangent to
the Zeuner circle O L, Fig. 21. The same would be true for release
on the crank end and compression on the head end, with the crank
in position O C also tangent to the Zeuner circle O L.

When the crank pin is at B the piston is at B’, and with the crank
pin at C the piston is at C’. J K represents the stroke of the piston.
J B’ is smaller than K C’, and therefore neither release nor com-
pression is equalized on the forward and return strokes when the
exhaust lap on both sides is zero, and indicator cards from the two
ends of the cylinder will not be similar.

In order to equalize these events, assume that release on the
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head-end card is desired when the piston is at D, and compression
when at E; also that release is desired on the crank-end card when
the piston is at E, and compression when at D. Then, since J D
equals K E, release and compression will be equalized on both cards.

With D as a center and a radius equal to the connecting rod,
locate the crank-pin center D’ corresponding to D; locate simi-

Head end
indicator card

Crank end

|
|
|
| indicator card

F1G. 21.—SHOWING EQUALIZED RELEASE AND EXHAUST CLOSURE, SPECIAL CASE

larly E’. By drawing the crank position O D’, we find that the
valve requires a negative exhaust lap equal to O F on the head end;
similarly, a positive exhaust lap equal to O G is required on the crank
end. In this particular case, and when J D and K E are compara-
tively small, O F and O G will be so nearly equal that the difference

in values can not be detected by ordinary graphical construction.

Thus, both release and compression are not only equalized, but both
are made to occur at similar points on the forward and return strokes,
by giving negative exhaust lap to the head end, and an equal positive
exhaust lap to the crank end of the valve. This irregularity in the
construction of the valve, it should be noted, is due to the effect
of the varying angularity of the connecting rod, referred to on a
previous page. Under the conditions considered above, the indi-
cator cards would be identical on the head and crank ends, and they
are so indicated in Fig. 21.

66. The above is a special and simple case, and only applies
when release and compression both occur at the same percentage
of the stroke. In ordinary practice, as a rule, release occurs later
than compression, and in such cases equalization of both compres-
sion and release is obtained approximately as follows:

In Fig. 22, assume that the valve design has been completed in
all respects, except the determination of the exhaust laps. Then
the angle of advance, valve travel, etc., are known.
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Assume release on forward stroke (head-end card) at F, and

“ “ “ return ¢ (crank-end card) at G (FB =
GO). '
Also assume compression on forward stroke (crank-end card)at D, and
“ “ “ return “ (head-end card) “ E (DB
=EC). ‘

The crank-pin positions for the piston positions F, G, D, and E
may be found at F’, G, D’, and E’. Draw the corresponding crank
positions shown by the dotted lines. Then the necessary exhaust
lap for release (head-end card) at A F’ is A K, and the necessary
exhaust lap for compression (head-end card) at A E’ is A L.

But the exhaust-lap at the head end of the valve can not have
the two different values A K and A L at the same time. Therefore,
a compromise is taken by making the head-end exhaust lap = 15
AK+AL) =AM=AN.

Drawing crank lines through A M and A N, the corresponding
crank-pin positions O and P and piston positions 0’ and P’ may be
obtained, O; being release on head-end card, and P; compression
on head-end card.

In the same way the compromise lap on the crank end of the

> L Cs
By
’ Ry
o~ = 4 - Cy
/ 0 ead end
| N / / indicator card
o) \\\ q 3
N
GE | _— B\ T YHE
K v
A7, lv, o \\ N 3
I N
4 P
El
Wy

\ C
o5 —0s

F1G. 22.—SHOWING EQUALIZED RELEASE AND EXHAUST CLOSURE, GENERAL CASE

valve will be =14 (AQ+AR)=AS=AT, and release will
oceur at ¥V’ and compression at U’.

P’ C and U’ B will now be found to be approximately equal,
and the compression on the two ends practically equalized, but not
by the same amount as originally laid down at D B and EC. If a
definite compression were desired it would have to be found by
drawing another trial diagram similar to Fig. 22.
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Also, the distances O’ B and V'’ C are approximately equal, and
the release on the two ends thus practically equalized, but again
not by the same amount as originally laid down at # B and G C.
Equal indicator cards for the two ends are shown in Fig. 22. The
indicator cards bounded by the dash lines and marked by the points
F, and E; on the head-end card, and by G: and D; on the crank-end
card, were the ones originally assumed equal to each other.. The
ones finally obtained are bounded entirely by solid lines and are
approximately equal.

ErrFECT OoF ROCKER ARM

Equalizing Cut-Off with a Valve Having Equal Steam Laps

67. It was pointed out in the directions for drafting-table
Prob. 1 (p. 26), that the cut-off could be equalized on the two ends
of the cylinder by placing unequal steam laps on the valve, but
that this method was objectionable for the reason that it gave
very unequal leads. Another method for obtaining equalized cut-
off, and at the same time retaining practically equal leads, is by means
of the bent rocker. This method permits the use of equal steam
laps on the valve. In laying out the Zeuner or other valve
diagram for a required valve motion, no attention whatever is
paid to the rocker arm. The diagram is always laid out originally
as if the eccentric rod were directly connected to the valve stem.
Allowance for the multiplying action due to unequal lengths of
rocker arms is made in the layout described on the following pages.

68. The action of the rocker and the effect it has on the motion
of the valve may best be shown by a practical application. Keeping
in mind the fact that the valve must be the same distance off center
when admission begins as it is when cut-off takes place (only going
in opposite direction), it may be said in a general way that the rocker
is proportioned and situated so as to have the valve in this place
at the proper times, despite the effect of the unsymmetrical motion
produced by the varying angularity of the connecting rod. In
other words, a bent rocker is a piece of mechanism producing irregular
motion, deliberately introduced to counterbalance the irregular
motion produced by the connecting rod. Let Fig. 23 represent the
valve and valve seat.

69. In Fig. 24, A D is the crank position for admission, head end

A E {1 13 {3 {3 {1 crank 113
A F {1 €« [{3 {3 % cut_oﬁ’ head {3
A G €@ {3 €@ {3 €« % « crank 13
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The circle D’ F' E’ G’ is the eccentric circle drawn to the same
scale as the crank circle. The angle D A D’ equals the angle between
the crank and eccentric. Therefore,

the eccentric center is at D’ when admission occurs at A D, head end

({3 [ {3 {14 FI {3 cut_oﬁ {3 13 A F 43 {3
143 {3 113 {4 El {3 amission 43 [{3 A E crank [
113 143 113 {14 GI [{3 cut_oﬁ 4 143 A G {3 [13

With D’ and F’ as centers
and a radius equal to the
eccentric rod (in this case
taken equal to the connecting
rod) draw the arcs intersecting
at L. Again with B’ and ¢’
as centers draw the arcsinter- 0. 23.—SHOWING VALVE IN CENTRAL

. POSITION

secting at M.
L is position for N of rocker arm for admission and cut-off, head end
M 113 113 ({13 113 {3 114 13 €« 113 crank [

Let N bisect distance L M, and N O be drawn perpendicular to

L M. The point O represents the rocker-arm shaft, and its actual
location must be such as to afford a convenient attachment of the
bearing to the frame of the en-

PO NN z gine. O is assumed here. When -
7 . . .
)% N the rocker arm is in the posi-
/ . .
/ o ‘\‘\ tion N O the valve is central.
F 1 While the end N of the arm is
; !
( Crank]Cifcle
Lap\Qircld
//
Ex. Laj le
4 Y Eecenl:rlc "HLE.
E| Xl === N /lc
B Lap Circlé v
FIEN\
\
S\\
7 'l
g going from N to L the valve
/ / X must travel to the left, a dis-
~——+""Fia. 24 tance equal to the steam lap,

Fi1gs. 24 AND 25.—SHOWING EFFECT OF A and the arm N” O of the
ROCKER ON THE VALVE TRAVEL AND  rocker must be proportioned so
ON THE STEAM DISTRIBUTION as to secure this result. This is

done by making NO :N” O ::N L :steam lap. N’ will be the
end of the valve stem for central position. The center O for the
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rock-shaft should be taken so that the arc L M when prolonged in
both directions will intersect the arcs at R’ and 8’ drawn with A as
a center and a radius equal to the length of the eccentric rod minus
the eccentric radius in the case of R’, and with a radius equal to
length of eccentric rod plus the eccentric radius in the case of S’.
These latter arcs contain the extreme positions of the eccentric rod,
and limit the arc through which the point NV oscillates. They also
determine the total travel of the valve, and on this account N R’
and N S’ should be made as nearly equal as possible, and also as
short as is consistent with the necessary valve travel. This latter
may be determined by finding R”/, N/, and 8’”’. Then the horizontal
distances between R’ and N/, and between N’ and S’ must at
least equal the original half-travel of the valve; otherwise there
might be a contracted steam-port opening. O, as already stated,
must be a convenient point on the engine frame, and the horizontal
line through L’ and M’ must be at the elevation of the valve stem.
O could be placed on the opposite side of L M without affecting the
equalization of admission or cut-off.

Unequal Valve Travel on Head and Crank Ends Due to Rocker

70. The introduction of the rocker has not only changed the
total travel of the valve (compare R S with R’ 8""’), but has made
the travel from the central position unequal on the head and crank
ends. This change in travel may seriously affect some of the other
events in the stroke, and must be looked into before the design is
considered finished. The effect in this case is shown in Figs. 24
and 25 as follows:

With rocker, the travel of the valve to the left = N" R = A Z
(on enlarged scale), Fig. 24; equals also A Z, Fig. 23. Without the
rocker, this travel is A H in both Figs. 23 and 24. The increase is
therefore H Z, and there is overtravel = H Z. The inside lap of the
valve will go to J, Fig. 23 (I J = A Z), and the exhaust-port opening
will be contracted to J K, which is less than the width of the steam
port (Y Y’ = width of steam port), and which will, therefore, inter-
fere with a free exhaust of steam. In such case the exhaust port
must be widened and the valve lengthened to correspond. Such
alteration does not interfere with the steam distribution.

Zeuner Circles Changed to Irregular Closed Curves by Rocker

71. From the foregoing it is evident that the Zeuner circles used,
in designing the valve, do not show the true valve travel, or the




ELEMENTARY RECIPROCATING STEAM ENGINE 33

complete true steam distribution, when the rocker is added to the
* valve gear. To show this, the dotted closed curves A VZ W and
A12X would have tobedrawn. A V=AW =A41=A4X (all
on enlarged scale) = L' N” = N” M’ (both on full-size scale). Also
N"R" = AZ and N"” §8"" = A 2 when brought to the same scale.
Intermediate points on the dotted curves may be determined by
taking successive positions of the crank, and finding the corre-
sponding distances the end of the valve stem N’ is off center, and
setting these distances off on the crank positions. The maximum
crank-end travel of the valve, in this case, happens to be the same
with the rocker as without.

It will be observed that the effects of the different exhaust laps
which give equalized compression, Fig. 24, are very slightly changed
by introducing the bent rocker. This is shown by the dotted curves
agreeing very closely with the original Zeuner circles within the
limits of the radii of the exhaust-lap arcs, 4 3 and 4 4.

72. In some problems it may be possible to design the rocker so
that a symmetrical valve will equalize exhaust and compression in
addition to equalizing cut-off and lead, as follows: Locate point 5,
Fig. 25, in the same way that L was found, only using the eccentric
center positions at release and compression, head end. Also locate
point 6 for the crank end. If, in addition to the considerations
already mentioned for determining the position of the rock shaft O,
the arc passing through L and M can be made to include the points
5 and 6, so that they are symmetrical with respect to N, the equali-
zation will be accomplished. With zero inside lap there will be only
one point instead of 5 and 6, and this may be made to fall on the arc
L M at N, and then all four events would be equalized, with a sym-
metrical valve, by the rocker.

LiMmitep Usk oF THE PraiN D-VALvE

73. On page 4 it was pointed out that a plain slide valve with
zero steam lap admitted steam to the engine cylinder during the full
stroke. Also that to cut off the admission of steam before the end
of the stroke, steam lap had to be added to the valve. This suggests
the fact that the earlier the cut-off the larger the steam lap must be.
When steam lap becomes too large, the valve travel and friction be-
come too great, and the plain D-valve, as shown in Fig. 23, can no
longer be used economically. The effect of early cut-off is shown in
Fig. 26.

Let the dotted construction be the Zeuner diagram for an engine
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having 34 cut-off, port opening = E F, and lead = C D. Let the
solid construction be the Zeuner diagram for the same engine with
14 cut-off, and with the port opening and lead the same as for %4
cut-off. Then E'F' = EF and C'D’ = C D.

The lap necessary for 34 cut-off is A B. For 14 cut-off it is found
to be A G. The half valve travel for 3/ cut-off is A F and for 14
cut-off it is A F’. An
increase in valve travel,
as may be seen from
Fig. 23, calls for a
wider exhaust port, and
therefore a larger valve.
A larger valve has ad-
ditional area exposed
to steam pressure and
also greater weight of
itself, thus giving an
increased amount of
sliding friction. The
additional weight and
friction also affect the

Fi1G. 26.—SHOWING EFFECTS OF EARLY CUT-OFF sensitive action of the

WITH PLAIN D-VALVE governor.
Still further, in Fig.
26, it may be seen that for the earlier cut-off the release and com-
pression are both earlier. (The exhaust lap A H has remained the
same for 34 and 14 cut-off.) If the attempt is made to correct
the release so as to make it later by increasing the exhaust lap, the
compression is made still earlier.

The above considerations affecting the action of the plain D-valve
have established a limit to which, in its simple form, it may be
economically used. It is sometimes employed for cut-off at 14,
but as a rule not earlier than 34 stroke with a fixed eccentric.

SPECIAL VALVE-DiagraM EXERCISES

74. In addition to drafting-table problem No. 1, and the several
exercises given on pages 15, 16, and 17, the following problems given
by Welch in his treatise on “Valve Gears” should be noted:

Given: Valve travel, position of crank for cut-off, and lead.
See Fig. 27.

Find: Lap and angle of advance.
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A B = 14 valve travel.

A P = position of crank at cut-off.

With A as a center, and A B as a radius, draw a circle intersecting
the horizontal line A J at D. With D as a center and a radius equal
the lead, draw the “lead circle” T H J.

From P draw line P K tangent to the lead circle.

‘Draw A K. Draw the circle V Z R tangent to P K.

Then VZ R = lap circle. Draw A E | to P K.

Then < B A E = angle of advance.

A K = position of crank at admission and Q L = D T = lead.

Proof that QL = D T. '

Draw ER and EL | to A K and A D respectively.

Draw D F parallel to K Z. Draw D H parallel and equal to F Z.

In triangles EAR and KAZ; EA =AK, <EAK is com-
mon, and angles E R A and K Z A are right angles.

.. triangles EA R and K A Z areequal,and A Z = A R. Also
AQ=AR = AZ by construction.

In triangles EAL and DAF; EA=AD, <EAD is com-
mon, and angles ELA andDF A
are right angles. P

.".trianglessEA L and DAF
are equal and FA = A L.

.".QL=FZ. But FZ = v
DH = T D by construction. c s Y4 ATAY;

.".QL =TD = lead. 4 5
75. Given: Crank positions K

at exhaust opening and exhaust
closure and at cut-off; also the
lead. : «

Find: Angle of advance, valve
travel, and steam and exhaust % 27'_%11?:?1‘;’?;:%"?: SpeciAL
laps. .

At any point A, Fig. 28, lay off lines A B and A C parallel respec-
tively to the given crank positions at exhaust opening and exhaust
closure. Bisect the angle B A C, thus obtaining the diametral line
A D for the Zeuner circles. Lay off the lead from A on a horizontal
line as at A G, and draw the vertical line G H. From A draw the
line A E parallel to the crank position at cut-off and draw the line
A F perpendicular to it. Bisect the angle between A F and G H
as shown at J K, and mark the point O where this bisecting line crosses
A D. Although these two lines cross at a very acute angle, the in-
tersecting point may be determined with considerable accuracy by

1B
'

NN
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first marking the points where the white paper begins to show at
each end of the intersection and then taking the exact point of inter-
section as midway between these two. Then O A will be the half-
travel of the valve and the two Zeuner circles O A and O D may
be drawn. The radius of the arc N P, tangent to the lead line G H
and to the line A F, will be equal
to the steam lap, and O @ and
O R drawn through the points
L and N respectively will be the
crank positions at admission and
cut-off. The lines O S and O T,
parallel respectively to the as-
signed lines A B and A C, will
be the crank positions at ex-
haust opening and exhaust clos-
ure. Also the radius of the are
UV wil be equal to the ex-
- haust lap.

76. All of the required infor-
mation has now been obtained
Fia. %-—g‘i‘;ﬁ";‘?xg&’; Tom SpeciAL  for one end of the valve, and the

’ data for the other end of the valve
could be readily obtained by adding the necessary lines, as was done
in drafting-room problem No. 1. The general method of procedure
for working this problem and its relation to other problems that are
more directly constructed may now be noted by observing that if
the lines which are characteristic of this diagram, namely, A B, 4 C,
AE,AF,GH, and J K were added to the simple Zeuner diagram,
it would be identical with the present one. In drawing the various
lines of this diagram, advantage is taken of several simple geometric
characteristics of the Zeuner diagram, namely, that the diametral
line bisects the crank positions at exhaust opening and exhaust
closure, that the centers of the lap circles lie on the diametral line,
and also on a line which bisects the angle formed by the tangents to
the lap circle at the zero and cut-off positions of the crank, no matter
what the lead may be, and finally that the diameter of the Zeuner
circle must always be the hypothenuse of a right-angle triangle in
which the angle A O N at the base and the length O N of the base
are known.
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THE ALLEN VALVE

77. This type of valve is common in locomotive work when flat
valves are used. Its rapid admission of steam, due-to the auxiliary
passage way which is cored from one side of the valve to the other,
as shown at PR — D E, Fig. 29, and its peculiar rate of opening
the steam port have given it the name also of “Trick” valve. It is
an essential feature of construction that the valve and valve seat

- must be so built that R passes M just as C passes B. With this in
mind, the peculiarity of the opening areas may be pointed out in three
steps as follows: (1) Assume that the valve has been in its central
position K at H, and that it has been and is moving to the right.
When C reached B, R reached M, and there was increasing port open-
ing at two places, BC and R M, until B C became equal to R P.
(2) If the port width B O is made equal to BC + CD + DE, as

&

/},’,”%

V2007
—

FiG. 29 Fi1G. 30

F1G. 29.—ALLEN VALVE. SECTION ON X Y ofF Fi1G. 30
Fi1G. 30.—ToP VIEW OF ALLEN VALVE AND VALVE SEAT

it may be, the port opening at B C will increase at the same rate
that D E decreases, and there will be constant port opening, al-
though two ports will be in action. (3) After D passes O, if it is
designed to travel that far, there will be increasing port opening
through a single port up to the end of the valve travel. If BO is
greater than BC + C D + D E there will be another rate of steam
admission between steps one and two, in which there will be increas-
ing port opening at B C and constant port opening at D E until
E reaches O. )

In Fig. 29 assume that BC = DE and that BO=2DE +
C D and also that the valve is in its extreme right-hand position,
having moved a distance equal to the lap 4+ 14 the port opening
B C. The steam lap = K C — H B, which should be equal to, or
greater than C E, in order to keep the two ends of the cylinder from
being in communication through the passageway in the valve. A
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top view of the valve, with so much of the valve seat as is visible, is
shown on reduced scale in Fig. 30.

DrRAFTING-TABLE PrROBLEM No. 2. DESIGN FOR AN
ALLEN VALVE

78. Let it be required to design an Allen valve for an engine hav-
ing a 10-inch bore, 14-inch stroke, running at 170 revolutions per
minute and cutting off at 45 per cent of stroke on both ends, with
}{e-inch lead on head end. Use zero exhaust lap on both ends. The
steam port may be taken .7 of the bore. Take live and exhaust
steam velocities the same as in problem No. 1. .The connecting rod
may be taken five times the crank length. Take wall at C B, Fig.
31, 14 inch.

79. The first step in this design consists, as in problem 1, in cal-
culating the width of port opening and width of steam port. Then
lay out the crank circle and crosshead travel to the largest regular
scale that the drawing paper will allow. Judgment must be used
in determining the scale for the Zeuner diagram, based on the prin-
ciple that the largest convenient scale for geometrical drawings
gives the greatest accuracy.

Effect of Double-Lead and Double-Admission Areas on Zeuner
-Diagram Construction

80. The 14 valve travel in drafting-table problem 1 was equal
to the lap + the whole width of the steam-port opening. In this
problem it is equal to the lap + 14 the calculated width of the
steam-port opening, because the Allen valve is in effect two plain
D-valves combined, and admits steam to the same steam port
through two openings at the same time. Each opening then takes
care of 14 the lead, and in laying out the Zeuner diagram for the
Allen valve, only 14 the given lead as well as 14 the calculated width
of the steam-port opening is considered. When the Zeuner diagram
is completed, designate the crank positions in the manner shown in
Fig. 26. '

81. The valve may now be laid out full size. Starting with the
point B, Fig. 31, which is an illustration for a general case, BE =
steam lap. B C = thickness of flange of the outside valve wall
which should be a little wider than the valve wall to allow for facing
and small enough so that BC + C D is equal to or less than the
steam lap, otherwise the two ends of the cylinder might be in com-
munication through the auxiliary passage X for an instant. If C B



ELEMENTARY RECIPROCATING STEAM ENGINE 39

should come so small as to prevent a good casting, some one or more
conditions of the design would have to be changed.

C D = V4 width of calculated steam-port opening.
EF*=2CD+ BC.

F G = exhaust lap.

F H = width of bridge = 94 inch for engine given in this problem.
H I = 14 width of exhaust port.

- Total width of exhaust port = maximum exhaust'lap + 14 travel of
valve + calculated width
of steam port — width of
bridge.

82. The location of the
point A is important, for -
just as the point corre-
sponding to B on the other
end of the valve is un-
covering the point corre-
sponding to E the point C
must be uncovering A.
Therefore, C A must equal
the steam lap on the other
end of the valve. )

It will be evident that ¥ must be at least equal to C D so
as to give free admission to the valve passage X. It should be
made equal to C D + 14 inch, or more, as may be desired.

X may also be made equal to C D 4 14 inch to allow for friction
of steam in the rough-cored passageway.

I J may be taken = 14 (calculated width of steam port + width
of exhaust port).

All the remaining dimensions necessary to complete the design
are independent of the action of the valve so far as steam distri-
bution is concerned, and are determined solely according to the
size of the valve. For this problem they may be taken as shown in
Fig. 31.
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F1G. 31.—SHOWING LAYOUT OF ALLEN
“TRICK" VALVB

Locomotive Balanced Valve

83. The Allen valve may be converted into the ordinary locomo-
tive balanced valve by adding metal in the form of dash lines shown

* When E F is much larger than the calculated width of port, it may be re-
duced to the correct size in some such way as shown by the dotted lines at K
and L (= calculated width of port) in Fig. 31; er a face plate may be used.
These dotted lines are not to be drawn by the student.
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at the top of the valve, which the student should do. Q is a slot
containing a rectangular bar which is kept against the faced surface
of the cover of the steam chest, as the valve slides back and forth, by
means of a spring at B. This slot and the bars extend all around the
valve, and keep the live-steam pressure from exerting its power to
press on the back or top of the valve and thus force it against the
valve seat with greatly increased friction. In the locomotive bal-
anced valve there is a small hole through the center communicating
with the exhaust. This carries off any live steam that may leak
through. .

Place the necessary working dimensions and mark the finished
surfaces on the design.

Tabulate the results as in drafting-table problem No. 1.

Limited Use of the Allen Valve

84. That the Allen valve can not be used to advantage for cut-off
much later than half-stroke with a fixed eccentric may be seen by
referring to Figs. 32-35. A valve is shown in part section in Fig. 33,

Fia. 32

F1G68. 32-35.—SHOWING HOW A VALVE PASSAGEWAY MaAY BE PLACED IN THE
STEAM LAP

and its corresponding Zeuner diagram is shown in Fig. 32, both il-
lustrations being to the same scale and similarly lettered. It will
be noted that the lap A E is large enough to contain the valve-wall
thickness C E, the passageway B C, equal to E F, and to have
some space B A left over. But in Fig. 34, let the cut-off be assumed
at A M, keeping the same lead and lap; then the single port opening
becomes P N. If now the necessary valve-wall thickness is laid off
equal to, say, P Q, it is found that there is not enough room in the
steam lap for another passageway equal to P N, and therefore that
cut-off as late as A M is not possible with an Allen valve when it
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has the data here used and when it is directly connected to a *fixed”
eccentric. With special forms of valve gears and governors, the
travel of the valve and the angle of advance may be varied automati-
cally, and the cut-off made later, as will be shown when the different
forms of valve gears and governors are taken up.
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95. As stated on page 9, a number of diagrams, in addition to
the Zeuner diagram, have been devised to show graphically the
relative positions of the valve and crank at any instant. A descrip-
tion, with practical applications of same, of the more important
diagrams will now be given.

BiLgraM DiAGrRAM

96. Let it be considered that the crank is on the head-end dead
center on the line A B, Fig. 46, and turning in the direction shown
by the arrow. Also let the distance A B represent the 15 valve
travel, and draw the ec-
centric-center circle H BC.
Then on the opposite side

F1G. 46.—BILGRAM DIAGRAM F1G. 47.—PROOF FOR BILGRAM AND
REULEAUX DIAGRAMS

of the crank lay off the angle C A D = the angle of advance.

From D draw the line D E perpendicular to the crank position
B A prolonged, and D E will be the distance the valve is off center
when the crank is at A B. Likewise,

when the crank is at A F the valve is off center D G, and
[{3 113 ({1} “A H 1143 143 {13 €« DA (max dlSt)
« « “ o« wgp ow ‘ central.

The reason for these facts may be found in Fig. 47, where A’ F’
is an assumed position of the crank, and A’ Z the corresponding
eccentric position, with X A’ Z ( = C A D, Fig. 46) as the angle of

42
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advance. Then with the crank at A’ F’ the valve is off center a dis-
tance Z Y. It remains to show that ZY = D’ @'

<XA'"Z=<D A'"C = angle of advance. Since X 4’ is
1l toA’W,and VA’ 1 to A’ C', the <X A'V=<CAW.
Therefore, < D’ A’W = <ZA'V. Also,anglesD’G’A’andZY A’
are right angles, and the triangles D’ A’ G’ and Z A’ Y are equal.
. YZ=DG@G.

Since D G, Fig. 46, equals the distance the valve is off center, it .
is only necessary to draw a circle with D K ( = the steam lap) as
a radius and K G will equal the live-steam port opening for the
crank position 4 F.

LE = the lead. A M’, drawn with its prolongation tangent to
the steam-lap circle, is the position of the crank for admission.
A N, also tangent to the steam-lap circle, is the cut-off position.

If the valve has an exhaust lap D O, the exhaust-lap circle
should be drawn with a radius = D O, and then A O, tangent to it,
will be the crank position for release. Likewise A R’, with its pro-
longation tangent to the exhaust-lap circle, will be the position for
.compression.

For the crank end of the cylinder A M is admission; A N’ cut-off;
A O’ release, and A R compression. In Fig. 46, the steam- and
exhaust-lap circles are taken the same on both the head and crank
ends. '

If the head-end exhaust lap had been negative, A R, instead of
A O, would have been the re-
lease position for the head end.

Solution of Drafting-Table Prob-
lem No. 1 by Bilgram Diagram

97. Drafting-table problem
1, of this course, would be
solved by the Bilgram diagram
as follows:

Given: Cut-off, release,
lead, and maximum live-steam
port opening. To find: Steam
and exhaust laps, travel of
valve, and crank positions for
the events of the stroke.

In Fig. 48 draw line C B for center line of engine. At any point A
draw A N for the given cut-off position. Draw line S T parallel to
C B and a distance from it equal to the lead. Draw arc U V about

F1G. 48.—PRACTICAL APPLICATION OF
BILGRAM DIAGRAM
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A as a center with the calculated width of steam-port opening as a
radius. Find by trial the center D of a circle that will be tangent
" toAN,ST,and thearc U V.

Then D L is the required steam lap. Draw 4 O for the given
release position, and determine the exhaust lap by drawing a circle
with D as a center and tangent to A O.

If D W represents the necessary exhaust-lap circle for the crank
end to give equalized compression, as called for in drafting-table
problem 1, then the events of the stroke are as follows:

' Admission Cut-Off l Release Compression
Headend...:........... AM AN AO AG
Crank end............. AQ AX AY AZ

REULEAUX DIAGRAM

98. In making use of this diagram let the indefinite line C A B,
Fig. 49, be the center line of the engine, and at any point A draw
A Z perpendicular to it. Draw the circle C Z B with a radius equal
to the half-travel of the valve, and
lay out the anglesZ A H and BA D’
each equal to the angle of advance.
Then for dny position of the crank
such as A F, it is only necessary to
draw from F, the point where the
crank line crosses the valve circle,
a perpendicular to the line A D’
limiting the angle of advance, to
find the distance F G that the valve
) is off center.

F16. 49— REULEAUX DIAGRAM This may be proven with refer-

ence to Fig. 47, where A’ F' is a
given crank position and D’ E the line limiting the angle of advance
(= B’ A’ E). Since Z is the eccentric-center position for the crank
position A’ F/, Z'Y is the distance the valve is off center. It is
only necessary to demonstrate that F'J = Z Y. This is readily
done, for the reason that in the right-angle triangles Z A’ ¥ and
F’ A’ J, the sides A’ Z and A’ F’ are equal, and the angles Z A’ Y
and F’ A’ J are equal. (Angle B’ A’ E = angle Z A’ X = angle of
advance; and angle B’ A’ F’ = angle X A’ V, the sides being respec-
‘tively perpendicular.) Therefore, the triangles are equal, and
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F'J = ZY = distance the valve is off center for crank position
A'F'.

In Fig. 49 draw the line N M’ parallel to D A D’, and at a distance
from it equal to the steam lap = A P. Then for any crank position
such as 4 F the steam port is open F K. A P = the steam lap for
one end of the valve, and A P’ the steam lap for the other end. In
this case they are equal. A

Likewise A L = the exhaust lap for one end, and A L’ for the
other. Lines drawn through L and L’ parallel to D D’ are the exhaust-
lap lines. B E is the lead for the head end, and C @ for the crank
end. ~

The events of the stroke, according to the Reuleaux diagram, oc-
cur as follows:

Admission Cut-Off Rel Comp
Head end.............. AM AN AO AR
Crank end............. AM AN’ AO AR

99. The lines of the Reuleaux diagram may be used to check the
work of the Zeuner diagram, as follows: If, i@ Fig. 8, a straight
Reuleaux line is drawn from N to P, it will be tangent to the lap
circle at F, if the Zeuner lines are correctly drawn, and this line will
correspond to the line N P M’ in Fig.49. When checking the work
in this way, the points such as N and P must b?t thesintersection
of the crank lines and the circle whose diameter iS'equal to the valve
travel. Again, a straight line from S to @, Fig. 8, should be tangent
to the exhaust-lap circle at L. Furthermore, the Zeuner steam- and
exhaust-lap arcs may be drawn in the Reuleaux diagram and if the
latter is correct, the arcs will be tangent to the line N M’ at P,
Fig. 49, and to O R’ at L’ respectively.

VALVE ELLIPSE

100. The valve ellipse is a curye in which the ordinates show the
amount the valve is off center; and the abscisse, the corresponding
piston positions.

It may be obtained, as in Fig. 50, by dividing the crosshead travel
into any number of equal parts as at 1, 2, 3, etc. With these divi-
sions as centers, and with a radius equal to the length of the connecting
rod, strike arcs intersecting the crank-pin circle in the points 1/,
2/, 3, ete.
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A R is the radius of the eccentric-center circle, and the angle

O’ AR is the angle between the crank and the eccentric. The

points R E F G, etc., show the eccentric-center positions for the
corresponding crank-pin positions 0/, 1/, 2, 3/, etc.

Then with piston at 0 the valve is off center the distance R H=0" L

13 {3 113 4 l 113 [13 4 (43 113 113 [13 EI =DM

{3 €« 43 [13 2 4 113 43 [{3 13 4 [{3 F J = 'CN

etc., and these values, O'L, D M, C N, etc., laid off on the piston-

position ordinates through 0’, D, C, etc., in the valve-ellipse diagram

g 5 4 o
7’ .
R D 3
]
L
! AN
8l AE B || Ip/lo’ .
‘b 4 € A ‘ 8§ 7 65 4 8 2.1 0
J

F16. 50.—METHOD OF CONSTRUCTING VALVE ELLIPSE

determine the points on the valve ellipse. The points D, C, B, etc.,
are equally spaced the same as the points, 1, 2, 3, etc., in the cross-
head stroke.

The curve generated in this way, although called the *valve
ellipse,” is not a true ellipse, unless the connecting rod is of infinite
length, in which case the points 1/, 2/, 3’, etc., would lie on the ordi-
nates through D, C, B, etc.

101. In Fig. 51 the dotted curve is for the mechanical equivalent
of the infinite connecting rod, and is a true ellipse, while the full
curve is for a connecting rod = 4 crank lengths.

For the crank position A D, or the equivalent piston position
E H, Fig. 51, and the finite connecting rod, the valve is off center
the distance H E. If the valve has a lap = H F the live-steam port
opening for this position is F E on the head end, and if the exhaust
lap on the crank end of the valve is H G the opening of the port to
exhaust is G E. The steam- and exhaust-lap lines are drawn parallel
to the center line B C.

It follows, then, that the point in which the steam-lap line inter-
sects the valve ellipse determines directly the piston positions, and
indirectly the crank positions at admission, cut-off, etc. For cut-off
on the head end, finite card, the piston is at L", directly below L,
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Fig. 51. Projecting L to the center line and drawing an arc with the
connecting rod as the radius, A M is obtained for the crank position
at cut-off. In like manner the crank positions for release, compres-

sion, and admission may be found.

Method of Determining Steam and Ezxhaust-Port Openings and Steam
and Ezhaust Laps by Combining the Valve Ellipse and Indicator
Cards, and Without Removing Steam Chest Cover

102. By combining the valve ellipse and the indicator card, as
shown at Fig. 51, a ready means is afforded for examining the steam

Cut-off H.E. i
Grank length 2
' 1e 8 T
R.ole-.s{ H.E. R
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F1G. 51.—SHOWING RESULTS OBTAINED BY COMBINING VALVE ELLIPSE AND INDICATOR

CARD

distribution of a plain D- or piston valve, and also for determining
the steam and exhaust laps, without removing the steam chest cover
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or disturbing the valve or the running of the engine in any way. This
is done by taking the indicator card from the engine in the usual
way, and at the same time taking the valve ellipse automatically
from the engine, and drawing the two curves one under the other,
as in Fig. 51. The full-line valve ellipse is, so far then, all that is
known in Fig. 51. In obtaining the valve ellipse the abscisse dis-
placements would come from the crosshead, and the ordinate dis-
placements from the valve stem. To get at the information which
it contains, first draw the lines S T and U V tangent to the ellipse
and parallel to the stroke line, which would be recorded in obtaining
the ellipse card. The perpendicular distance between S T and U V
is the total valve travel. Draw the line B C midway between S T
and U V. .

On the indicator card determine the points L’ (cut-off), N’ (re-
lease), P’ (compression), and @’ (admission), and project these points
up to the ellipse at L, N, P, and Q. Then, since admission and
cut-off are both governed by the steam lap, the points L and @
should each be a distance from B C equal to the steam lap, and lie on
the steam-lap line, which is thus determined. Likewise N and P
should each be the same distance from B C, and determine the
exhaust lap.

The laps of the valve, together with its travel, and also the
amount of steam-port opening for either live or exhaust steam at
any instant, are now known for the head end. For the crank end,
the crank-end indicator card and ellipse would be taken in the same
manner.

SiNusoIDAL DiAGRAM

103. In this diagram the crank angles are laid off on the abscissa
line, and the piston and valve displacements on the ordinates.

The sinusoidal diagram affords a ready means for studying the
steam distribution for setting the eccentric so as to secure the best
results for a given engine.

In Fig. 52 take a distance such as B C to represent 360° and
divide the line into a convenient number of equal parts. On the
ordinates through the division points lay off distances equal to the
corresponding piston displacements, thus obtaining a curve through
the points C D B. .

For the infinite connecting rod the curve is a sinusoid, as shown
by the dash line. The points on the solid curve, which in this
case is for a connecting rod equal to four crank lengths, are
found by making the ordinates through 45° 90° etc., of Fig.
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52, equal to G D, F D, etc., of Fig. 53, which is here drawn one-

half size.

In Fig. 52 the sinusoidal curve I W J has its maximum ordinate

V W = half-valve travel,
and its pitch X ¥ = BC.
The distance 4 S corre-
sponds to an assumed
angle of advance, which
in this case is equal to
85°. This curve, as drawn
in Fig. 52, neglects the

angularity of the ec- I

centric rod, and is a si-
nusoid. It may be so
used practically, unless
an investigation is one
of much precision, in
which case the actual

F16. 52.—SINUSOIDAL DIAGRAM

valve curve may be found by the method shown in Fig. 53.
In Fig. 52, let B K = the steam lap, head end,

BQ =
BO =
BM

“ ¢ crank end,
“ exhaust lap, head end,
“ “ ¢ crank end.

Draw lines through K, Q, O, and M, parallel to BC. Then cut-
off, head end, occurs at T (126°), release at F (158°), compression at
G (315°), and admission at H (355°). L E is the lead.

In order to use this diagram for determining the effect of different
angles of advance, the valve curve should be extended as shown to

I and J, and then drawn
on a piece of tracing
paper or cloth. By plac-
ing the curve so that S
falls on A the events of
the stroke for zero angle
of advance are found at

F1a. 53.—CONSTRUCTING *SINUSOID'’ WHEN ALLOW- R o
ANCE Is MADE FoR ANGULARITY oF Eccentric Rop OnCe€; With S at N (90 )

the events for 90° angle

of advance are known. For intermediate angles of advance S falls
between A and N. The effect of changing the valve laps may also
be readily shown by raising or lowering the lap lines.
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ErFrecT oF FRicTION DUE TO PRESSURE ON BACK OF PL.uN
D-VALVE

114. Thus far, the plain D-valve and the Allen valve are the
only types that have been treated. It has been shown that the
plain D-valve has a limited range of application, and that for cut-offs
earlier than 2§ stroke a D-valve of excessive and impracticable
weight and travel would be required. Furthermore, the steam
pressure on the back of the plain D-valve, in addition to the pressure
due to the weight of the valve (when in a horizontal position), in-
creases largely the friction on the valve seat. In an engine of 14
inches bore, with a plain D-valve 814 inches long and 1214 inches
wide, and a steam pressure of 70 pounds, the pressure on the back
of the valve would be 8.5 X 12.5 X 70 = 7,437 pounds, or 3.7 tons.
When a valve is so designed that this pressure can not act on any
considerable portion of it so as to produce pressure and friction on
the valve seat, it is said to be “balanced.” In engines (especially
those of high speed) where the adjustment of the cut-off, etc., is pro-
duced by the effort of the governor in changing the position of the
valve, the friction due to such high pressure is too great to be prop-
erly overcome directly.

115. On account of the friction due to weight and unbalanced
steam pressure in the plain sliding D-valve, engine builders have
had to invent and adopt other forms of valve construction. There
are other reasons, however, for adopting different forms of valves,
one being the desirability of having short straight ports at the ends
of the cylinders as shown at K L in Fig. 112, instead of the tortuous
ones from the center to the ends, such as are shown at @, in Fig. 1,
and are necessary with a D-valve of minimum weight. Still another
reason for different valve forms lies in the endeavor to obtain ample
port opening for both admission and release of steam or gas, with-
out using too large a valve or too large a valve travel. This
brings the matter back again to the reduction of driving power by
balancing against undesirable pressure on the valve.

116. The fundamental types of valves that are used or that may
be used are the same in all forms of prime movers, although the details
of construction may vary according as they are applied to steam
engines, steam turbines, or internal combustion engines. All of the

50
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valves in use on prime movers fall within one of the following sub-
divisions, all of which are illustrated in
their elementary forms at this place.
Later in the book many of these ele-
mentary valves will be again illustrated

M A A
E'71 -
. ] A D N /= D
78 f//r/ﬂ////’

F1G. 64.—FLAT VALVE F1G6. 65.—PI1sTON OR ROUND VALVE

in their modified forms to sﬁit the special conditions under which
they are operating. The types of valves for prime movers are:

RECIPROCATING VALVES

which have a back-and-forth motion. These may be:
Flat or D-Valves, Fig. 64.
Piston or Round Valves, Fig. 65.
Sleeve Valves, Fig. 66. o

Y Y
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£

F1G. 67.—CYLINDRICAL SURFACE VALVE

VISIIISIS SIS s

F1G. 66.—SLEEVE VALVE

Rocking aAND ROTATING VALVES
which simply turn about an axis:
Cylindrical Surface Valve, Fig. 67.
Cylindrical End Valve, Fig. 68.
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LirTiNG VALVES

which rise directly from the valve seat without any sliding action
whatever. These valves are usually flat or crown-shaped and have
' a conical or annular seating surface, and they
-may lift vertically, as in the first case given
below, or they may lift by swinging about
an axis, as in the second case:
Poppet Valves, Fig. 69.
Butterfly Valves, Fig. 70.
117. Brief statements regarding the
: practical use of the above-mentioned types
N of valves will be given in the following para-
")) \c graphs. Some of the forms which give ex-
cellent service in steam engines and steam
F16. 68.—OYuNDRICAL END  tyrbines fail when applied to gasoline and
VALVE . . .
oil engines, due to high temperatures and
high pressures of the burning gases and to the deposits of carbon
and foreign matter through imperfect combustion, all of which
seriously affect smooth sliding surfaces.

A

Flat or D-Valve

118. The flat valve is the basis of the common D-valve and
also of other forms of arched or cored valves, and of pressure-plate
valves, all of which are widely used
in steam-engine work: It is occa-

=1,

F1G. 69.—POPPET VALVE F1G. 70.—BUTTERFLY VALVE

o

sionally met with in some of the older forms of the internal
combustion engine.
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Piston Valve

119. The piston valve, with but slight modification of the elemen-
tary form shown in Fig. 65, is largely used in steam engines. It has
been tried from time to time in internal combustion engines, but in
nearly all cases has been discarded.

Sleeve Valve

120. The sleeve-valve type is used principally in gasoline engines,
where a second sleeve operates inside of the one shown at A in Fig.
66, and both moving sleeves surround the main piston of the engine
and are within the cylinder wall casting. This type of sleeve valve
is also known as the “silent Knight valve,” and is further treated in
Vol. II. It may also be noted that the elementary idea of the single-
sleeve valve corresponds with a shell or hollow piston valve, and as
such has been and is successfully applied in steam-engine practice,
although it is there used in the steain chest instead of in the main
cylinder.

Cylindrical Surface Valve

121. The cylindrical surface valve, Fig. 67, is widely known as
the Corliss type of valve and is used in all makes of the well-known
Corliss steam engine. In many cases only a part, say 90° or
more of the cylindrical surface, is used, and an outside edge instead
of a diametral port is used to control the steam admission and ex-
haust. This case will be illustrated later in Figs. 146 and 147, in
treating of the subject of rotary valves. This cylindrical type of valve
is also used on some steam engines which are not of the distinctly
Corliss type, as illustrated in paragraph 228. 1In all of these cases the
cylindrical valve has a rocking motion back and forth through an
angle of less than 180°. The cylindrical valve, vperated both as a
rocking valve and as a continuously rotating valve, has been tried
from time to time in gasoline engines, and, although its use has not
been continued in most cases, there is a persistent effort running
through manufacturing channels to overcome the difficulties involved
in order to obtain the characteristic silent and balanced motion
which this form of valve naturally gives. The difficulties here re-
ferred to arise: principally from the high explosive temperatures
causing either too tight a running fit, warping, or a leaky joint,
scoring of surfaces due to high velocity of gases of combustion, de-
posits of foreign products of combustion) lubrication, etc.

-
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Cylindrical End Valve

122. The cylindrical end valve has been tried often in both steam
and internal combustion engines, but has generally failed, due
principally to warping and leakage.

Poppet Valve

123. The poppet valve is largely used in several types of steam
engines, as illustrated in Figs. 249 and 252; and is almost exclusively
used in gasoline, gas, and oil engines. Its chief advantage is that no
sliding action is involved in its use, and this outweighs, in internal
combustion engine work, the disadvantages of its reciprocating
motion at high speed, of warping when made in large sizes and
when made in pairs on a single stem, and of noise when seating.

Butterfly Valve

124. The butterfly valve is not used where tight-fitting valves
are essential, and it is, therefore, not to be considered as a means of
doing the same kind of work as the valves previously mentioned. It
has, however, a wide field of usefulness of its own in acting as a
throttle in partially closing or opening passageways to the flow of
steam and gas, and thus regulating the quantity passing through.
A modification of the butterfly valve is the flap valve, which is
- hinged at one side, instead of across a diametral line, and which may
also be used as a ready means of throttle by enclosing it in a chamber
of suitable form; it is more useful, however, as an automatic check
valve in permitting a liquid or gas to flow in one direction, but stop-
ping it as soon as the direction of flow is reversed.
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135. A complete valve-gear mechanism consists of a series of
‘connected mechanical parts reaching from the engine shaft to the
valve. These parts consist of eccentrics, cranks, rods, levers, links,
cams, etc., in various forms of individual construction and, combined,
they modify the circular motion of the engine shaft to give practi-
cally any desired motion to the valve or valves. A fundamental
valve-gear mechanism is used here to mean a component group of
these parts, or even a complete simple gear. It will be shown as the
subject develops that the most complicated form of gear is made up,
in nearly all cases, of a combination of the simple fundamental mech-
anisms shown in Figs. 81 to 93. These cover practically all forms
.of valve gears for steam engines and turbines and for gas, gasoline,
and oil engines. There are six main groups with subdivisions in
each, most of the subdivisions usually met with being also illus-
trated:

(a) Crank and Connecting Rod, Figs. 81-83.
(b) Eccentric and Eccentric Rod, Fig. 84.
(¢) Double Rocker Arms, Fig. 85.

(d) Vibrating Rods, Figs. 86 and 87.

(e) Floating Levers and Links, Figs. 88-90.
(f) Cams, Figs. 91-93.

Infinite Connecting Rod

136. The crank and connecting-rod mechanism is the commonest
of all forms of fundamental mechanism, although in valve-gear
work particularly the eccentric-and-rod mechanism is more largely
used. A form of crank and connecting rod that gives uniformity of
motion to the crosshead is one generally referred to as the “infinite
connecting rod,” which means that a special form of rod is used, as
in Fig. 81, which gives the same motion to the crosshead that a rod
of infinite length would give. By ‘‘uniformity of motion” is meant
that the crosshead reaches its highest velocity exactly at halfstroke,
and that the rate of decrease on the second half of the stroke is
exactly the reverse of the rate of increase on the first half. In this
case, the crosshead travel at any phase, measured from the begin-
ning of the stroke, is equal to the horizontally projected travel of

55
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the crank pin. Under these conditions, the crosshead is said to
have harmonic motion. For example, in Fig. 81, when the crank pin
has turned through the arc C’ D’ its projected travel is C’ D,, and the
crosshead travel is C D, which
is equal to C’ D,. Itis of some
importance to note that the
crank-pin arc F/ @ equal to D’
C’ and symmetrically placed,
will give the same crosshead
travel at F G as at C D; also
that the crosshead will travel
through exactly one-half of its
stroke while the crank pin turns
through 90°. The “infinite”
connecting rod as shown is of
T-form, and is guided so that
the head of the T is always ver-
tical. This form of rod is rarely
used because of the excessive
sliding of the crank pin or crank-
pin box in the slot of the T.
This sliding would be equal to
F1a. 81.—"INFINITE" CONNECTING RoD twice the diameter of the crank-
F1g. 82.—ORDINARY CRANK AND CON- o . .

NECTING RoD pin circle during each cycle. The
Fia. 83.—OFrseT CRANK AND ConNEcT- form is also awkward and is not

e Rop adapted for heavy work. In cases

where it is used, it is often referred to as a “Scottish yoke.”

The Common Form of Crank and Connecting Rod

137. This is simple in construction and permits of practical and
direct thrust lines, thus adapting it to all classes of work, but it
gives an irregular motion to the crosshead on the two halves of its
stroke. This irregular motion is shown in Fig. 82, where the cross-
head travel at the crank pin phase D’ is C D and is greater than
C’ D;. When the crank pin moves through the equal symmetrical
arc F’ G’ the crosshead travel is F @, which is less than F, @’ and
also less than D C. Further, when the crank pin turns through the
90 degrees C’ A E’, the crosshead moves the distance C E, which is
greater than half the stroke; and when the crank pin moves the
next 90 degrees E’ A (', the crosshead moves the distance E G,
which is less than half the stroke. This irregularity causes the cross-
head to have an unsymmetrical motion and varies the steam admis-
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sion and exhaust with respect to the engine piston on its two strokes
unless it is corrected by a balanced distortion at some other point
in the valve gear, or by specially formed valves, ete. If it were not
for the irregularity of motion in the common crank and connecting
rod, the whole subject of valve gears for reciprocating steam engines
would be very much simplified. In the purely valve-gear mechanism
itself, as distinguished from the power mechanism, this irregularity
does not count for much, as the length of the eccentric rod is usually
very long, twenty to thirty times, in comparison with the eccentric
radius. It is in the main crank and connecting rod that the trouble
arises. There the rod is usually only from four to seven times as
long as the crank, and with these proportions the crosshead travels

DISTANCE MOVED BY CROSSHEAD IN TERMS OF STROKE

FORWARD Connecting Rod Equals
STROKR
Three Crank | Four Crank Five Crank Six Crank Seven Crank
Lengths Lengths Length Length Lengths
1st 90°..... .586 .564 .550 .541 .535
2nd 90°..... .414 .436 .450 .459 .465

are quite different in the successive 90° periods, as the accompanying
table will show. This irregularity is often referred to as the effect
of the “angularity of the connecting rod.”

Offset Crank and Connecting Rod

138. If the common crank and connecting-rod mechanism is
modified so that the line of crosshead travel does not pass
through the center of the crank shaft, but to one side of it instead,
the irregularity will be still further increased. Other characteristic
actions will also follow such construction, and these, together with
the irregularity, may prove to be of special advantage in some
forms of engines, notably in single-acting steam and gas engines.
For example, in Fig. 83, the line of crosshead travel L M is offset
so as to be tangent to the crank-pin circle. In this case, the cross-
head pressure is transmitted to the crank pin with full crank leverage
and to best possible mechanical advantage when the piston is at and
near the center of its forward stroke. But on the return stroke the
average angularity of the rod is high, a maximum being reached
at I']. The side components of pressure on the crosshead guide
would also be high on the return stroke, and this renders it unsuitable
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for double-acting engines. Even with single-acting engines, where
this form of construction is used, it is customary to offset the cross-
head only one-half the crank length, or less.

139. It is important to note not only the variable crosshead
travel at the two ends of the stroke for equal symmetrical crank-
pin periods in the case illus-
trated in Fig. 83, but also the
fact that the length of the stroke
itself, L M, is longer than the
diameter of the crank-pin circle in
the ratio of 2.00 to 2.07 for a con-
necting rod whose length is four
times the crank. For longer rods
the ratio would be lower and for
shorter rods it would be higher.

The extreme points L and M
of the stroke are obtained di-
rectly by taking a radius equal to
1 plus ¢, where [ is the length of
the connecting rod and c¢ the
length of the crank arm, and A
as a center and drawing the arc
L; similarly, taking ! minus ¢ as

(Duplicates)

F1G. 81.—* INFINITB "' CONNECTING RoD

F1G. 82.—ORDINARY CRANK AND CONNECT-
ING Rop

F1G. 83.—OFFSET CRANK AND CONNECT-

a radius and A as a center, and
drawing the arc M. Upon draw-
ing lines through LA and M A
(extended) the points L’ and M’

e Rop are obtained and these are the

crank-pin positions when the

crosshead is at one end or the other of its stroke. It will now

be apparent that the crank makes more than 180° (arc L’ E’' M’)

while the crosshead goes through its forward stroke, and less than
180° (arc M’ I’ L') while it goes through the return stroke.

The greatest angle which the connecting rod makes with the
crosshead guide is I’ I E’. This is readily seen to be so when it is
considered that the connecting rod, at all phases, is a constant-
length hypothenuse of a right-angle triangle, of which the crosshead
guide line L E’ includes the altitude, and the perpendicular distance
from the crank pin to the crosshead guide line is the base. Under
these conditions the angle at the vertex will be greatest when the
base of the triangle is greatest, and the greatest base length is the
diameter of the crank-pin circle at I’ E’.
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The Eccentric and Rod

140. Although the eccentric is much different in appearance from
a common crank arm, it is the exact equivalent of it, and gives pre-
cisely the same results. A crank arm can be used only at the end
of a shaft while
the eccentric may
be placed any-
where along a
shaft, and it is
this feature that
makes it a neces-
sity in so many
places, particu-
larly in the design
of prime - mover
valve gears. An
eccentric, with its
essential parts, is
shown in full and
in section in Fig. F16. 84.—ECCENTRIC AND RoD
84. The circular ' ’
disk P Q, having D’ for its center, is the eccentric sheave. The
eccentric ring P R surrounds the sheave and the eccentric rod
UV D is fastened to the eccentric ring. With the eccentric
sheave keyed to the shaft A, and with the center line of the eccentric
rod passing through the center of the eccentric sheave, the point D’
becomes a crank-pin equivalent, and A D’ a crank equivalent.
Consequently, as D’ moves in its circular path E’, F’, etc., the ec-
centric-rod end D moves back and forth a distance C G equal to
the diameter of the circle C’ G’. The character of the motion of the
crosshead is exactly the same as with the crank and finite connecting
rod. The irregularity of motion resulting from the crank and con-
necting rod and from the eccentric and rod is sometimes neutralized,
in part at least, by adding a bent rocker, which introduces a more or
less compensating irregularity in the motions of the mechanism.

Double Rocker Arms

141. These are composed of two crank arms rigidly set at any
given angle with each other. When the angle is zero and the crank
arms are of different lengths, the rocker arms coincide and, as ordi-
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narily used, they simply increase or decrease the original motion;
when the angle is 180° the direction of motion is reversed, and
this reversal is accomplished with the same or different veloc-
ities, according to the lengths of the two arms. When the arms
are set at any other angle than 0°, 90°, 180°, or 270° the device is
known as a bent rocker, and this general case is illustrated at £ O E,
in Fig. 85. This latter case is largely used for the deliberate purpose
of introducing an irregular motion to counteract some, at least, of
the ill effects of another irregular motion, such, for example, as has
been already described under the ordinary crank and connecting rod.

142. When the rocker arms are 0° 90°, or 180° apart they

- do not change the character of motion if the links which are attached
to the two arms are symmetrically placed; if they are not so placed,
the motion will be distorted as it passes through the device. A great
variety of distorted motions may be obtained in all forms of rocker
arms by altering either the positions or lengths, or both, of the con-.
necting links. An example of symmetrically placed links is shown in
connection with the bell crank E; O E; in Fig. 87, where the center
line E, E; of the connecting link positions is perpendicular to the
center line O M of the extreme rocker-arm positions. Similarly, the
center-line position N P of the outgoing link (not shown) is perpen-
dicular to the center line O Q.

143. It should be noted in Fig. 87 that the center position E, E;
of the link E, E; is not tangent to the arc F; J3, but that it intersects
the arc in such a way that the middle point of the arc is as much to
one side of the center position as the extremities of the arc are on
the other side. This same principle is illustrated more clearly on a .
larger scale in Fig. 85, where the center line A N of the connecting-
link positions is such that M Q = CN = GP. When the con-
necting links are not symmetrically placed with respect to each
other as just described, even the 0°, 90°, and 180° rocker arms will
introduce an irregularity into the transmitted motion; and when
they are not symmetrically placed in the general case of the bent
rocker, an irregularity will be introduced in addition to the one already
referred to in paragraph 141.

144. An application of the bent rocker for rectifying the error
introduced by the ordinary crank and connecting rod is shown in
Fig. 85. It must be understood that the bent rocker is not intended
to rectify for all phases but simply for one or two important phases,
even though some of the other phases may be further distorted by -
the device. As an example, suppose that it is necessary to make
the distances C; D; and F3 G; of the crosshead stroke, Fig. 85, equal,
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or as nearly so-as possible. Draw the crank A E’ and connecting
link E’ E, attaching E to a rocker arm O E, which is set off center
by a small angle such as M O E. Draw the other arm O E; of the
bent rocker on the center line, and attach to it the follower link
E; E;. If now the positions of the mechanism for C’, D’, etc., are
marked off it will be found that the spaces C; D and F; Gs are more
nearly equal than they were .

in the ordinary crank and &% s &G £,
connecting -rod device of P~
Fig. 82, and that they ap-
proach the equality shown
by the infinite connecting
rod in Fig. 81. In obtaining
this approach to equality
of motion other features
have been sacrificed. For
example, the crosshead trav-
el is much greater during
the first 90°, C’ E’, of the
main crank, than it is dur-
ing the second 90° as may
be seen by comparing C; E;
with E; G3. The degrees of
equality and distortion ob-
tained by the use of bent
rockers must generally be
a compromise obtained by
varying the lengths and
angles of the several parts
of the mechanism.

The Vibrating Rod

145. This device is a
modification of the ordinary
connecting rod in which Fie. 85.—DouBLE BENT ROCKER ARMS
some point of the rod, not 5o STYRMMNGRD e
necessarily the extremity,
is constrained to move in some definite path, while the follower, or de-
sired motion, is taken from some other point on the rod. Two char-
acteristic cases are illustrated in Figs. 86 and 87. In both, A E’ is
the crank and E’ EE; the vibrating rod. The desired motion is
taken off at the point E, through a connecting link which is shown
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in Fig. 87 at E, E;. This link may be guided at its outer end E; by
a swinging arm, as shown in the illustration, or it may be guided by

crosshead guides in a straight line.
146. For the purpose of changing

¢,D, E, EG,

Fia. 87
(Duplicates)

F1G. 85.—DOUBLE BENT ROCKER ARMS
F1G. 86.—VIBRATING ROD
F1G. 87.—VIBRATING ROD AND BELL CRANK

at A C in Figs. 88 and 89, and the

the direction of the desired
motion which is from Fj; to
J3, a bell crank E; OE, is
introduced in Fig. 87, where
the divisions from F; to J,
are exactly the same as
those between F; and J;,
the angle between points
marked by the same letter
being 90° in each case. In
both Figs. 86 and 87, E;
F, G,, etc., is the path of the
point E.. It may be seen
from Fig. 86 that if a ver-
tical connecting rod is at-
tached to the vibrating rod
at E, it will move an object
but slightly, while E, travels
from C, to F, and that it
will give considerable motion
while E, travels from F, to
I, and back to C:; and in
Fig. 87 that the resultant
motion of E: is a fairly sym-
metrical one as compared
with Fig. 86.

The Floating Lever

147. This is a bar or
lever, usually straight, with
three rods attached at differ-
ent points. The bar is shown
rods at A P, BQ, and CR.

These latter may be described as the driving rod, the fulerum rod,
and the driven rod, according to the nature of their action. In
some applications of the floating lever, as in Fig. 88, the fulerum
and driving rods exchange offices during a single cycle of operation,
while in other applications, as in Fig. 89, the rod C R remains the

fulerum rod all of the time.
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148. The operation of the floating lever A C in -Fig. 88 is as
follows: Rod B @ moves B to B’ about A, which is temporarily held
by bar A P, C thus being driven to C’. It is assumed that all three
points of the floating lever have parallel straight-line motions for
simplicity in explanation, although in the practical lever the lengths
AC, A A’ Cy, ete., must be constant, and two of the three points
must move in curved paths. In actual construction of the rod, for
example, C R moves back and forth in a straight-line path, while the
other two bars are jointed at their far ends so as to permit the points
A and B to swing in such curved paths as may be necessary. In ordi-
nary design work these curved paths may be disregarded, especially

where the lever is long and \

the angular motion small, as ‘ Fia. 88 0 o
is usually the case. A isnext | IJ '
moved to A’ while B’ is held “ ¢
stationary, and C’ is thus

moved back to C, leaving the
bar in the position A’ C. B’
is next moved to B, while A’
is held stationary, thus driv-
ing C to Cz; and finally A’ is
moved to A about B as the
fulerum while C; moves to C
and the bar returns to its
original position 4 C.

149. The floating lever in F1G. 88.—FLOATING LEVER WITH CHANGE-
Fig. 89 uses the rod RC as a ABLE FULCRUM POINTS
fulerum all the time, the con- Fia. 89.—Fé§‘.;;ngz II.;;VER WITH SINGLE FUL-
struction being such that the
point C can be moved to and maintained in any position between
C and C’. The driving rod P A moves up and down between the
points A’ and A,, thus compelling the driven rod @ B to move up
and down between the points £ and D when the fulecrum is at C and
between the points F and B when the fulcrum is at C’.

The Link

150. This is a form of the floating lever and is generally referred
to simply as a “link” in valve-gear mechanism, and the motion it
gives as the “link motion.” It is illustrated at D J; in Fig. 90. The
link here shown is a straight one, because it simplifies the illustra-
tion, but in practice it is generally curved. It makes no difference
whether a curved or straight link is used in studying the action of
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the mechanism, except, at a later stage, a template must be made
to conform with the link, but this template, whatever its form, is
used in precisely the same manner in all cases.

A “link” has three pins attached to it, but sometimes one of the
pins is stationary. In the latter case, the link is nothing more than
a bent rocker with curved arms. The most general case of a link,
however, is one in which all
three points are movable back
and forth, as shown in Fig. 90.
In this figure the rods D’ D
and J' J;, operating the link,
are also shown, and so is the
suspension rod O P, in order
that the mechanism may be
properly studied. If the shaft
A is the driving member, it will
be seen that as it turns in the
direction shown by the arrow,
the point D of the link will be
drawn to the left, and when D’ is at F’, D will be somewhere on the
circular arc at F which has F’ for a center and D’ D for a radius.
Similarly, at the same instant, the point J; will be somewhere on
an arc passing through D,, and finally the suspension point O of
the link will be somewhere on the arc O O,, which has the point P
for its center. In general, the rods D’ D and J’ J. are eccentric
rods and are equal in length.

From the above it has been found that the three points D, J; and
O of the link will lie on the three arcs passing through F, D, and O
at the phase under consideration, and all that is necessary to do now
is to mark off the three points on the straight edge of a card or a
piece of paper, and adjust the paper so that the marked points fall
on the new arcs. When the card is so adjusted the straight line
F D; may be drawn as the position of the link at the given phase.
In the same way other positions of the link may be found and the
loci DE HC and J; D; G: H; of the extremities of the link deter-
mined.

Cams

151. Cams are largely used in valve-gear mechanisms, partic-
ularly in connection with the lifting or poppet type of valve. Cams
are useful in mechanism generally, because they will produce more
varied motion than will combinations of arms, links, ete. This is
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particularly true where there are irregular periods of rest, and where
definite varied velocities of the follower are desired.

152. An example of cam motion is shown in Fig. 91, where it is
desired to move the bar B M through the distance M N ‘while the
shaft A turns through the angle B A E, and then to move it back
again, or rather, permit it to be moved back again by a spring, while
the shaft turns through the angle £ A J. If this were all that was
required it would only be necessary to assume a distance A H, make
the distance A I equal to A H plus M N, connect the points H and
I with a smooth curve, do the same with the points I and J, and
the cam would be completed.

153. In addition to the requirements given above, it might be
desirable to have the rod B M start its stroke with uniform acceler-
ation and finish it with uniform retardation, thus giving the same
gentle action at both ends of the stroke as is given by gravity to a
falling body that starts from rest. It might also be desired that
the pressure angle between
the cam and the follower
should not exceed 30°. The
pressure angle is the angle 1 R
between the line of action J £
B N of the follower and the —
normal to the pitch surface - ) { I
of the cam, and in general J
it varies from instant to in- i/ 1 01 Ex
stant. When P is at C the
pressure angle will be B P Q,
P R corresponding to the
line of action and P @ being
the normal to the pitch surface B P E, etc. In order that this
varying angle may never exceed 30° when it is desired to move the
follower with uniform acceleration and retardation, it will be neces-
sary to compute the pitch radius A C by the following formula:

F1a. 91.—RADIAL CAM

 MNx346x360 198 M N
" 6.28 X angle C A E in degrees  Angle C A E in degrees

AC

If some other maximum pressure angle is desired, the following
values should be used instead of 3.46 in the above formula: 5.50 for
20°, 2.38 for 40° and 1.68 for 50°. The total distance M N should
be divided into two equal parts and laid off on each side of C as
at C Band C D.
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154. To obtain uniform acceleration and retardation at starting
and stopping, in this illustration, three construction points will be
used. Divide B C into three unequal parts which are to each other
as 1, 3, 5, as at B-1, 1-2, 2-C. The easiest way to do this is to divide

B (C into nine equal parts,and

then take the first, fourth,

: and ninth points. Next di-
-1 3 vide the angle C A P into

I £ three equal parts, as at A T,
— - A S,and A P, and swing the

3 § fﬂ\_'_u—"Th points 1, 2, and C about A
\\ as a center until they fall at

wd/lreis ) T, S, and P respectively.

The curve B P through these
points will then be the pitch
surface of the cam, and if a
roller of radius B H is as-
sumed and a series of arcs drawn with T, S, and P as centers, they
will serve as guides in drawing the envelope curve H I which is the
working surface of the cam. If four construction points instead
of three had been desired, B C would have been divided into sixteen
equal parts, and the first, fourth, ninth, and sixteenth points taken,
and the angle C A P would have been divided into 4 equal parts.
If six construction points had been desired, B C would have been
divided into thirty-six parts, etc. The pitch surface P E, which
gives the retardation, is constructed in ex-

actly the same manner as B P, but in the wfee

F1ag. 91 (Duplicate).—RADIAL CAM

reverse order. r_}" i

155. Another form of cam motion is | |¢| | = P’
known as the “toe-and-wiper,” illustrated S S,
in Fig. 92, where B E is the toe and B D B "T_CE
the wiper. The wiper is the driver, and as 2% |
it turns through the angle B A C’ it lifts (al/ D

the toe from B E to C D’ by a sliding ac- !

tion which results in bringing the points D

and E together at D’. Usually the lift B C

and the driving angle B A C’ are assigned. F'¢: 92—Toe-AN>-Wirer
To draw the wiper curve, revolve C to C’

and draw C’ D perpendicular to A C’. Any smooth curve tangent to
B E and C’ D will then answer for the working surface of the wiper.
Note the point D where the curve is tangent to C’ D, for this dis-
tance is the necessary length for the toe and C D’ is made equal to it.
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156. If it were desired to make the toe lift with some special
velocity, as, for example, uniform velocity, it would be necessary
to divide B C into, say, four equal parts, and to revolve the division
points to corresponding radial lines which divide the angle C A C’
into four equal parts, the operation being the same for each of the
four points as that illustrated at C C’. Then at each of the revolved
points perpendiculars similar to C’ D would be drawn and the
wiper curve would have to be tangent to each of these perpendicular
lines in turn. It very often happens, when definite velocities for
the toe are assigned, that one perpendicular is entirely cut out by
the perpendiculars on each side, and then it is impossible to draw
a smooth envelope curve to all the perpendiculars, and the problem
is then impossible, and can only be solved by permitting variable
velocity or by changing the data.

157. The mushroom cam is constructed in the same general way
as the toe-and-wiper cam, the only difference being that the driver
cam turns through a complete revolution in the former case, while
it only oscillates in the latter.

158. Wiper cams with oscillating followers are also used under
the name of “Rolling Cams” in valve-gear mechanisms, and the
method of construction is sufficiently distinct to warrant the special
illustration which is shown in Fig. 93. Let it be desired to move the
follower rod F L through the distance F G while the driver or wiper
cam turns through the angle K A K’. Draw the follower arm in
suitable. proportions, as at E D C, making the indefinite follower
surface C D H a straight one which oscillates about E. At F a
crown surface is shaped on the fol-
lower arm E C so that it will work
against the flat surface of the rod
F L. The arm A K is moved back
and forth through the arc K K’ by
the rod K J, which is usually op-
erated by an eccentric. Redraw
the follower arm with its straight
working edge in the highest posi-
tion at C’ D’ H'. Revolve E to
E; about A through an angle
equal to K'A K, and draw an
arc with E; H, as a radius. Also
draw an arc N P tangent to H’ C’ with A as a center. Draw the
line H, N’ tangent to these two arcs. Then a smooth curve C B
drawn tangent to the two lines H C and H, N’ will give the work-

F16. 93.—" ROLLING'' CaAM
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ing ccntour of the wiper cam that will lift the oscillating follower
and, through it, the follower rod F L in the desired time.

159. The above method of construction simply provides for lift-
ing the rod in the desired time independently of the lifting velocities.
If it is desired, in addition, to give F L a definite motion, as, for

“example, a uniform velocity, the distance F G would be divided into

a number of equal parts, and the corresponding positions of H C
drawn as was H’ C’. Then the arc K K’ should be divided into the
same number of equal parts if the arm A K has uniform angular
velocity; but if it is driven from an eccentric, as it usually is, the
proper eccentric circle arc must be divided into equal parts and the
division points carried through the rod J K to the'arc K K’. Then
E will be moved down successively through angles measured by the
divided arcs on K’K and the new positions of H C drawn just as the
position H: N’ was drawn. In this way there will be several inter-
mediate lines between H C and H, N’ to which the arc forming the
wiper surface must be drawn tangent. When it is so drawn it will
lift the rod R L with the desired uniform velocity. If variable lifting
velocity is desired the distance F G must be divided originally into
unequal parts depending on the desired variable velocity, as was
done in the cam shown in Fig. 91. The rest of the procedure will
then be along the same general plan as already described. It fre-
quently happens in cams of this type, as in the toe-and-wiper cam
of Fig. 91, that a smooth curve can not be drawn tangent to all the
intermediate construction lines between H C and H,; N’ when special
intermediate velocities are desired for the follower rod F L, and in
such cases sacrifices must be made in either the desired velocity or
in the form of the follower which may be curved, instead of straight
as shown at H C. If the surface C D H had been curved, its new po-
sition as at Hy N’ would have been drawn in the same general way,
using a corresponding specially formed curved template instead of
a straight edge. Whether or not there is pure rolling between the
surfaces of so-called rolling cams is often a question, and the deter-
mination of the cam curves that will give pure rolling involves a
special study of the subject. The general subject covering the
details of the construction principles on a wide variety of cams is too
comprehensive to be included in a work on valve gears, but it may
be found in a more or less complete form in some of the works
devoted solely to the subject of cams.
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. Trip Mechanisms

160. A trip mechanism which makes use of a cam projection E R

on the cam piece F G is widely used in some classes of valve gears.
It-is sufficient, in studying fundamental valve-gear mechanism, to
 consider the can piece F G, in
Fig. 94, as rigidly attached to
the bracket carrying the stem
A, although in its usual appli
cation it is free to oscillate on
the stem A and its position is
under the control of a governor.
The arm A H D oscillates freely
on the stem A through an arc
measured by D, D’, and is oper-
ated through the rod D M from
an eccentric on the engine shaft.
Swinging from the pin D on this
arm is a hook with two finger-
like extensions, one, D L, sliding
on the surface G R until it meets
the cam projection R E, when
it is turned to the left, and the F1G. 94.—TRIP MECHANISM
other finger, D K, is swung over :
80 as to disengage the catch at B. At this instant the arm A B, which
is keyed to the stem A, drops and turns the valve stem A. In order
to secure rapid falling of the arm A B a dashpot is used as repre-
sented at J J’, a partial vacuum being formed under the piston J
as it is lifted, which means that a large part of the normal atmos-
pheric pressure of about 15 pounds per square inch is available in
addition to gravity in .quickly forcing the piston down.

GOVERNORS

161. The governor is an essential part of the valve gear of all
self-governing engines and turbines, and the several fundamental
mechanisms will now be pointed out. In all cases, governors include
a movable weight or weights operated directly or indirectly from the
engine mainshaft, the centrifugal force or inertia, or both, being
resisted by a spring or by gravity, and finally balanced when the
engine reaches its normal speed.

162. Governors control the engine speed in two general ways,
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either by increasing or reducing the period of the valve opening when
they are called automatic cut-off governors, or by simply reducing
the area of the valye opening, when they are called throttling gover-
nors. All governors, however, do not act wholly in either of these
ways; some combine the features of both.

Fly-ball or Pendulum Governors

163. Governors may be grouped as fly-ball or pendulum governors
or as shaft governors. Several of the former type are shown in Figs.
95-97. In each of the illustrations the spindle A recéives a rotary
motion from the mainshaft. The governor weights C are pivoted
to arms on the rotary spindle at B, and as they fly out by centrifugal
force, pull up or press on the collar J K, which is free to move up or
down. This collar, of course, rotates at the same speed as the spindle,
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Fi1a. 96 Fia. 97
F1G8. 95~-97.—FLY-BALL GOVERNORS

but it has in it a circular groove in which fits a ring L. The ring,
however, is not permitted to turn, but it is constrained to move
only up and down with the collar, and thus it transmits a straight-
line motion to the valve through the rods D. Usually springs such
as are shown at S, or a weight represented by the collar J K and
sometimes an additional weight placed on and just above the collar,
are adjusted to balance the centrifugal force or inertia of the weights
when the engines reach the desired speed.

Shaft Governors

164. Shaft governors, showing three principles of action, are
illustrated in Figs. 98-100. A paper read by Mr. F. H. Ball before
the American Society of Mechanical Engineers (see Transactions
A.8. M. E, Vol. XVIII, page 290) shows three forces available in
shaft-governor construction, as follows:

1. Centrifugal force (Fig. 98).
2. Tangential accelerating force (Fig. 99).
3. Angular accelerating force (Fig. 100).

N
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Each of the figures represents the section of an engine flywheel to
which a weight C is attached by a pin at B. An arm B E is con-
nected to the weight arm and at the point E arod E D is attached,
which goes to and connects with the valve
stem. -

165. The action due to centrifugal force
is shown in Fig. 98. With the mechanism
in the position shown, the pin E will revolve
in the circle. E G and the valve will be moved
back and forth each cycle a distance equal
to the diameter of the circle. If the speed
of the flywheel increases, the weight C will
move out, say to C’, by centrifugal force, and ““énﬁi;,“gﬁmﬁ“
carry the pin E to E’, when the valve travel
will be reduced to the diameter of the circle E’ F. It should be
specially noted that the action due to centrifugal force depends on
the rate of rotation only.

166. The action due to tangential accelerating force is shown in

e Fig. 99. With the mechanism in the
position indicated the valve travel is
equal to the diameter of the circle E G.
Since the center of the weight C is on a
radial line through the pivot pin B, centrif-
~J. ugal force, although acting on the pin,

““" can not rotate the governor weight. But
B, O e o'~ if the engine suddenly increases in speed

the inertia of the governor weight will
cause it instantly to drop back relatively to the fly-wheel and the
point E will rotate towards E’, thus reducing the valve travel from,
say; EG to E' F. Similarly, if the engine decreases in speed the
inertia of the governor weight will carry

it forward relatively to the wheel, and E B o

will move out and increase the valve r5—=H \
travel. It should be specially noted that <@

the action due to tangential accelerating | 4 P

force depends on rate of change of rotatwn E, a

only. '

167. The action due to angular ac- F¢. 100.—ANGULAR AcCELE3-
. . . . ATING SHAFT GOVERNOR
celerating force is represented in Fig. 100. :
In this case the governor weight is a distributed, balanced mass,
neglecting the arm B E, and as the flywheel rotates this mass
tends to keep its original direction of position, and in so doing exerts
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an effort to turn on the pin B and move the point E towards E,,
and so decrease the valve travel. The greater the speed of the
engine, the greater will be the rotative effort of the balanced mass.

168. It rarely happens that any one of the above three forces
alone controls the governor action, except, perhaps, the centrifugal .
force, but in nearly all cases these three forces are combined either
deliberately or unavoidably to secure a desired valve control under
the conditions on which the engine operates. Governors in which
action of centrifugal force is not used, or is relatively small, are some-
times called inertia governors. ) '

169. With an understanding of the fundamental valves and valve-
gear mechanisms described in the preceding pages, it will be found
that practically all applied valves and valve gears consist in simple
or multiple application of these fundamental features.



-SECTION V—PRACTICAL TYPES OF VALVES FOR RECIP-
ROCATING STEAM ENGINES

180. Valves for steam engines are made in practice in many
different forms and details of construction. The live-steam pressure,
the power, the speed, the nature of the load, and structural arrange-
ments all affect the consideration of the general valve form, and some
combinations of these items permit of simple constructions, while
other combinations require more complex forms. Only a few of
the practical applications of steam-engine valves can be illustrated
in a work of this kind, and those that are shown in the following
paragraphs are selected because they are typical of other varied
forms, or because they are specially well known or widely used. In
presenting the valve illustrations, the order of ﬁ given below
“will be followed as nearly as is practicable:

Reciprocating valves,
Flat or “D” unbalanced valves, as already shown in Drafting-
Table Problems 1 and 2, paragraphs 56 and 78.

Piston valves, which are balanced by the nature of their form.

Pressure-plate valves, which are balanced by special forms of

adjustable plates, or by fixed plates and packing strips or bars.

Auxiliary, “cut-off” or “riding”’ valves, which are usually “flat”

valves built in two or more separate parts, each part being
operated by separate valve gear.

Multiple valves.

Rocking or Rotating valves.

Lifting valves.

PistoN VALVES

181. The piston valve as applied to a small, high-speed engine
is illustrated in transverse and longitudinal sectional views in Figs.
111 and 112. The valve itself V is composed of a single iron casting,
properly machined, and is the simplest forin of balanced valve, due
to the fact that the steam that enters the cored opening P exerts
its pressure radially in all directions and, therefore, does not press
the round valve against the valve-seat bushing N on any one side
or place. In some cases, small piston valves are made solid without

73
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any cored space whatever, in which case steam pressure is exerted
only on the two ends of the valve and there is no radial pressure
at all.

182. For purposes of computation the piston valve may be con-
sidered as an ordinary D-valve with its plane surface and also the
rectangular steam ports rolled into cylindrical form. The area of
the steam port is computed in the same manner as in Drafting-Table
Problem No. 1, and is usually first laid out in rectangular form, as
shown in Fig. 113. Piston valves tend to wear the original circular
opening in which they slide into a more or less oval form, and they
are not usually designed, therefore, to slide in direct contact with

F1e. 111 Fie. 112

F1gs. 111 AND 112.—TRANSBVERSE AND LONGITUDINAL SECTIONS OF PISTON VALVE,
STEAM CHEST, AND CYLINDER )

the surface of -the engine cylinder casting, but are designed to slide
on a valve-liner or bushing which may be readily replaced when
worn. Such a liner is shown at N, in Figs. 111 and 112, and in its
unrolled or rectangular form at N N in Fig. 113. Since the liner
can not be separated on the two sides of the port-width opening,
owing to the absolute necessity of preserving constant port width
and of providing retaining surfaces where loose or split packing
rings are used around the piston valve, it is necessary to allow bridges
in the liner connecting the two parts as shown at A,, A,, 4,, in Figs.
111 and 113. After the port area is computed, a width of port 4,
Figs. 112 and 113, must be selected, and the necessary free length
(A 4 A + A), Fig. 113, is then found. To this length must be added
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the distance taken by the bridges (4; + A; + A,) to determine the
total developed length N N of the valve liner. The width of the
liner should be such that the valve will slightly over-travel each
edge when in its extreme positions. The number of bridges and the
width of bridges is a matter of judgment, and where
rings are used on the valves, more bridges are used,
and they are usually placed diagonally instead of
square across the ports. The length of the de-
veloped liner is always specified as equal to its in-
fide circumference, or to the valve circumference,
when rolled up. In selecting the width of port, as
directed above, it should be noted that the greater
the selected width the smaller will be the diameter of
the piston valve and the greater will be the valve
travel and the eccentric. The developed port
openings and bridges, together with methods of
dimensioning, and notation for a practical case, are 41 4
shown in Fig. 114. The head-end liner is made 814

inches inside diameter, and the crank end liner 8 __*o- 113 De-
inches, to allow valves to be readily assembled. VALVE SEAT

183. The computation for the steam and ex-

haust port areas in the engine cylinder casting are based on steam
passing in and out of a cylindrical opening, and, therefore, the port
must pass completely around the liner. The top of the port is
shown at B, and its area may equal the top area at A, Fig. 112, al-
- though no steam is required to pass through this section. Ob-
viously the steam starting from the top will divide itself and pass

N
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F1G. 114.—PRACTICAL LAYOUT FOR PISTON VALVE

to the two sides and the port area should be an expanding one as
shown in Fig. 111, until it reaches a maximum on the section R,
where the area I J X K L must equal at least the free port area
in the liner as based on exhaust-steam flow. The width K L of
the cylinder port may be taken equal to or greater than liner port-
width, the only effect being to change the dimension I J and the
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cylinder casting proportions slightly. In Fig. 112, C is the live-
steam and D the exhaust-steam passage, and E F the steam and
G H the exhaust laps respectively. The main or engine piston is
shown at T, and the engine cylinder head at S.

184. The principal advantages of the piston valve are: First,
that it is balanced, except for its weight; second, that the valves are
at the ends of the cylinder, giving short steam ports, and thus mini-
mizing condensation; third, that when used on the high-pressure
cylinders of multiple-expansion engines, steam may be admitted
from the inside, or center, and exhausted on the outside of the
valve, thus keeping the high pressure and temperature of the live
steam away from the stuffing-box. When so used D, Fig. 112, would
become the live-steam, and C the exhaust-steam openings; H G
would be the steam lap, and E F the exhaust lap.

The disadvantages are: First, in solid piston valves that the
valve is apt to bind on the sleeve if a too tight fit is made, especially
when starting up the engine, due to unequal expansion of the valve
and valve casing; and if too loose, steam will leak through. Deli-
cate designing and machining, both as to sizes and forms of valve
and cylinder casing, are essential. Second, piston valves do not
permit of relief from compression due to water that may be trapped
in the engine cylinder, as do flat valves which are usually designed
to lift from the valve seat if necessary. Relief in such cases can
only be obtained by leakage past the valve or by equipping the
cylinder with a special relief valve. Third, wear in the valve seat
produces an oval casing, allowing leakage, but such wear may be
provided against by supporting the piston valve at the two ends,

instead of at the valve stem

: g stuffing-box only, which latter
F is the common method.
185. A solid piston valve
E|GP B [N il with separate live- and exhaust-

2 Ny steain ports as used on the
“Ideal” engine, is shown in
Fig. 115. The engine piston is
shown on dead-center head-end
at G and the valve is in the corresponding position, showing the
live-steam port openings A A’ in the valve liner to be uncovered
by a small amount equal to the lead. Steam is admitted inter-
nally, the steam pipe being indicated at F. The exhaust port is
shown quite fully open at D D', the exhaust pipe being beyond E.

186. Piston valves may be single- or double-ported, the same as

F1a. 115.—“IDEAL" SOLID PISTON VALVE
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flat valves. Fig. 116 shows a solid type of piston valve with double
admission ports similar to the Allen valve. It will be noted how
the steam-chest walls at A and B are cored to facilitate uniform
heating and cooling of the
valve, valve liner, and ad-
jacent steam-chest wall.
187. When packing rings
are used on piston valves to
keep them tight, spring rings
or adjustable rings are em-
ployed. Spring rings such
as are shown by the small
black square spots in Fig. 123 must necessarily be thin, and have
a small pressure on the valve-seat to avoid excessive friction and
wear, and they are liable to break, not only during service, but
when being expanded to snap into place. Adjustable packing rings,
which are set to any one position or diameter, must be carefully
handled, or they will bind and strip the valve gear. When spring or
adjustable packing rings are used, the steam and exhaust laps are
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F1G. 116.—DOUBLE ADMISSION PISTON VALVE
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F1G8. 117 AND 118.—LONGITUDINAL SECTION AND END VIEW OF “IDEAL’ PISTON
VALVE WITH ADJUSTABLE PACKING RINGS

measured from the edges of the ring, or rings, to the edges of the port,
instead of from the edges of the valve casting.

188. A piston valve with adjustable rings is shown in Figs. 117
and 118. It is one of the types used on the “Ideal” engine. The
adjustable rings A and A’ are turned accurately to the bore of the
bushing and then split across to permit of expansion when the head
B B’ is turned, so that the cam surfaces between B’ and C’ press
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radially on the shoes E, and these in turn on the rings A. Holes
for a spanner wrench are drilled in B, but are omitted in the
illustration.

189. Another type of piston valve with double ports and adjust-
able packing ring as used on the Fitchburg engine is shown in Fig.
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F1G6. 119.—“FITCHBURG'' DOUBLE-PORTED ADJUSTABLE PISTON VALVE

119. Four of these valves are used on the engine, the two live-steam
valves being operated by cam wrist plates, as shown at A and B in
Fig. 120, and the two exhaust valves which are solid, by a separate
eccentric. The live-steam valve for the head-end port is shown in
detail in Fig. 119, and diagrammatically at C, in Fig. 120. The
exhaust valve is shown at D. The action of the valve and method
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FG. 120.—CAM WRIST PLATES OPERATING ‘‘FITCHBURG'' VALVE

of adjustment will be apparent on inspecting Fig. 119, it being spe-
cially pointed out that the cone B has a small clearance at the right-
hand end and may be adjusted and locked in any position by releasing
the tension bolts D D and tightening the compression bolts E E
against the lugs C of the cone. The expansible ring A A, with its

el
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two parts joined by radial ribs, not shown, is split on a line parallel
with the piston rod, and junction strips are set crosswise to keep
the steam from passing through.

190. A special form of piston valve known as the ‘American
semi-plug piston valve”’ is manufactured by the American Balance
Valve Company. This semi-plug valve is designed with a view to
avoiding the objections to the solid plug valve, which upon wear
becomes leaky, and also to the snap-ring piston valve, which, with
the natural radial pressures of the rings, generally unequal in differ-
ent radial directions, tends to wear the valve seat unequally.

A detail section of the semi-plug piston valve is illustrated in
Fig. 121 and a reduced illustration of its mounting is shown in Fig.
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F1G. 121.—DETAIL SECTION OF ‘SEMI-PLUG’ PISTON VALVE

122. The principle on which the valve is constructed is to obtain
automatically by means of live steam acting against a series of
wedges a sufficient contact pressure between the packing rings and
the valve cage or liner, and then to lock the wedges and packing rings
in position, which position will be maintained so long as steam is
passing through the engine. When steam is shut off, the wedges and
rings are designed to unlock because of lack of steam pressure, and
when the steam is again admitted to the steam chest the rings again
adjust and lock themselves, thus automatically taking up small
amounts of wear as the wear occurs.

191. The construction of the valve is as follows: A and A, are
snap rings containing a groove into which a ‘“wide” ring B inter-
locks. All three parts are split across and are all under the same
initial tension and, therefore, all three expand or contract as one
piece. C and C; are “wall” rings, and are solid, while D is a wedge
ring and is split across and put in place under compression. The
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particular valve shown is for internal admission, and the proportions
of the several parts are planned to take advantage of the velocity
of the steam through the small passageways at E to insure a steam-
tight joint between the snap rings and the “cage’’ or valve liner, and
to expand the wedge ring which in turn locks, by friction, the snap
rings against the radial sides of the “spool” at F and the “follower”
at G. The angle between A and C is sinall and specially designed to
prevent contraction and excessive expansion of the rings A and 4;;
and it is large between C and D to obtain a strong wedge or locking
action at F and G. The valve liners, or cages, are shown at H and
H, in Fig. 122, and the valve-stem extension and its bearing which
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F1a. 122.—“SEMI-PLUG’’ PISTON VALVE

constitute an essential feature of this type of valve construction, on
account of its self-adjusting features, are shown at L. It should be
stated here that if this latter feature of construction were involved
in all sliding surfaces, the wear would be much less, and what wear
there was would be more uniform; and where leakage of gas or liquid
is concerned the loss from this source would be less. When high
steam pressures are met with in any form of design of valve, this
support at both ends is practically an essential feature for good
work. For low steam pressures, it is not so necessary, although it
is generally advisable, especially on large sizes. This will be appar-
ent when it is considered that a valve which is supported by a valve
stem at the stuffing box only, will sag and wear more rapidly at both
the valve seat and stuffing box. The “semi-plug piston valve” is
designed to afford relief of air when the engine is “drifting,” by
reason of the air passing through the rings and out of the holes E
into the interior of the steam chest.

192. Fig. 123 shows a single piston valve controlling both the
high- and low-pressure pistons of a compound engine as applied to
the Vauclain compound locomotive manufactured at the Baldwin
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Locomotive Works, Philadelphia, Pa. Both pistons move in the
same direction at the same time, and are secured, through their rods,
to the same crosshead. Live steam enters the steam chest at A, 4,
and passes, at the phase shown in the illustration, through the head-
end port to the high-
pressure cylinder. The
exhaust steam from the
high-pressure cylinder
is flowing in the di-
rection of the arrows
through the hollow
center B of the piston-
valve body to the head
end of the low-pressure
cylinder. The exhaust
from the low-pressure
cylinder passes out
through the exhaust
port C to the smoke
stack. For the sake of
clearness, this illustra-
tion is distorted to the
extent that the center
line of the steam chest
and valve is shown in
the plane of the center
lines of the two cylin-
ders, whereas, to save space in locomotive construction, it is placed
back of this plane. It will be noted that the valve is really two
piston valves combined, one formed by the outer rings marked D D,
controlling the high-pressure and the other formed by the inner
rings marked E E, controlling the low-pressure cylinder.

F1G6. 123.—VAUCLAIN LOCOMOTIVE PISTON VALVE

BALANCED VALVES

193. Piston valves, as already explained, are, from the nature of
their form, balanced valves, except for their own weight. Live steam
does not press the piston valve against the valve seat to produce
high friction values while sliding back and forth.  The lifting or
poppet valve may be balanced by using two flat disks as at A and B,
Fig. 249, or as at V V in Fig. 252. With two such disks the steam
pressure is the same on the two ends of the valve, and it is, therefore,
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entirely balanced if both disks are the same size. On account of
structural difficulties, however, it is the practice in ordinary steam-
engine work to make one disk slightly smaller than the other, 4
being smaller than B in Fig. 249, so that it may pass through the
opening at B on assembling the engine.

PRESSURE-PLATE VALVES

194. The same advantage of balanced pressure that is inherent
in the piston valve may be largely obtained for the flat sliding valve
if additional structural features are added to the simple cases al-
ready described. The principal structural feature required is a

pressure plate which rests

R 8’ against the flattened top or
§ peATT— ) back of the flat valve and ex-
3 L, B cludes the live steam from all
g, © A’ or part of the top of the valve,
£ ¥ E thus leaving in completely bal-
e o~l| T anced valves only a sliding fric-
A , — tional loss due to the weight of

F : H' the valve itself. Such valve con-

structions are shown in Figs.
124 to 131.

195. That all valves are not
completely balanced is shown
in Fig. 124, where C is the

Fio. 124 Frcen Tres or Pressonp. | PTESSUTe plate, and A and B
) PLATE VALVE (4’, B, P', Q') are packing
strips which are pressed upward

against the plate by springs in the bottom of the groove in the valve.
Assume the engine about to start with atmospheric pressure in the
main cylinder and the live steam just admitted to the steam chest
N. Then the rectangular area between the strips A and B (A’ B’
P’ Q') is also at atmospheric pressure, being open to exhaust
through the opening L, and the total pressure of the valve on
the valve seat is the steam pressure on the unbalanced area
represented by F H minus EG (F'R' S’ H' minus A’ P’ B’ Q)
plus the weight of the valve itself. When the valve moves
from its central position and H passes K the steam in the steam
chest rushes into the port J K and produces an upward pressure
tending to lift the valve, and it would lift it if it were not for the
unbalanced pressure originally allowed for and described above.
This particular example represents the type of balanced valve in
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which pressure strips or bars, or pressure rings are used. Springs are
generally used under the pressure strips to hold them up to the solid
pressure plate against which they slide. A compensating advantage
for this partially unbalanced condition is that water in the cylinder
may escape when it is compressed to a pressure greater than the
unbalanced pressure, whereas a more perfectly balanced valve that
does not use the pressure strips but uses a solid flat pressure plate
must have some special construction such as spring pressure on the
plate or a relief valve to take care of water that has settled in the
eylinder due to condensation of the steam, or that has been entrained
with the steam carried over from the boiler.

196. There are three general methods of balancing flat valves
by pressure plates. These are the:

(a) Fixed pressure plate, Fig. 124.

(b) Adjustable pressure plate, Fig, 125.

(c) Flexible pressure plate, Fig. 126.

197. The fixed pressure plate C, Fig. 124, may be an integral
part of the steam chest cover D, or it may be braced between the
cover and the valve seat asat A A in Fig. 127. In the former case
there is no provision for wear except through the introduction of
bars as shown at A and B in Fig. 124. The springs in the grooves
will press these bars out as wear occurs at the valve seat. The
opening at L permits any live steam that may leak past the bars
to escape directly into the exhaust. Instead of four bars, a circular
band is sometimes used in a circular groove.

198. The adjustable pressure-plate valve is illustrated in Fig. 125.
Steam is prevented from
acting on the top of the
valve by means of the ad-
justable plate shown in
the background at BCE
F, which is bounded on
the top by the inclined
plane B C and moved or
adjusted by the rod A. F1G. 125.—ADJUSTABLE TYPE OF PRESSURE-
This® incidentally shows a PLATE VALVE
type of double - ported
valve, similar to the Allen valve, there being a cored passageway
(not shown, except as indicated by arrows) from one side of the
valve to the other.

199. The flexible pressure-plate valve is illustrated in Fig. 126.
Steam is prevented from acting on the top of the valve by means
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of the flexible plate A4, of steel or other elastic metal so designed as
to allow the steam pressure in the steam chest to force the bands
D and E down on the top of the valve with only sufficient pressure
to prevent leakage. '

200. In Fig. 127 the pressure plate A A is of the fixed type, al-
though it is not integral with any part of the steam-chest surfaces.
It is braced in a fixed position by
means of distance blocks between
AA and BB on one side and
screws which fit in the steam-
chest cover on the other side.
Neither the screws nor the dis-
tance blocks are shown in Fig.
127. The latter are slightly longer
(say .002 inch) than the height C D of the valve, so that the valve
may slide freely back and forth between the pressure plate and
valve seat and still not allow steam pressure to accumulate on the
back of the valve. In this construction, the valve is simply one
solid piece of material and no springs or bars are needed to keep
the steam pressure from the top or back of the valve. In construc-
tions of this kind, the valve should be made as thin as possible, and
the distance pieces be exposed to the steam the same as the valve,
so that the expansion of the valve, especially on starting the engine,
will not cause it to stick or bind between the valve seat and pres-
sure plate. In the valve illustrated in Fig. 127 tongue plates are
provided at E E for protecting the finished pressure-plate surfaces
F F from the cutting action of the exhaust steam. Should ex-

F16. 126.—FLEXIBLE TYPE OF PREs-
SURE-PLATE VALVE
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FIG. 127.—'  STRAIGHT-LINE'' PRESSURE-PLATE VALVE

cessive wear take place between the valve and the valve seat, the
distance blocks may be taken out and slightly shortened. The
valve shown in Fig. 127 is double-ported and is the latest type
as used on the well-known “Straight-Line’’ engine designed by
Professor Sweet.

e ———— e —
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201. In the fixed type of pressure-plate valve, live steam, instead
of springs, is sometimes relied upon to supply the pressure under
the bars as described in connection with Fig. 124, the live steam being
admitted through small openings bored in the body of the valve to
the under side of the bars. The bars themselves are sometimes
enlarged upon and developed to such an extent as to be unrecog-
nizable as bars, they having cut-off and exhaust edges and controlling
the steam the same as the original part of the valve. Such types
are shown in Figs. 128 and 129, the former being known as the
Ball telescopic valve, manufactured by the American Engine Com-
pany, Bound Brook, N. J., and the latter as the flat balanced expand-
" ing valve manufactured by the Skinner Engine Company, Erie, Pa.

202. The Ball valve has two rectangular faces and a cylindrical
body, the live steam being admitted through the inside, and the

t
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F1G. 128.—BALL TELESCOPE VALVE

exhaust steam passing around the outside edges. For the sake of
illustrating the action of this valve in one view the details of con-
- struction in the drawing are made different from those on the engine
itself. 'The live- and exhaust-steamn paths may be readily traced in
Fig. 128. On the engine, which is a horizontal one, the steam chest
is on the side of the cylinder and the valve seats H K and F G are
horizontal. Live steam enters from the top and exhaust steam passes
out from the bottom of the steam chest. This form of construction,
although necessitating steam ports which are more tortuous than
those shown in ‘the illustration, gives double steam-admission and
double exhaust ports and makes the valve in reality a ‘“double-
ported” valve with its small valve travel and without the extra
. passageway in the valve. '
203. The flat balanced valve shown in Fig. 129 is entirely rectan-
gular and made in two parts with alternate rectangular bars and
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grooves cut parallel to the port and nearly across the entire width

of the valve. The depth of the grooves is a little greater than the

height of the bars, so that when fitted together there is room for the

live steam to flow in. The pressure thus exerted at the twelve spaces

similar to the three shown in the upper left half of the Figure at D,

forces one-half of the valve against the valve seat H, and the other

half against the face of the steam-chest cover K. In the position

shown, the first space, counting from either side, exercises the ex-

panding pressure. As soon

as the valve opens to live

steam, spaces two and three

receive full balancing pres-

sure. When the valve

closes for -compression, the

fourth and fifth spaces are

Fie. 120.—SKINNER PrEssure-Prate Vawve Subjected to compression

pressure. The sixth space

always has the same pressure as the exhaust. The end areas of the

valve are so proportioned that the live-steam pressure keeps the two

parts of the valve steam tight at E. The valve is double-ported,
both for live and exhaust steam.

The spring at the center of the valve is designed to hold the two
parts in correct initial position before the steam pressure is applied.
The part of the valve marked with the letters G and F is an L-shaped
hook in which the end of the valve stem engages.

204. A special form of balanced valve designed for high pressure
manufactured by the American Balance Valve Company, and known
as the “Jack Wilson High Pressure Slide Valve,” is shown in Figs.
130 and 131. Its characteristic features are that it is indirectly
balanced through a valve plate P P, and that the area from which
the steam pressure is excluded varies with the position of the valve.

205. The valve plate P P is a “floating” plate resting on the
valve F, F, and receiving steam pressure constantly from the upper
side through the openings shown by dotted lines, on the strips W, W,
and intermittently, as explained below on the strips Vi V.. The
floating plate is held square in the steam chest by wings or projec-
tions, R S, etc., which fit against shoulders on the steam-chest walls.
at the four corners. The: inside packing or port strips V; V, inter-
lock with the cross or end strips at U, and these in turn interlock
with the main packing strips Wi W.. The entire packing, thus held
together, is prevented from falling out by the set screws @, @. which
enter recessed spots in the main strips W, W,. The valve itself is
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double-ported for both live and exhaust steam, the valve port G,
acting with the edge F, when admitting, and the port H, acting with
the edge Z when exhausting steam.

206. When the valve is on center, live-steam pressure is excluded
from the area A (Fig. 131) multiplied by 2 C (Fig. 130), and the
pressure of the valve on the valve seat is that due to the unbalanced
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F1Gs. 130 AND 131.—“JACK WILSON"' PRESSURE-PLATE VALVE FOR HIGH PRESSURES

area represented by F; F; minus A. When the valve moves to the
left sufficiently to open the ports M, and I,, steam passes up through
L and J to the back of the balance bar V; and the pressure over the
newly exposed area on the under side of the floating plate is balanced
by the pressure in the area represented by Bi;. Thus there is no ten-
dency to lift the plate or the valve, and this construction enables the
manufacturers to give a much larger balance area when the valve is
in its central position and loaded the heaviest, than is possible in the
ordinary forms of balanced flat valves where balance strips are used.
The inner balance bars V; V, run along only the two sides of the
valve and terminate at the end bars as shown at U in Fig. 130.
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207. Before leaving the subject of balanced valves, it should be
added that the cylindrical valve known as the Corliss valve, although
not a balanced valve in the sense that those just considered are
balanced, is, nevertheless, largely balanced in effect. Balancing, it
will be recalled, is a device for relieving steam pressure on the top or
back of a valve, and so reducing friction. Friction always includes
motion, and if a valve can be made to operate so as to have little or
no motion when the steam acts on one side only of the valve, it has,
so far as wear is concerned, largely the same advantage as the bal-
anced valve. This is the case with the cylindrical Corliss valve
which operates with an automatic dashpot release which permits
the valve to remain stationary on its seat for a large part of the
time during which the live steam port at one end of the cylinder is
closed. When this steam port is open the valve is moving fastest
and through its greatest distances, but then the live-steam pressure
exists to a large extent on both sides of the valve, thus producing par-
tial balancing in the ordinary way during this period of the valve’s
motion. The greatest difficulty in balancing the Corliss valves arises
in connection with the exhaust valve. The Corliss valve will be
further considered in connection with the Corliss valve gear in a
later part of the book.

AuxiLiARY OR Cut-oFF, AND RiDING VALVES

208. In all of the valves thus far considered, the same edge of
the valve is used to control both admission and cut-off, regardless of
the form of the valve or of the number of parts of which it is made.
In all of these valves, then, it may be observed that any change in
the point of cut-off will involve a change in the point of admission,
and while the former change will be a desirable one, the latter may
not be, as it may affect the lead and the amount of compression.
The group of valves now to be taken up are variously referred to as
auxiliary, cut-off, and riding valves. They consist of a regular or
main valve which attends to admission, release, and compression,
while a separate auxiliary valve attends only to cut-off. Such aux-
iliary valves are most generally found in three distinct forms of con-
struction under the original names respectively of:

(a) Gonzenbach valve, Fig. 132,

(b) Polonceau valve, Fig. 134.

(¢) Meyer valve, Fig. 135.

In each of these three designs the lower valve, or one nearest the
cylinder, is called the “main” or ‘“distribution’’ valve. The upper
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valve is called the “auxiliary” or “cut-off”’ valve, and sometimes,
when it slides directly on the top or back of the main valve, it is
referred to as the “riding” valve. The passageways through the
seat in Fig. 132, and through the main valves in Figs. 134 and 135,
are called the “auxiliary ports.”” The two parts of the complete
valve are usually operated by independent gears.

The advantage of valves of this type is that the cut-off may be
varied without affecting the other events of the stroke.

GoONzZENBACH VALVE

209. The Gonzenbach valve has two separate steam chests, S
and T, Fig. 132. The partition C has a rectangular, port-shaped
opening D.

210. The Zeuner diagram for the Gonzenbach valve may be
constructed as follows: In Fig. 133 let EF’ O F and G O G’ be the
Zeuner circles, and O F and O G the outside or steam laps of the
main valve. The exhaust construction for this type of valve is
treated entirely in the same way as the diagram for the plain D-valve,
and is therefore omitted here. The angle of advance for the main
valve may be assumed to be a.

Let O H be the half-travel, b the angle of advance, which is
negative (subtracted from 90°) for the auwiliary part in this
type of valve, and H K O L the Zeuner circle for the auxiliary valve.

Then for the crank position O I the main valve is off center a
distance = O J, and the auxiliary valve is off center a distance =
O K. In Fig. 132 it may be seen that when the left-hand edge of
the opening E reaches the right-
hand edge of the opening D, the
main steam chest T is closed, and
live steam is cut off from the cyl-
inder even if the main port F is
still open. When the opening of
the port D becomes zero, the
auxiliary valve is off center a
distance = 14 E + 14 D; this dis-
tance is usually designated by S,
and is represented in Fig. 133 by the radius O L of the arc L M.
Then the auxiliary valve covers the passageway D, while the
crank is going from O N to O P, and opens it at O P just before
the main valve opens the main port at the crank position O Q on
the return stroke.

F1G. 132.—GONZENBACH CUT-OFF VALVE
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211. In this type of valve, then, the opening of the auxiliary
port must always occur after the main port closes on one end (closes
at O F R), and before it opens on the other (opens at O G Q). There-
fore O P must always come between the crank positions O B and
0Q. If L E + ¥4 D is made equal to O H, O P will fall on OR
and the cut-off and main valves will both close at the same time.
In this case, the half valve travel of the auxiliary is just equal to
14 E + Y4 D and the auxiliary port will be closed for an instant

F1g. 133.—ZEUNER DIAGRAM FOR GONZENBACH TYPE OF CUT-OFF VALVE

only. If WE+ 1D =0T, OP will fall on O @, and auxiliary
cut-off will take place at O I, and the auxiliary port will be closed
while the crank is turning from OI to O Q. The cut-off ‘there-
fore is limited between the crank positions O and O R, and S
may have any value between O K and O H.

Should a valve gear, constructed so that Y E+ ¥4 D =07,
have its angle of advance reduced from b to zero, auxiliary cut-off
would take place earlier at O W, and auxiliary port-opening would
occur at O V; before the main port had closed at O R. Therefore
steam would be admitted twice on one stroke, illustrating the inad-
visability of altering angle of advance without previously determin-
ing, by means of a valve diagram, what the effect would be.
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212. In laying out a valve of this kind, the area of the main port
F, Fig. 132, should be calculated the same as in the plain D-valve;
the area of the auxiliary port D (or ports, as there are sometimes
two or more) should be made slightly larger than the area of the
steam-port opening, and the area of the opening at E in the cut-off
valve, or block, should be slightly greater than at D, depending
on the desired range of cut-off, etc., as found from the Zeuner diagram.
When the valve is on center the point G of the cut-off valve may be
located a distance from the right-hand edge of D = 14 travel of valve
+ 14 inch, so that G will never overtravel the port and allow steam
to enter at the wrong time.

213. In the Polonceau and Meyer valves the auxiliary parts slide
on the top of the main block, and both are inclosed in the same
steam chest.

PoLoNcEAU VALVE

214. This valve is made in two parts, A and B, as shown in
Fig. 134. The main valve A is laid out as an ordinary D-valve.
The cut-off block or auxiliary valve B is solid and slides on A.
The motion of B is designed so that it will close the passageway C
at any desired point after C has opened to E.

215. The angular advance of the auxiliary block is made large,
in some cases as much as 90°. Then for half cut-off the
eccentric (180° ahead of the crank) is moving with its maxi-
mum velocity. Inasmuch as the use of this valve is limited by its
range of cut-off, it is not necessary to follow through the diagram, as
its application contains nothing that is not given in the Gonzenbach
or Meyer diagram. The former has been explained, and the latter

F1G. 134.—POLONCEAU RIDING VALVE F1Gc. 135.—MEYER CUT-OFF VALVE

will be in the further instructions given in connection with Draft-
ing-Table Problem No. 3, paragraph 218.

Regarding the dimensions of this valve, it should be noted that
the passageways C and D should be equal to or slightly larger than
the ports E and F to allow for friction of flow of steam, it being
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kept in mind that the passageways C and D are computed for live
steam and the ports E and F for exhaust steam. If, therefore, C and
D are made equal in width to E or F there will be some allowance for
friction of flow through the passageway. If greater allowance is
desired, C and D may be made still wider. The length of the block
B should be such that its left-hand edge never passes the left-hand
edge of D. Therefore, length of B = greatest distance the main
and auxiliary valve center lines ever get apart — (S — width of D)
+ 34 inch, or, B=Y — S+ D 4+ 4. In order to obtain smooth
wear the edges of B must overtravel the edges of A.

MEYER VALVE

216. In the Meyer valve the main part is designed in a manner
similar to that of the plain D-valve, while the cut-off device consists
of two blocks, as shown in Fig. 135. These blocks are adjustable
through a right and left screw, while the engine is in motion. Thus
the point of cut-off may be made to occur at any point in the stroke
up to cut-off by the main valve, which is designed to take place near
the end of the stroke. The notes for Drafting-Table Problem No. 4,
which consists in laying out a complete design from assigned data,
give a full explanation of the working of the valve and of the laying
out of the valve diagram, which requires additional construction
work not met with in previous problems.

217. A very exhaustive treatise on the subject of auxiliary valves
may be found in Zeuner’s “Treatise on Valve Gears,” pages 159 to
219.

DRAFTING-TABLE ProBLEM No. 3.—Do0UBLE-PORTED VALVE

218. To design a double-ported valve. Data here given are the
same as for the low-pressure cylinder of the series of U. S. Battle-
ships Nos. 13 to 17:

Bore = 66 inches. Stroke = 48 inches. Revolutions = 120.,
Cut-off for top or head end = 0.784 of stroke.
“ “ bottom =0.715 “

Lengths of port = 6214 inches.
Exhaust release for top or head end = 3§} inches.

“ “ ¢ bottom = 57% inches.
Velocity of entering steam = 175.1 feet per second.

“° “ exhaust “ = 125 [ “ “
Steam lead, top = 4} inch for each half of port.
Length of connecting rod = 96 inches. Width of bridge = 2 inches.
Diameter of valve rod through valve = 2% inches.
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Method of Computation When More Than One Port ts Used

219. 1. For the double-ported valve each steam port in the valve
seat is divided into two parts (m n and s ¢, Fig. 136, for port T),
so that each part supplies a port passage with one-half the total
amount of steam flowing into the cylinder. The exhaust port Q is
made single, being the same as for a plain D-valve. The arrange-
ment of the ports and passages is shown in Fig. 136.

2. As in the Allen valve, only one-half the steam-port opening
need be taken into account in constructing the valve diagram, since
the inner port, which gives the other half of the full port opening,
is uncovered at the same time that the outside port is opened.

3. Calculate the area of the steam-port opening for one end of
the cylinder, considering the velocity of the inflowing steam as given
in the data for the problem. (In triple-expansion marine work it is
common to assume the steam velocity for low-pressure “cylinder
from 6,000 to 12,000 feet per minute). Take ogg-half of this area as
the required area to be opened at each port. Divide this by the
net length of the ports to obtain the amount which the valve is to
uncover the ports for inlet steam. With this port opening, the proper
lead, and the cut-off, construct the Zeuner diagram. In this prob-
lem, and in all others where the lead is large, it is better to use the
formula on page 16 in finding the steam lap, than it is to experi-
ment with the trial-and-error method.

The Zeuner diagram will show data for a valve having half the
travel of that of the plain D-valve with the same effective open-
ing, lead, and point of cut-off. In this respect, the Allen valve has
the same advantage as the double-ported valve, but the Allen
valve can only be used with a direct-connected eccentric when the
points of cut-off are earlier than 24 stroke; the double-ported may be
designed for a broader range of cut-off, but it has, however, a greater
area on which the unbalanced steam pressure can act. This disad-
vantage may be overcome by balancing the valve as shown in Figs.
136 and 137 by packing rings (as, for example, at E), which are kept
firmly against the steam-chest cover H, by means of springs, thus
excluding steam pressure from the space G. After the Zeuner dia-
gram is completed for both ends, the various dimensions for the valve
are found by the following rules, most of which may be verified by
tracing the valve seat J, Fig. 136, on the edge of a piece of paper
and moving the paper the amount of the valve travel:

4. The minimum width of bridge (k! and 7 j) must be such that,
for example, the point g of the valve will not under any circumstances
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come closer than 14 inch to j of the valve seat. It may be found

by the following formula:

Minimum steam lap 4 port width + minimum bridge width =

half valve travel + 14 inch.

If the result should be a negative quantity, or less than the
thickness of the cylinder wall (in this problem, 2 inches), discard it,
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F1G. 136.—LONGITUDINAL SECTION, DOUBLE-PORTED VALVE

F1G. 137.—TRANSVERSE SECTION, DOUBLE-PORTED VALVE

and make the bridge width equal to the cylinder-wall thickness to
help insure a sound casting.
5. Find the width of the exhaust port j k, which must be such

that when the valve is in its extreme position there shall be an open-

ing at least equal to the total steam-port width for one side of the
cylinder. This may be found by the following formula:
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Width of exhaust port = 14 travel of the valve 4+ maximum
exhaust lap + total width of steam ports for one end — width of
bridge.

6. f g = steam-port opening head end; and op = steam-port
opening crank end.

7. The thickness p ¢ or e f, Fig. 136, depends entirely on practical
considerations. It is a part of the partition wall, and must be thick
enough to give a good casting, and to allow facing. In the present
design make it 114 inches.

8. The length of that part of the valveseat (n s and z h, Fig. 136)
between the two inlet ports on each end must be such that the
point g does not overtravel s, also such that e does not overtravel z.
The proper length is determined by the following formula, using
values from the head end of the Zeuner diagram when computing
2 h, and from the crank end when computing = s:

Steam lap + opening of port + p g+ 14 travel of valve.

9. The width of the exhaust passage d e and g r through the valve,
Fig. 136, will, according to the previous paragraph, be equal to 14
travel minus exhaust lap (according to end for which computation
is being made). Should this give values to d e or ¢ r less than cz,
it will be necessary to lengthen n s and z h arbitrarily. This can only
happen when port width plus exhaust lap is greater than half-valve
travel and will rarely, if ever, occur.

10. The ports s ¢, mn, h%, and ¢z are made equal.

11. The maximum distance for a ¢ or ¢v should equal such an
amount that the points b or » will overtravel the edge, but not so
small that the points d or r will overtravel.

Computation for Steam Passageway in the Valve Body

12. The steam supplied to the inner steam ports fg and o p of
the valve is conducted through conical pipes from the sides of the
valve which are shown at K K in Figs. 136 and 137. The form of a
cross-section of these pipes is shown in Fig. 136. The area of a cross-
section of the pipe at y w, Fig. 137, equals the area of the steam-port
opening from w to z, less the area of two supporting ribs S S, w and
y being located by trial and error to satisfy this condition. With the
point y determined, the slanting lines of the top of the pipe might be
drawn directly to z, as the left-hand pipe is not required to feed the
right half of the port. It is often drawn from y tangent to the valve-
stem casing, as shown in Fig. 137. Make the slope of the side of the
valve from P about 45 degrees.

13. The right half of Fig. 137 shows a section through the valve
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at the center, and the left half a section at A B through one of the
‘““conical steam passageways” or “pipes,”’ as they are called.

14. It now remains to make the sum of the two upper areas L L
in Fig. 137 equal to the area of one of the steam ports at one end of
the cylinder. This is equal to ¢ z X length of port. This is most
easily accomplished by considering the areas as made up of approx-
imate triangles.

15. Make out a table as follows, and enter the results of the cal-

culations therein:
Top or Bottom or
head end crank end

Eccentricity. . ...........ooi i
Travelof valve. .. ................... ..o

Cut-off,inches. . ............coiiiiiiiinnninann..
Cut~off, per cent of stroke........................
Exhaust release ininches.........................
Exhaust release, per cent of stroke.................
Compression, inches. . ...........................

Area of E’ximust Passageway n Cylinder

16. The drawing is to be completed as shown in Figs. 136 and
137. Place the Zeuner diagram and table of results on one sheet,
and the valve drawings on another. The principal dimensions for
such parts as are not calculated will be found on the sketch. The
openings O O are merely cored out to save weight, and have nothing
to do with the working of the valve. In many cases this part of
the valve seat is cast solid.

17. The area of the exhaust port Q, in this case, is made less than
the area of the combined steam ports of one end. This allowance
is due to the fact that the section is customarily shown in a central
plane, and therefore only about half of the exhaust steam has to
pass through the section. In this case the area Q is about 0.7 of the
area of the ports. Immediately beyond the section @ the exhaust

* Enter the words “full port” unless the exhaust opening is less than the
width of the port.
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passageway enlarges, due to the curvature of the cylinder wall, and
is ample to conduct the steam to the exhaust pipe, represented by
the dotted circle with a 1214-inch radius.

18. In Fig. 137, the length of the port is shown as 6714 inches
instead of 6214 inches, as given in data. This increase is made
necessary by the four 124-inch supporting ribs shown at S.

DRAFTING-TABLE ProBLEM No. 4.—MEYER CuT-OFF VALVE

220. 1. In the Meyer valve the upper or auxiliary part is made in
two pieces, as indicated in Fig. 140 by R and P, and the cut-off may
be varied at will while the engine is in motion, by moving the two
pieces nearer together, or farther apart, by means of the hand wheel
O, shown in Fig. 140. The top view of the main valve, which in this
case is divided into two connected portions, is shown in Fig. 139.

2. The present problem consists in designing a Meyer valve for
a steam air-compressor of the following dimensions:

Stroke........... ... 30 inches

Bore...................... B 16.5

Revolutions per minute. .................. 60

Maximum cut-off of main valve (head end).. 8714 per cent

Lead of main valve (eachend)............. 0

Inside or exhaust lap (each end)............ 0

Velocity of live steam..................... 6000 feet per minute
“ “ exhaust steam................. 4000 ¢« ¢«

Lengthofport........................... 13.5 inches

Connectingrod. ......................... 5 crank lengths

Range of cut-off for auxiliary valve......... 15 to 8714 per cent

3. In the solution of the problem, find first the maximum port
opening required, and then, by means of an ordinary Zeuner diagram,
find the outside lap of a plain D-valve that will give the desired
maximum cut-off.

4. As shown in Fig. 140, the live steam must pass through the
opening ¢ n b ¢; hence b ¢ will be equal to the port opening, and in-
asmuch as the two parts of the valve are not shown on center, the
steam lap will not show directly, but will be equal to cv—B F. In
the drawing, the valves are shown in a proper working position for
cut-off when the crank is at C V of Fig. 138. The scale of the
Zeuner diagram, Fig. 138, is approximately four times the scale of
Fig. 140. The exhaust cavity of the valve is sometimes divided
into two parts as shown.



98 VALVES AND VALVE GEARS

To Find the Cut-off Valve Circles C K and C L

5. Place the cut-off valve eccentric about 45 degrees in advance
of the main-valve eccentric. Make the travel of the auxiliary valve
in this problem 3 inches. (The travel of the auxiliary valve in Fig.
138 is represented by L K.)

1;0 Find the Relative Valve Circle Showing How Far the Two Valves
. Are Apart at Any Instant

6. Draw the line O K, Fig. 138, joining the extremities of the
diameters of the Zeuner circles for the main and auxiliary valves.

b )}/ ’.
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\

F1G. 138.—ZEUNER DIAGRAM FOR MEYER CUT-OFF VALVE

Through the center of the diagram C, draw a line C G parallel and
equal to O K. Upon this line as a diameter describe a circle C B H I
passing through the center. This is called the‘‘ Relative Valve Circle,”
and shows for any position of the crank the amount the two valves
are apart, as the following example will show:

Suppose the crank at C N. Then the main valve is off center the
distance C M, and still going farther away; the auxiliary or cut-off
valve is off center the distance C' N, and also going farther away.
Hence the centers of the two valves must be the distance M N from
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each other. But if the relative valve circle C B H I shows the rel-
ative positions of the two valves for any crank position, then the
distance C I should equal M N, which it does. This may be shown
by the equal triangles O K J and G C I, the line J K being drawn
parallel and equal to M N. A similar relative valve circle, C F D,
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F1G. 139.—ToP VIEW, MEYER VALVE

Z1

F1G. 140.—LONGITUDINAL SECTION, MEYER VALVE AND VALVE SEAT

may be used for the analysis of the stroke on the opposite end of
the cylinder.

Ezxplanation of the Value of S which Determines the Point of Cut-off

7. Let S = the distance from the edge (a’k’, Fig. 140) of the
block R to the cutting-off edge (¢ b) of the main valve when the two
valves are central with respect to each other, or S = the distance
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between the main and auxiliary valve center lines when the auxiliary
block is in its cutting-off position as shown in Fig. 140.

8. Then S = the distance from ¢ to the main valve center line
minus the distance from a’ to the auxiliary valve center line = t u
— a'l'. If the latest auxiliary cut-off be assumed when the crank
is in the position C' H (Fig. 138), the blocks R and P (Fig. 140) may
be designed so that they are zero distance apart (the points b’ and
¢’ will then be at ), at which time S is a maximum and equals C H.
in Fig. 138. All earlier cut-offs may be obtained by separating the
blocks and thus reducing the value of S.

9. For cut-off at C P (perpendicular to C G, Fig. 138), S would be
zero because C P has no intercept in the relative valve circle, both
valves being the same distance off center and consequently having
zero distance between their center lines. For cut-off earlier than
this, the value of S would be negative, being measured on the exten-
sion of the crank line, as C T and C I at crank cut-off positions C O
and C N, respectively; and these values would appear as auxiliary
laps, or the amount that &k’ would overlap ¢, Fig. 140, when the two
valves are relatively centered.

10. The earliest possible auxiliary cut-off would be at the main
valve admission, which in this problem (there being no lead) would
occur at C Z, Fig. 138. Then S would equal — C E, and the distance
between the blocks (call it 2 Y) would be a maximum.

To Find L and Locate Tops of Valve Passageways

11. If W = the width of the blocks R and P, and Y = the dis-
tance the inside edge of the block is from the auxiliary valve center
line ( = b’ ! for position shown in Fig. 140), we have for the gen-
eral case,

L=S+wW+Y . . . . . .

While L and W remain constant, S and Y vary for different cut-offs,
as the following cases, Fig. 138, will show, but the algebraic sum of
Y and 8 is a constant:

For cut-off at C H, Fig. 138, S=CH, andY =0.

« “« «CXx, S =CX, “Y=CH-CX.
« “« «op, S =0, “ Y =CH.
¢ « “CZ, S='—CE, “ Y=CH+CE.

Therefore, the latter value of Y is the greatest it can have between
the above limits of cut-off. By substituting any of the correspond-
ing values of Y and of S above in equation (1), the value of L can be
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obtained. Taking the corresponding values of ¥ and S for cut—off
position C X:
L=CX+W+CH-CX
=W+CH . . . . . . . . .(©®

Width W of Cut-Off Blocks

12. The relative valve motion should never be so great that the
inside edge of the block uncovers the inlet passage ¢t n b ¢, Fig. 140.
To obtain a width to insure this at all times, it is necessary to
consider:

1st. The very earliest cut-off when the crank is in the position
C Z. Y then has its maximum value, and the edge a’ k', Fig. 140, is

F1G. 138. (DUPLICATE)—ZEUNER DIAGRAM FOR MEYER CUT-OFF VALVE

directly over the edge ¢ b, and the center of the auxiliary valve the
distance C E to the right of the main valve center, or in position
shown by dotted line I’ (Fig. 140). The outside edge a’ k' would then
have to move the distance C E beyond ¢ before the two valves are
again centered with respect to each other. ‘

2d. After the valves are centered, allowance must be made for the
maximum distance the valves move apart, C G, which distance the
edge a’ k' may move still farther beyond ¢.

3d. The edge a’ k’ has now moved the distance C E + C G beyond
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t and the width of the block must be sufficient to equal this and also
cover the passageway ¢ n.

4th. In addition, the block in its extreme position should still
have a small amount overlapping the edge n. One-quarter of an
inch may be allowed for this. .

Tosumup, W =CE + CG + tn + Y4 inch.

By substituting this value of W in equation (2),

L=CE+CG+tn+Yinch+CH . . . (3

Hence, 2 L, or the distance from ¢ to r (Fig. 140), equals 2 (C E +
C G+ C H + Y4 inch) + 2 width of steam-inlet passageway. The
width ¢ n of the steam-inlet passageway may be made 14 inch greater
than the width b ¢ of the steam-port opening.

13. In drawing the valve for this problem, place the blocks so
that cut-off occurs at % stroke.

In designs for this valve the value for the distance b k¥ may come
out so large that the width of the exhaust port is excessive; sometimes
there is room to divide the exhaust port and the valves into two parts,
as shown in the drawing. Should there not be room in the present
problem to permit of this division, omit the part U and run the two
exhaust cavities under the main valve into one. Or, as the problem
permits, the passageways ¢ n b ¢ and r ¢ j k may curve either towards
or away from the center.

. 14. The dimensions shown on the valve in the accompanying
drawing are to be used in laying out the drawing for this problem.
Students may omit the top view. In the finished drawing place
sufficient dimensions for a working design. Place the points A and
K of the valve seat so that the edges a and [ of the valve will over-
travel 14 inch.

OTHER APPLICATIONS OF THE CuT-OoFF TYPE OF VALVE
CONSTRUCTION

221. A well-known valve of the Polonceau type is that used on
the Buckeye engine, as shown in Fig. 141. The parts marked A
form a steam-tight box, except at the opening E and the port F, and
comprise the main valve. The blocks C form the auxiliary or “cut-
off”’ valve, which is operated through the rod D and a rotating eccen-
tric, by the fly-wheel governor. B is a hollow valve stem operating
the main valve through a separate eccentric clamped to the shaft.
The two valve stems B and D receive their motion through a com-
pound rocker peculiar to this type of valve gear. The main and
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cut-off valves each have uniform travel, and both are arranged so
that cut-off takes place, whether early or late, when the cut-off valve
is moving at or near its fastest rate.

Piston-valves may also be used to give an independent cut-off,
as shown by the Buckeye piston valve in Fig. 142.

222. The Buckeye main and cut-off valves are so connected
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F1G6. 141.—BUCKEYE FLAT CUT-OFF VALVE

through a compound rocker that uniform travel of the cut-off valve
with respect to the main valve with consequent uniform wear is
obtained at all cut-offs. This may readily be seen in Fig. 142, where
H I is an eccentric rod from an eccentric fixed to the shaft and it
operates the main valve A directly through the hollow valve stem
B, and it also swings the rocker H K about a fixed center K. At the
center of H K is pivoted another rocker arm, the end M being oper-
ated from a rotating eccentric under action of the governor, and the
end L giving motion to the auxiliary valve C through the encased
valve stem D. The motion of the cut-off valve relatively to the
main valve is the same as
the relative motions of L
and H, or the same as M
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cut-off valve with respect
to the main valve is the g, 142 Buckeve Rounn Curorr Vawve
same as that of a single

valve on a fixed valve seat. The Buckeye riding valve gives
variable cut-off by simply changing the angle of advance of the
auxiliary rotary eccentric, which is operated by a fly-wheel gover-
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nor. In order to emphasize this, it may be pointed out that the
Meyer riding valve is operated by two eccentrics fixed to the engine
shaft, while variable cut-off is obtained by changing the steam laps
of the auxiliary valve.

223. Another prominent valve of the Polonceau type, and one
that embodies at the same time the gridiron form of construction to
a marked degree, is that used on the McIntosh, Seymour & Co.’s
engine. The section shown, Fig. 143, lies in a transverse plane D E
of Fig. 144, close to the cylinder head. A is the valve seat, B the main

F1G. 143 Fi1c. 144

F1G8. 143 AND 144.—SHOWING TRANSVERSE AND LONGITUDINAL SECTIONS OF GRIDIRON
VALVE, MCINTOSH, SEYMOUR & CoO. ENGINE

valve, and C the auxiliary valve. Sometimes the main and auxiliary
valve parts of a single valve combination are spoken of as two valves,
and in this sense the present engine is frequently referred to as a
six-valve engine, there being a pair of valves at each corner of the
cylinder to control the live steam, and a single-port exhaust valve
at each opposite corner to control the exhaust steam. The advantage
of the gridiron valve is small travel and reduced friction. The grid-
iron type of valve requires delicate adjustment for lead, owing to
the numerous divisions of the port. This will be readily seen by noting
that a l4-inch lead on a single 1-inch port, for example, would be
only J4z-inch lead at each divided port if the 1-inch port were divided
up by a gridiron type of construction into four ports of 14 inch each.
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The main valves are driven from fixed eccentrics, while the aux-
iliary valves are operated from rotating eccentrics which are under
the control of a shaft governor. The mechanism shown in Fig. 143
for operating this particular make of valve provides opportunity for
neutralizing the ill effect of the angularity of the connecting rod,
and for giving equalized cut-off on the forward and return strokes.
It is also designed to give little or no motion to the valve when not
needed, and to give maximum velocity to the valve at or near cut-off.

224. The shaft Q carries two short rocker arms, one represented
by the arm @ V, operating the main admission valve B through the
links and levers V W, W X, and X B. The pin W gives a toggle-joint
action due to the arm W Y which has a fixed center at Y. The
other rocker arm on the shaft @ is represented by Q Z, and oper-
ates the exhaust valve G through the links Z K and K G. The shaft
P receives a rocking motion from an arm-and-link mechanism which
is operated from a rotating eccentric which is under the control
of the governor. The fact that the steam valves have very little
motion after the ports are closed is made evident by noting that the
two arm-and-link combinations P R—RS and X W—W Y each
cross the dead-center position twice during each cycle. The exhaust
valve G has a regular back-and-forth motion from the eccentric Q Z.
The live-steam chest is at M, the exhaust space at N. A relief valve
is shown at I.

225. A simplified form of valve gear for the gridiron valve is
also made by the same firm for
a recent design of horizontal
engine in which the auxiliary
or cut-off valve is omitted.
This design is diagrammati-
cally illustrated in Fig. 145,
where A and M are lay-shafts
operated from eccentrics, the
former being under the control
of the governor. A simple grid-
iron valve at G on the head end
of the cylinder controls admis-
sior.l and cut-off on that end, 12‘3;;?3;;%’331“53?35‘3&2‘%%3?
while the release and compres-
sion are controlled by the gridiron valve S. At the crank end of the
cylinder there are also two valves similar to G and S. The valve,
because of its gridiron construction with its many ports, re-
quires only a small total travel, and the mechanism from A to G and
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from M to S is designed so that as little travel as possible may take
place when the port is closed, and it is designed also so that the cut-
offs at all loads will be as nearly equalized as possible. H L is an
idle rocker driven by a link B K from the arm A B. The action
given by this mechanism is termed by the makers a “‘ double-pause
motion” because it serves to give an extra long dwell to the
steam valve when it is in the closed position. In this design the
valves are located in the cylinder head and, therefore, there is direct
flow of live steam in the direction of the moving piston instead of
its first being deflected by impinging on the cylinder head as it enters.
226. It has been pointed out that the auxiliary or cut-off valve,
when used in steam-engine construction, makes the cut-off point
independent of admission, release, and compression. The latter
three, however, are bound together, and if one is changed to secure
an advantage it is quite likely that one or both of the others will be
changed to a disadvantage. In the McIntosh & Seymour gear
as illustrated in Fig. 143, with a valve at each corner of the cyl-
inder, the admission and cut-off are not only independent of each
other, but both are independent of release and compression. The lat-
ter two, however, remain dependent and a change in one involves
a change in the other.
227. Rocking valves may be built to accomplish the same general
results as have been described above for reciprocating valves, but
except in the case of the Corliss en-
gine, round valves have not been
nearly so widely used. A well-known
example of the Gonzenbach type of
rocking valve is shown in Fig. 146,
from the Wheelock engine. A is the
main valve which controls admission,
release, and compression, while the
fia. l“é;f:::'{?ffml%w‘“ auxiliary valve B rotates on a fixed
valve seat, controls cut-off only, and
is regulated by a tripping mechanism under control of the govern-
or. A tripping mechanism will be illustrated under the Corliss
valve gear in paragraph 232.

RockING STEaAM VALVES

228. An example of rocking valves is shown in Fig. 147, wherein
four.are used, one at each corner of the cylinder. They are known
respectively as head-end steam valve, head-end exhaust valve, crank-
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end steam valve, and crank-end exhaust valve. The first controls
admission and cut-off; the second, release and compression for head
end, etc. The steam valves A and B allow of double-ported action
and both are operated by the same eccentric and shaft-governor.
The exhaust valves at C and D also have double-ported action, and
are operated by a fixed eccentric. All valves have positive action as
shown in Fig. 148, where the
valve-stem arms are lettered
to correspond with Fig. 147.
A characteristic feature of this,
the Atlas, engine among the
rocking-valve engines, is the lo-
cation of the cylindrical valves
in the cylinder head so as to
give the shortest possible steam
and exhaust ports and small
clearance space.
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FIG. 147.—SECTION OF ATLAS CYLINDER
SHOWING ROCKING VALVES

CorLiss VALVE GEAR

229. The Corliss valve is
the best-known type of rocking
valve, and perhaps is more
widely used, especially in low-
speed high-power steam-engine
work than any other one form
of valve. The original type of ~ F'% 148-—SmowinG OoNTROL oF ATLAS
valve gear, known as the “Cor- : :
liss,” was patented by Mr. G. H. Corliss, of Providence, R. I., in
1849. This type of gear was subsequently taken up by numerous
manufacturers, who substituted various alterations in details of the
design, until now such names as Reynolds-Corliss, Harris-Corliss,
Allis-Corliss, Hewes & Phillips-Corliss, etc., are well known.

230. Fig. 149 shows the cylinder, valves, valve gear, and gov-
ernor of a Hewes & Phillips-Corliss engine. The detail of the parts
operating on the valve stem at E are shown in Fig. 152, on an en-

~ larged scale. The names of the parts shown in Fig. 149 are:

A, steam-pipe opening.

D, exhaust-pipe opening.
G, G, dashpot rods.

B and E, steam valves.
F, F, . . . radius rods.

H, wristplate for live steam.
J, wristplate for exhaust valves.
C and K, exhaust valves.

1, I, dashpots.

L, L, head-end governor rods.
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R Z, rocker-arm bracket. _ M, crank-end governor rod.
PQRS, compound rocker arm. T W, governor weight.

S T, rocker-arm connecting link. N, governor belt.
V, V, revolving weights.

231. The Corliss valve may be considered as a plain D-valve
with its steam laps and exhaust laps separated into four indepen-
dent parts, and one placed at each corner of

F1G6. 149.—CYLINDER, VALVES, VALVE GEAR, AND GOVERNOR FOR A CORLISS ENGINE

ports to admission of live steam. The valve may be single ported
" or double ported.

Detail and Operation of Trip Mechanism or Releasing Gear

232. The method of regulating the point of cut-off and of open-
ing and closing the steam ports is illustrated in Figs. 150 -and 151,
the former showing the mechanism at the phase when the valve is
about to open the port to steam, and the latter at the phase when
the valve is about to close the port. The form of valve gear here
shown is the well-known Reynolds gear stripped of the refined
details of its actual construction. Both illustrations are similarly
lettered and the parts are as follows:
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V is the valve stem to which the valve is attached.

A,, A, is the steam arm which is keyed to the valve stem and to
which the dashpot rod is attached at A; it also has a steel block
mounted on it at K.

B, By, B; is a cam plate which is mounted, and turns freely, on
the valve stem and which is stationary so long as the engine runs
at a constant speed. The rod from the governor is attached to the
cam plate at B,. The cam surfaces are shown at F and G.

C V C, is a bell-crank plate, known as a loose arm, and it also
turns freely on the valve stem V. This arm is constantly in motion

- under the control of the wristplate, the radius rod being attached

Fi1G. 150 Fi1a. 151.

F1G. 150.—RELEASE GEAR ABOUT TO OPEN PORT
FIG. 151.—RELEASE GEAR ABOUT TO TRIP AND CLOSE PORT

‘at C. A pin is fixed in this arm at C,, on which a double-arm piece
N Cy M, known as a latch arm or “grab hook,” swings freely. One
of the arms C, M is kept agamst the surface of the cam plate by
means of the spring S, and when it is against the part of the surface
B between the cam-lifting surfaces F and G the steel block at L on
the other arm is in engagement with the block K on the steam arm
and is lifting the steam arm. '

233. Remembering that the cam plate B B, B, is stationary for
any one running speed and that the pin C; on which the latch arm
swings is always swinging back and forth, it will be seen that when
the arm C; M of the latch comes in contact with the cagn surface at
F, as shown in Fig. 151, the steel blocks at L and K will dis-
engage and that the dashpot will be free to exert its pull on the
steam arm A A, and quickly close the valve.
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234. If the engine should reach a speed above the normal the
governor would cause the cam plate to rotate slightly in a counter-
clockwise direction, Fig. 151, and this would cause the latch arm
C, M to strike the cam surface F sooner and would make the cut-off
sooner. Similarly, if the load on the engine were increased, the
governor would slow down and rotate the cam plate clockwise, thus
causing the latch arm to strike F later, giving later cut-off.

235. If the engine should “run away,” the speed of the governor
would be such as to swing the cam surface F so far around counter-
clockwise that the arm C; M would ride only on the larger radius B;
and not allow the blocks L and K to engage and, therefore, not
allow the valve to open until the engine speed had been reduced.

If the governor belt or mechanism should break, the cam surface
G would swing around so far, clockwise, that the latch arm would
ride only on the larger radius B, and again would not allow the
two blocks L and K to engage, thereby cutting off the steam and
stopping the engine. .

236. Different makers of Corliss engines build different forms of
releasing gear, but fundamentally the action is the same in all. Most
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F1G6. 152.—TRIP MECHANISM DETAIL, CORLISS GEAR

of the Corliss engines in operation run at a speed of from 90 to 120
revolutions per minute, the latter being considered high in many
quarters. Some of the more recent designs of the Corliss releasing
valve gear, however, permit of much higher speeds, a notable instance
being the Hewes & Phillips releasing gear shown in Fig. 152, which



VALVES FOR RECIPROCATING STEAM ENGINES 111

operates successfully up to 200 revolutions per minute. This gear
is lettered similarly to the ones shown in Figs. 150 and 151, and the
general method of its action is the same. The latch arm, however,
in Fig. 152 acts on the cam plate by gravity, the spring at S being
simply a guard to limit the rise of the latch arm.

237. A safety device is shown at C,, which is a leather-faced sur-
face which comes into action with the faced surface A; and closes
the valve should the dashpot fail to do so.

238. A further automatic safety device is provided on most
Corliss engines. This device, illustrated in Figs. 153 and 154, permits

Fig. 153 Fig. 154

F1Gs. 153 AND 154.—AUTOMATIC SAFETY DEVICE FOR CORLISS ENGINE

the governor to fall its full distance should the governor belt fail
while the engine is in service, and thus prevents the valves from
opening the ports at all, as just explained in paragraph 235. When
the engine is in the process of being shut down by the operator,
he swings the device into place by hand so that the governor will
not fall its full distance. This leaves the valve gear in such position
that the valves will admit steam and allow the engine to start up
again when the steam is turned on, without the necessity of bodily
lifting the governor weight. The device as applied to the Hewes &
Phillips engine is explained in detail as follows: The piece marked §
in Figs. 153 and 154 is rigidly attached to the vertical moving part
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of the governor, and the flat surface at 10 rests against the flat
surface 10 of the piece marked 8, which piece is pivoted to the fixed
part of the governor post at 9. The piece 6 is pivoted to 8 at the
point 7. In the position shown the engine is idle, the steam being
shut off entirely in the supply pipe. When steam is admitted and
the engine starts up the pin 12, which is fastened in §, moves up and
presses the sloping surface of 6 so that 6 turns about 7, causing 8
to swing about 9 and the whole device to fall into the position indi-
cated by 8 and 6 in Fig. 149. Then should the governor belt N fail
and the governor cease to turn, the governor weight W would fall
its full distance and the collar marked ! would come into contact
with 2 as shown in Fig. 149. When in this position the latch-arm
C, M, of Fig. 151, will ride only on the larger radius B, and will
keep the latch blocks from engaging and the valve from moving.
The parts marked 3 and 4, Fig. 154, are round pins fastened to 1 and
passing through guide holes in 2, their purpose being to prevent
any rotation of I through frictional contact with the rotating part
marked 14.

Limited Range of Cut-off with Single Eccentric

239. The Corliss valve gear with single eccentric will operate the
cut-off automatically only up to half stroke, as the following argument
will show:

When release occurs, the main crank has not quite reached the
dead point; also, when compression occurs, the crank has not reached
the other dead point. When the crank is half-way between the
positions corresponding to release and compression, it is still short of
the 90-degree position, and the piston is short of half stroke. When
the crank is in this ‘“half-way’’ position, the exhaust valve, the
exhaust-valve radius rod, and the wristplate are all at extreme throw,
for the exhaust valve is in exactly the same positions at release and
compression, and its motion comes indirectly from the main crank
shaft. When the wristplate is at extreme throw the latch arm is in
its highest position, and if it does not strike the governor cam by the
time it reaches this highest position it will not strike it at all.* But
it has been seen that the wristplate (and therefore the latch arm)
reaches its extreme throw before half stroke. Therefore, automatic
cut-off by the dashpot can not occur later than half stroke. When
this is understood it will be seen that the exhaust steam requirements

* In this event the blocks on the latch and valve-stem arms will remain in
engagement during the entire cycle and cut-off will occur at or near the end of
the stroke.
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at one end of the cylinder actually control the latest point of cut-off
on the other end of the cylinder when a single eccentric is used.

240. In good indicator cards from fast-running, single eccentric
Corliss engines, it sometimes appears that cut-off takes place later
than half stroke. This is only apparent, however, as the cut-off
actually begins before half stroke, but the relatively fast-moving pis-
ton, which is at its maximum at about the middle of the stroke, gets
past the center before the valve (even when operated by a good
dashpot) closes the steam port. The following calculation may show
this more clearly:

A good vacuum dashpot closes the valve in about }{s second, or
during ¥, of a revolution for engine running 96 revolutions per min-
ute. This is approximately }% of the stroke at the center, and must
be added to the per cent of stroke which has been completed when
the latch arm releases the latch blocks to give actual final point of
cut-off. '

241. One hundred to 120 revolutions per minute may be assumed
as practical limit of speed of engine with the older types of releasing
gear, owing to wear of releasing mechanism and comparatively slow
action of dashpot. More recent designs, however, are successfully
running at 150 to 200 revolutions per minute.

242. Later cut-off and a greater range of cut-off may be obtained
by using two eccentrics and two wristplates, one set for the steam
valves and the other for the exhaust valves.

243. The length of the steam and exhaust ports is made nearly
equal to the diameter of the cylinder bore, as a rule. Steam and
exhaust .valves are usually made of equal diameter, and vary from.
14 cylinder bore in small engines to 1§ in larger ones. For steam
port, a steam velocity of 8,000 feet per minute may be allowed; for
exhaust port, 6,000.

DETAIL AND AcTION OF DasupoT OoN CoORLIss ENGINE

244. Dashpots are of various forms and construction, the prin-
ciple in most cases being that a vacuum is used to accelerate the fall
of the plunger or bell (4, Fig. 155). An air cushion is provided to
bring the plunger to rest without shock. Fig. 155 represents a well-
known design. In this case C is the dashpot rod leading to the
drop lever which, in turn, is keyed to the valve stem. The ball joint
is used to accommodate a slight swing of the rod. The vacuum is
created between A and B. B is a hollow post and is sometimes
referred to as a ““stationary piston.” D is an air or vacuum regulating
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screw with locknut E. Through D is drilled a small hole with side
outlets just above the cone seat, as shown. Any air pressure which
might accumulate in the vacuum space is expelled through small
drilled holes leading to the under side of the ball seat at J, or, if the
vacuum is too strong, it may be regulated by slightly turning the
screw D which is fitted with a very fine thread. The air cushion is
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F1G6. 155.—DASHPOT FOR CORLISS ENGINE
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formed and acts while the point X of the flange S of the plunger is
passing from Y to Z. The cushioning effect is adjusted by the solid
thumb screw H, which regulates the flow of air from the passage M
through the opening K to the space N. G is the body, and R the
cover of the dashpot. The circular grooves O P @, etc., are for lubri-
cation. The sloping edges T UV W Y are designed to prevent a
too sudden cushioning effect.
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DRAFTING-TABLE PROBLEM No. 5.—CoRLiss VALVE GEAR
245. Data for problem:
Bore of cylinder, 12”. Distancebetween centers of valves(horizontal) 3.2".

Stroke.......... 24", “ “ “oouw (vertical) 16",
Bore of all valves  3”. Radius to hook-rod pin on wristplate. . . ... 8.
Eccentric throw.. 3”. “ ‘“ radius-rod pinon ¢ ... .. 6.
Diam.of hub circle 5. Valve-stem diameter.................. ... 115",
Lead, head-end....................... ... %",

246. Method of procedure: (Reference letters belong to Fig. 156.)
1. Locate centers of valves A, B, C, and D.

2. Draw in circles representing bore of valves.

3. Locate center of wristplate E.

Bent Rocker to Neutralize Angularity of Connecting Rod

4. Draw rocker F E G with upper arm vertical, and lower one at
15 degrees with vertical center line. This angularity is introduced
to help correct angularity of the connecting rod. This position of
the rocker is its central position corresponding to zero throw of the
eccentric. The rocker F E G in practice (in long-frame engines) is
placed at some convenient point between the cylinder and the shaft,
the eccentric rod connecting to the point G, and one end of the hook-
rod to F. The other end of the hook-rod is attached to a pin on the
wristplate at F. The points H, I, Y, etc., are also on the wrist-
plate. The rocker, in designing, is shown attached to the wrist-
plate shaft for convenience and to save space in the lay-out.

5. Show rocker pins F and G with a diameter of 1 inch, and draw
indefinite arcs on which the extreme travels of F and G will be
shown later.

6. Lay off eccentric throw from G, in both directions on a hori-
zontal line and project up to the rocker-pin arc to locate the extreme
positions of rocker pins for full-throw forward stroke (G; and F,)
and full-throw return stroke (G. and F,). The eccentric throw is
laid off on a horizontal line because the eccentric radius is very
small eompared with the length of the eccentric rod.

7. Draw all arms, links, etec., in solid lines, and cross-section all
circles for the zero eccentric-throw position. For arms, links, etc.,
in full-throw forward- and full-throw return-stroke positions use
characteristic lines as shown in sketch, and leave circles open.

8. Locate radius-rod pins H and I on wristplate 3 inches apart.
This is the minimum distance to allow for machining and play be-
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tween the rod ends. Make pins H and I three-quarter inch in
diameter. Show these pins in extreme forward and return positions.
9. Make steam-port width J K = 74 inch.
10. Make steam lap K L = %; inch.
11. Make width of passage through valve L M = 114 inches.
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Determining Valve Travel for Cylindrical Rocking Valve

12. Find, by method of trial-and-error, the point N of the radius
rod N H, and rocker arm N A, so proportioned as to turn point L
of valve to L, (L travels a small distance, say }{¢ inch, beyond J so
as to produce more uniform wear on valve and valve seat) while H
travels to H;. Mark the corresponding extreme point of travel of
N at N;; also mark the other extreme point of travel for N at N,
when H reaches H;. The lines A Ny and N, H,, and also N; H,; and
H; E must not be allowed to reach a straight-line position. This
trial-and-error process is usually accomplished by a stiff paper model
on a full scale; but as a student exercise it may be done with two
pairs of dividers, or with dividers and compass. The length of the
arm A N may be assumed as 4 inches.

13. Locate points on crank end of steam valvé corresponding to
the points N, N; and N;. The same arguments and methods apply,
but the results are slightly different.

Determining Travel of Piston of Dashpqt

14. Assume that the drop-lever pin travels in an arc with a
radius 4 Q = A N, thus determining the rise of the dashpot plunger.
For less rise a shorter radius would be used.

15. Drop-lever pin @ should move equal distances on each side
of horizontal center line. The pins N and P on the rocker arms, and
the latch pin @ must all swing through the same length of arc =
N: N,. Therefore lay off points ¢ and . symmetrically about the
center line A D. :

16. Q. and @ correspond to extreme hook-latch positions. The
distance between the hook latch and the pin on the rocker must be
great enough to allow hub and arm length of hook to maintain latch
effect, if desired, to end of swing. This distance is determined prac-
tically by the design of the hook, and in this problem the distance
between Q. and P, may be assumed to be great enough if an angle
of 30 degrees (Q: A Ps) is taken.

17. With the point P; determined, the angle between the two arms
(P; A and A N;) of the rocker is determined. Lay off the central
and extreme forward positions of the arm P, A at P A and P, A.

18. Determine corresponding points for steam valve on the crank
end.

19. Lay off exhaust port T U = 114 inches; exhaust lap UV
= %z inch, and exhaust port through valve, 114 inches.
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Avoidance of Dead Points in Valve-Gear Mechanism

20. By trial-and-error find the lengths of the valve arm B X
(it is to be noted that the exhaust valve is never closed by a dashpot,
and that it remains under the control of the wristplate all the time),
and the link X ¥, so that V just overtravels T to Z, which gives
smooth wearing effect. Neither BX and X Y, nor XY and Y E
should cross a ‘“dead center” between their extreme positions.
Locate central and extreme positions of the arms and links operating
this valve.

21. Make the exhaust-valve arm at C the same length as that
determined at B, and draw in the central and extreme positions.

22. In addition to showing the arms and links throughout for
the three positions in characteristic line work, the passageways in
the valves themselves must be indicated by the same character of
line work, as per example at B. Place 34-inch circles at all pin joints,
except on the large rocker F E G.

23. Place dimensions at all points indicated in the sketch. Show
the angles traveled through by the point F of the wristplate while
the piston moves through its forward and return strokes. These
angles are represented by heavy arcs at the top of Fig. 156. The
student should endeavor to find out through his own efforts how
these arcs are obtained, but if unable to do so, a hint will be found
in connection with the supplementary problem described in the
following paragraph.

24. Find the angle of advance and the number of degrees and
direction the eccentric is set from the crank, the engine “running
over.”” This can be readily done by remembering that the lead is
1% inch and that this is the distance that L is to the left of K, Fig.
156, when the engine is on head-end dead center. Then find the
corresponding new position of G and project it vertically down to a
circle whose center is directly under the present point G and whose
radius is the eccentric throw or eccentric radius. This circle will be
equal to and will represent the circular path of the center of the
eccentric sheave, and the projected point from G in its new position
will show the position of the eccentric sheave center when the
engine is on dead center head-end. .

25. Draw a body outline of all the parts surrounding the valve
stem, similar to Fig. 151, showing their proper relative positions
for cut-off at two-tenths of the stroke. In doing this it is necessary
to find first the position of the radius-rod pin N when the piston has
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traveled two-tenths of the stroke. This may readily be done by
drawing a skeleton diagram of the piston stroke, piston connecting
rod and crank, for 0.2 cut-off, and placing the crank-shaft center at
the center of the eccentric circle described in preceding paragraph.
Then knowing the angle between crank and eccentric, the position
of G of Fig. 156 will be determined for the piston at 0.2 of its stroke,
and the corresponding position N may be readily found. The draw-
ing of the valve-stem parts should be to the same scale as the main
problem, the valve stem being taken as 114 inches in diameter.

RicE AND SARGENT CoRLIss ENGINE

247. A Corliss engine with a number of distinctive features is
manufactured by the Providence Engineering Works, probably the
oldest engine-building shops in America now engaged in the same
business. The engine, however, is one of the most recently designed
of all the well-known makes of the Corliss type, being the joint work
of Mr. Richard H. Rice and Mr. John W. Sargent, in 1893. It is
designed for heavy duty work and for speeds a little higher than those

F1G. 157.—RICE AND SARGENT CORLISS ENGINE

usually obtained with the Corliss engine. It is adapted for use in
direct-connected electrical work or with belt or rope drive.

A perspective view of a single-cylinder Rice and Sargent engine is
shown in Fig. 157. The several parts are as follows:

S, Steam admission pipe. B, Belt to governor shaft.
C, Engine cylinder. G, Governor case.
R, Crank case. 0, 0y, Governor rods.

E, Eccentric case. T, Live-steam eccentric rod.
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Ty, Ty, Clutch rod and reach rod X, X;, Clutch rod and reach rod
for live-steam valves. for exhaust valves.
X, Exhaust eccentric rod. A, Dashpot rod.
N Dashpot cover.

248. It will be noted that the wristplate, which is a common and
characteristic feature of Corliss engines generally, is not used. This
engine was the first, so far as known, to be built without a wristplate.
Two eccentrics, one for live steam and the other for exhaust, are used
~ on engines of all sizes, thus permitting of a wide range of cut-off.
Two distinctive forms of governors are used by the Company, one
a special form of the Rites inertia governor developed by the Provi-
dence Engineering Works, and the other a purely centrifugal gov-
ernor designed at the same works and known as the Sargent gov-
ernor. The latter is the newer form and is being now generally used
on this engine. The structural features of the valve gear are such as
to permit speeds up to 200 revolutions per minute in the smaller
sizes of engines. The larger engines run up to 150 r. p. m.

249. The live-steam and exhaust-steam valves of the Rice and
Sargent engine are shown in section, together with the valve cham-

bers and the head-end half of
L_\ the engine cylinder in Fig. 158.
The live-steam valve, I, is
double-ported, and so is the ex-
3 haust valve 8, although they are
quite different in construction.
0 . ! In larger sizes of engines triple-
- . ) 1 ported live-steam and exhaust
) valves are used to further di-
. 5 minish the valve movement.
AT , The live steam enters at 2, and
RN : the exhaust steam passes out at
8 |- 7. The piston is shown at 4, the
=\3 11 cylinder head at 9, and the cylin-
der-head cover at 10.
F1a. 158 —SHOWING LONGITUDINAL SECTION. 250, The valve gear imme-
diately surrounding the crank-
end steam-valve stem at V in Fig. 157 is shown in detail, and also in
its two extreme positions, in Figs. 159 and 160. In Fig. 159 the valve
is just beginning its motion under the influence of the live-steam ec-
centric and, after it has traveled a distance equal to its lap, will open
the ports. In Fig. 160 the ports are wide open and the valve is just
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starting its quick return motion under the influence of the dashpot.
The several parts of the mechanism are:

1, Valve stem.

2, Governor rocker turning freely on bearing on bonnet, and
carrying roll pins 8 and 10.

3, Governing rod leading to head-end valve, O, in Fig. 157.

4, Full arc of swing of governor rocker.

5, Rod from governor, 0 in Fig. 157.

6, Valve-stem “lever” or rocker keyed to valve stem and carrying
pin 7 to which dashpot rod 11 is attached and carrying also pin 13
to which the latch block 14 is pivoted.

17, “Steam” rocker which turns freely on the valve stem and to
which are pivoted the clutch rod 16 (T in Fig. 157), the reach rod 18

Fi1a. 159 Fig. 160

F1G6. 159.—VALVE BEGINNING TO MOVE TO OPEN
FIG. 160.—VALVE BEGINNING TO MOVE TO CLOSE

(T, in Fig. 157), and the toe block 19, which is integral with the cam
lever or cam arm 9.
Action of the Rice and Sargent Valve Gear

251. The action of the gear is as follows: The eccentric pulls the
rocker 17, Fig. 159, to the right and this carries the toe 19, which in
turn pushes the latch 14 and the valve stem rocker 6, thus rotating
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the valve and lifting the dashpot piston. This continues until the
curve 12, Fig. 160, of the cam lever comes into contact with the
rollers 8 and 10 on the governor arm which is stationary for any one
cut-off, and then the arm 9 and the toe 19 are rotated downwards
about the center 20 just enough to permit the toe to disengage from
the latch 14, when the valve-stem rocker 6 is quickly rotated clock-
wise, Fig. 159, by the action of the dashpot. The latch 14 is pre-
vented from dropping lower than the position shown by a stop
block. As the toe 19 is carried back by the steam rocker 17, it slightly
lifts the end of the latch, which then swings a small amount about
the pin 13. The latch, however, drops back in place by gravity as
soon as the toe passes.

252. For earlier cut-off the governor rod 5 moves to the right,
thus carrying the pins 8 and 10 to the left and permitting the cam-
lever curves 12 to stroke them sooner and so disengage the toe and
clutch earlier. The part of the cam arm to the right of 12 is a curve
such as will guide the working corner of the toe plate 19 so that it
moves in an arc of a circle about 7 as a center, thus insuring contact
with the latch 14 up to the time that the knock-off curve 12 comes
into action on the rollers.

When the governor rod 4 is in its extreme right-hand position
the pins 8 and 10 are so far to the left that only the part of the cam
lever to the left of the curve 12 comes into contact with them at
any point in the valve-gear travel, and this part is so designed that
it does not allow the toe 19 to rise high enough to engage the latch
block 14 and consequently the valve is not moved and no steam is
admitted at all until the engine slows down.

253. The cam arrangement here described is just the reverse of-
the ordinary Corliss arrangement. In this case, the swinging arm 9
carries the cam curve, and the governor rocker 2 carries the rollers,
whereas on the usual forms of construction the governor rocker
carries the cam surface and the ‘““toe arm” carries the roller or slide
bar. The present arrangement allows the toe and cam to be oper-
ated by gravity only, whereas a leaf or other form of spring is neces-
sary to cause the toe to engage with the latch in most of the usual
forms of construction.

254. The valve gear surrounding the exhaust valve stem is shown
in detail in Fig. 161, and in its proper position at U in Fig. 157. The
exhaust clutch rod X, is indicated at 1 in Fig. 161. It swings the bell
crank 3 through the angle 2 about the center 5. The pin at § is set
in a bracket 6 which is a part of the exhaust bonnet casting. A con-
necting link 7 joins the end of the bell-crank arm with the arm 10
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which is keyed to the valve stem. The purpose of this connecting
link, and its proportions, are such that it will give the exhaust valve
considerable motion at the
time of opening the ports
and a very small motion
when the exhaust port is
closed and the live steam is
pressing the valve down on
its cylindrical seat. The
large travel during opening
is represented approximately
by the angle 8, while the
small angle traveled during
closure is represented ap-
proximately by the. angle 9.
The latter angle, it will be

. F1G6. 161.—MECHANISM SURROUNDING
observed, is small because EXHAUSTVALVE Srem

the centers of the bell-crank

arm, the connecting link, and the crank pin are in line, or nearly so,
when the arm 10 is in its extreme right-hand position, and there is
always slight travel of a follower as the driving mechanism reaches
a dead point, and there is no motion at all at the dead point.

Rites Governor as Applied to Rice and Sargent Engine

255. The governor is shown at G in Fig. 157. The governor
weights are driven by the governor shaft J through the belt B from
the main shaft of the engine. In Fig. 162 the governor casing is
shown at 7 and also at 7 in the section taken on X X. The governor
shaft at 1 has attached to it two arms 2, 2, which carry pins support-
ing freely the weights 4 and 20. The weight 4 carries a balancing
curved rib 5, and also has attached to it a complete circular U-shaped
ring as shown at 6 in the full front view, and also at 6 in the section
on X X. The weight 20 is similar to 4 and is connected to it by a link
8. The two weights are also connected by the spring 10. The cir-
cular rings attached to the weights are shown concentric, and one is
directly in front of the other for the phase shown in Fig. 162, which
is about the position for normal speed. When the engine is at rest
the weights and rings are eccentric to each other, but as the engine
gains speed they are actuated by both inertia and centrifugal force
and rotate about the pins 3 and 19 against the tension resistance of
spring 10 and the rings become concentric to each other and remain
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so for constant speed. The lugs 16 and 18 are both on the
front ring 6, and the pin 17 is on the ring 22. They act as stops
to prevent an excessive relative motion of the two rings.

~ As the weights move out they carry the pins 14 and 24 further
away from each other and so draw in the two connecting links 13
and 23, shown also in the small diagrammatic sketch at F. These
links, in turn, draw in the link 12, which is connected to and rotates

F1G. 162.—RITES INERTIA GOVERNOR A8 MODIFIED BY PROVIDENCE ENGINEERING WORKS

the arm 11. This rotates the cross shaft 25 which is mounted on the -

governor casing, and also the slanting crank arm 37. This latter is
connected to an arm 31, which is moved up by means of a link 36
which has ball or universal joints at 39 and 29. The arm 31 is keyed
to the shaft 32 and as it moves up it rotates to the left the arm 33
which is also keyed to 32. This motion of 33 draws the rod 35 to the
left and this rod, which is also the rod O in Fig. 157, as well as the
rod § in Fig. 159, rotates the governor rocker 2 in the latter figure
in a clockwise direction, and so carries the rollers 8 and 10 to the
left. With the rollers in this new position, the cam curve 12 of the
cam lever will strike them sooner and so give an earlier release to the
valve and an earlier cut-off.

256. In the compound engines, an additional adjustable arm such
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as 18 shown at N in Fig. 162, is keyed to the shaft 32. By means of
this arm the low-pressure cylinder may be operated with a fixed cut-
off independently of the governor, or it may be made to work by the
governor in any ratio to the cut-off in the high-pressure cylinder, or
by a combination of both methods, thus giving control of the inter-
mediate or receiver pressure as required for different operating con-
ditions. That these adjustments may be carried out is shown me-
chanically by considering: First, that when the end 50 of the rod
51 which leads to the low-pressure steam valve, is moved up to the
top of the screw 49 and, second, that when the arm 48 is swung
about the pivot 64 the full distance to the right and then clamped
in the clamping groove 47, that the effective radius of this adjusting
arm will be from 45 to the new position of 50 and that this radius
then makes an angle of nearly 180° with the connecting link 51.
With such an angle, there can be practically no effective control of
the low-pressure cut-off by the governor because the position of the
pins 8 and 10 in Fig. 159 will be very slightly moved. The point of
cut-off, therefore, will be practically constant despite the governor
fluctuations. By rotating the lever arm 48 about pivot 64 and
_ clamping in groove 47, hand adjustment of the fixed cut-off may be
obtained. By rotating the handwheel 53 and screw 49 so as to
raise or lower pin 50, the ratio between high- and low-pressure lever
arms is changed, thus varying the low-pressure cut-off and receiver
pressure while still maintaining the low-pressure cut-off under con-
trol of the governor.

257. A safety device which mechanically controls the live-steam
valves and keeps them from admitting steam to the cylinders in case,
for example, the governor belt should break, is also shown in Fig. 162.
To understand this, it should be kept in mind that when the arm 33
is in its extreme clockwise position, the governor rocker and the cam-
control pins of Fig. 159 are also in their extreme clockwise position.
In this position, the trip toe does not engage the latch-at all, or if
in some designs it should, the engagement is for so short a period
that the valve travel is less than the steam lap on the valve, or the
port opening is so small as to be ineffective.

When the engine is idle, the unstable support 43, whlch is pivoted
at 44 to a bracket on the governor frame, is held in the position
shown by the flat end 41 of the connecting link 28 resting on the flat
surface 42 of the support. This support of the governor linkage holds
the governor weights out to the position which corresponds to latest
cut-off or nearly so, and permits the engineer to start up the engine
without holding any part of the valve mechanism. When the engine
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is started and approaches its normal speed, the link 28 lifts, through
the linkage 37, 36 and 31, and this allows the unstable support 42
to swing about its pivot 44 and remain in a hanging position. If now
the governor belt breaks, the governor weights would move full in
and this would cause the pin 40 to drop to the bottom of the curved
slot 27 and pull the arms 34 and 33 to their extreme clockwise posi-
tions, thus compelling the valves to cut off the steam as explained
in the previous paragraph. If the governor spring 10 should break,
the governor weights would be free to move full out and would then
lift the pin 40 to the top of the slot and swing the arms 34 and 35 to
their extreme clockwise positions.

258. Any supersensitiveness of the governor is controlled by an
oil dashpot which connects with the governor shaft at its left-hand end.
Such a dashpot is shown in connection with the Sargent Governor, to
be described in succeeding paragraphs. Any practical variation in
the degree of sensitiveness of the governor such as may be desired
when operating alternating current generators in parallel, is secured
by screwing the spring plugs at the ends of the springs in or out on
the right and left screws 9 and 15. When screwed ‘“‘out” the num-
ber of active coils in the spring is greater and the degree of sensitive-
ness is greater. When screwed in the reverse is true. A change of
one coil or less is usually sufficient for any desired adjustment. The
same method of adjustment applies to any make of spring-loaded gov-
ernor. The speed of the engine when running is varied by the chang-
ing of the tension in the adjusted spring by the governor weights,
and this change of tension is not to be confused with that due to
adjustment.

Sargent Governor

259. This governor is of the centrifugal type and is now generally
used on Rice and Sargent engines. There are two centrifugal weights
and they are shown at I and 61 in Fig. 163. Each weight, as seen in
its top view, is approximately semicircular in form and is a more
or less hollow casting. The two weights are so supported by the
supporting arms 7 and 58 of bell cranks, and so guided by rods 9, and
so controlled by the spring 2 that all points in the weights move in
horizontal lines only. For this reason, the spring tension is not
transmitted through pivots. The center of gravity of each weight
is in line with its bearings.

260. When at rest the governor weights are full in so that the ver-
tical surfaces touch each other. When steam is admitted and the
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engine started up, the motion of the horizontal shaft 41 is transmitted
through the bevel wheels 42 and 43, the vertical shaft 44, and the
double arms 10. At the outer extremities, 11 and 69, of these double
arms, are pins on which are mounted bell cranks, the upper arms
of which support the governor weights, as stated in the previous
paragraph, while the horizontal arms are pivoted to short vertical
rods which connect with the sleeve 13. The governor weights, bell
cranks, and sleeve all rotate with the vertical shaft 44, while the
horizontal ends of the bell cranks and the sleeves have in addition
a decided up-and-down motion as the weights move further out or
further in from the position shown. In the sleeve is a circular groove
into which fits a ring 15, which is so constrained that it can only
move up and down, while the sleeve rotates idly inside of it. The
ring has pins 14 fitted to it, front and back, and these engage the
governor arm 16, which is keyed to and swings about the stationary
pin 56. The up-and-down motion only of the sleeve 13 is thus trans-
mitted to the point 74 of the governor arm, the oscillations of which
are carried through the shaft 56, the arm 51, and the governor rod
50 to the governor rocker 2, Fig. 159, thus changing the positions of
the cam-lever pins 8 and 10 and so changing the point of cut-off.

261. The outer end of the governor arm 16 is connected to a con-
trolling cylinder filled with oil, which passes from one side of the
piston 22 to the other through an opening 23, which is regulated in
size by an adjusting screw. The smaller this opening, the greater
the resistance to the passage of the oil, and the greater the braking
effect on the governor arm 16, which is thus controlled against a too-
sensitive governor action.

Corliss Gear Safety Devices

262. Safety devices which prevent the valve gear from admitting
steam should the governor belt, governor, or valve-gear parts become
deranged or broken, or should the engine exceed a given speed, are
used on Corliss engines generally. Two such devices have already
been shown, the one in connection with the Hewes and Phillips Cor-
liss engine paragraph 238, and the other in connection with the Rites
governor on the Rice and Sargent Corliss engine in paragraph 257.
Another device is described in the following paragraph.

263. The safety device attached to the Sargent Governor is il-
lustrated in Fig. 163. Its construction and action are as follows:
The bracket 36 is rigidly attached to the crosshead of the engine.
It carries two pins, one 32, to which the safety trip weight 30 is
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FIG. 163.—SARGENT CENTRIFUGAL GOVERNOR USED ON RICE AND SARGENT ENGINES
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pivoted, and the other 35, to which the safety trip weight spring is
attached. After the engine passes a certain speed the inertia of the
weight 30 overcomes, at the end of the engine stroke, the tension of
the spring 33, causing it to rock forward about 32 and strike the bent
rocker arm 28—25, and thus to move upward the push rod 24. This
also pushes up the releasing lever 19, which turns freely on the pin
18 in the governor arm 16. The safety lever 62 is then released,
because the pin 46, which is part of the releasing arm 19, is moved
up out of the way of the pin 45 which is on the safety lever. This
lever is now free to turn counter-clockwise under the action of the
leaf spring 64 and to rotate with it the shaft 66 and the arm 61, thus
moving the governor rod 50. As this rod moves to the right it will
be seen, by referring to Fig. 159, that rod § will move to the right,
that the governor rocker 2 will turn clockwise, and that the control
pins 8 and 10 will be so far to the left that the cam lever 9 may not
even permit the toe 19 to engage with the latch 14. If it does not so
engage, there will, of course, be no motion of the live-steam valve
and no steam admission, as explained in paragraph 252.

264. Some of the details of construction, although not necessary
to, and not used in the above explanation of the governor action, are
shown in Fig. 163 as follows: 4 is a spring plug to which the governor
spring is attached; 5§ and 60 are adjusting screws acting on the
spring plugs for regulating the governor spring tension; 6 is a cored
opening for the insertion of the guide rod 9 (there is another and
similar guide rod in back); 8 is one of four weight plugs for guiding
the rods 9, 9; 27 is a stationary bracket fastened to the engine frame;
34 is a pin on an arm of the safety trip weight which acts as a stop
against the surfaces 37 when the weight 30 moves a sufficient distance
in either direction; 38 is a part of the crosshead of the engine; 39
are ‘“shaft buttons” for taking the thrust of the vertical shaft and
governor weights and mechanism; 47 is a stop block on the arm 52;
48 is a stop block on the releasing arm 19 which bears against the
pin 46 and keeps the release arm from dropping when the engine
is running regularly; there is another pin at the upper end of the
push rod 24 which engages with a stop block 65 on the arm 62 and
prevents the release arm 19 from dropping when the safety gear comes
into action; 63 is a pin on the safety lever against which the leaf
spring 64 acts when it swings the safety lever to the right, the spring
itself being fastened to a bracket on the governor casing at its up-
per end.



130 VALVES AND VALVE GEARS

Spring-actuated Dashpots

265. Either vacuum or spring dashpots are used on the Rice and
Sargent engines. The principle of the vacuum dashpot has already
been illustrated in Fig. 155. The Rice and Sargent spring-operated
dashpot is shown in Fig. 164, where the rod 2 is the same as the rod A
in Fig. 157, and also the same as rod 11 in Fig. 159. This rod is fas-
tened into the dashpot plunger 12, Fig. 164, by means of a ball joint,
80 as to allow for the slight swaying action of the rod as its upper
end moves in the path of the
pivot 7, Fig. 159. The spring 1
is relied upon to start and push
down the plunger 12 rapidly
and thus to rotate quickly the
steam valve and close the steam
port after the toe has been
tripped from the latch, thus
taking the place of the vacuum
in vacuum dashpots. As the
plunger 12 is lifted against the
compression of the spring, the
air above the plunger escapes
through the opening 17 in the dashpot body to the outer space 14. .
Air is admitted under the plunger, as it rises, through the lifting of
the steel ball at 10 and through an adjustment valve at 8 at the
end of the adjustment rod 5. This air, as the plunger falls, forms
a cushion to bring the plunger to rest without noise or shock.
During the fall of the plunger such air as is permitted to escape
passes only through & into the outer case which acts as an air reser-
voir. The opening at 8 can be varied by turning the handle 3, thus
varying the cushion as desired. At 4 is a set screw for the adjust-
ment rod 5. The dashpot case is shown at 15. The pipe 7 is for
connecting space 6 and 14 with the outer air when the casing 15 is
set into a concrete foundation. Similarly, pipe 9 is for draining oil
which collects in the casing.

F1G. 164.—SPRING-ACTUATED DASHPOT

Disengaging Clutches

266. A telescopic disengaging clutch that will throw the live-
steam eccentric out of action and permit the valves to be operated
by hand is indicated at L in Fig. 157, and is shown in detail in Fig.
165. The solid center rod 6 is the part of the rod T, to the right of
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L in the Fig. 157, and the hollow rod 4 is the part to the left. When
the handle 4 is in the position shown, the two parts are firmly con-
nected as one solid rod because, first, the teeth 3 on the arm 4 are in
enghgement with the teeth
2 on the rod 6, and second,
the ends of the arm 4 fit
snugly against the two col-
lars 7, 7, which are fastened
to the hollow rod 6 by set
screws. When the handle 4
is thrown about one-quarter
turn to the position 8 the
teeth 3 of the handle simply
move into an open channel
or groove I in the rod 6,
while the teeth on the rod A
6 remain in their stationary // 7////4 N
position at 2. Thegroove I  —_. V ,3@&\\\\\\;}\
is slightly wider and deeper ////// /
than the teeth 3 on the ot
handle and so the rod 6

which receives its motion FI1G. 165.—DISENGAGING CLUTCH
from the eccentric is free to slide back and forth without driving the
part of the rod which leads to the steam valves. An exactly similar
disengaging clutch is used on the exhaust clutch rod.

SETTING OF VALVES AND ADJUSTING OF GOVERNOR AND Rops oN
RicE AND SARGENT ENGINES

267. The proper and best setting of valves, governors, and eccen-
trics, and the adjustment of rods and levers of valve-gear mechan-
isms for a given set of conditions involves, fundamentally, a thorough
understanding of the layout or design of the valve gear. From this
a set of directions may be, and usually is, written by each engine
manufacturer and sent out to operating engineers, where their en-
gines are installed. Such directions, as prepared by the Providence
Engineering Works in connection with their Rice and Sargent Engine,
are given in the following paragraphs.

Setting Valves and Eccentrics

268. For setting the valves, see that all connections are so adjusted
that the rocker levers are plumb, then turn the eccentrics around on
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the shaft and see if the eccentric rod is adjusted so that the levers
will travel equally each side of the plumb line. Now place engine on
the forward center and make coinciding marks on the crosshead shoe
and the slide, then move engine backward so that those lines will
be 14 to % inches apart, then move steam eccentric around on the
shaft so that the valve and port will be line and line, and moving to
open.

For the exhaust on the high-pressure side, move the engine back
about 314 inches and set eccentric so that valve and ports are line
and line and moving to close the proper valve. Then turn engine on
to the back center and do the same thing, only turn engine back more
than 314 inches and then move engine up to the marks the way the
engine is to run, so as to get out all back lash. If marks do not come
exactly the same as at the front end, make up half the difference on
the eccentric rod and move the eccentric so the lines on valves and
ports come together again. Then do over the whole setting again.
Try at all times to keep the length of the rod connecting the two rocker
levers so that the two levers will be plumb at the same time.

On low-pressure side, the steam valve should be set to open
about 34 inch from end of stroke and exhaust valves close from 6 to
8 inches from end of stroke. .

On tandem engines make a mark on front end of high-pressure
sole plate clamp when engine is cold, then note the amount the high-
pressure cylinder moves back after the engine is thoroughly heated,
then lengthen out the long clutch rods the same amount. This will
make valves in high pressure about the same as if set with engine hot.

The steel plates on latches and toes should lap by each other
when engaged, }{s inch on cylinders up to 22 inches diameter; % inch
on cylinders from 24 to 30 inches, and 14 inch on cylinders above
30 inches diameter.

The “gap” or distance the steel plates move by each other be-
fore engaging is adjusted by the dashpot rod and should be kept as
small as practicable; }{s inch on small cylinders to 14 inch on larger
ones.

Setting the Governor

269. All parts of the governor should work freely and all cut-off
connections should shake freely endwise on their pins. Governor
cross shaft must be perfectly free.

Governor may be made more sensitive by screwing one or both
the plugs out of the spring, and less sensitive by screwing those
plugs into the spring. One-half turn of one plug is enough for a trial.
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This operation necessitates taking the spring out of the governor
and putting it into a vise.

To make the engine run faster, turn the spring screws so as to
put more tension on it. The reverse operation will make the engine
run slower. One turn of each screw will usually make a difference
in speed of about one revolution of the engine. Keep ends of spring
equally distant from the weights. )

Adjusting Cut-off Rods

270. In adjusting the cut-off rods for high-pressure side of com-
pound engines and for simple engines, adjust the rod from governor
to forward valve gear so that the latch at the front end of cylinder
will just let go for the latest cut-off, with governor on stop. A good
way to determine this is to adjust rod with engine running slow, so
that latch will barely hold on and not let go. Then shorten the rod
about one-half turn and the latch will always be sure to let go and
give the governor the greatest range of cut-off obtainable. Also when
the governor is at the top or bottom of cam slot the latch should clear
the toe and prevent opening of steam valve. Then square up the cut-
off by adjusting the cut-off rod between the front and back bonnets.

In adjusting the low-pressure cut-offs, get the valves square so
that the cut-offs will be equal on front and back ends, by means of
the cut-off rods between the front bonnets. Then adjust the cut-off
rod from governor cross shaft so as to get the receiver pressure desired.
This with steam pressure of 100 to 150 pounds for rated load on
condensing compound engines will be in the neighborhood of 10 to 15
pounds; on non-condensing compound engines, from 36 to 40 pounds.

Low-pressure cut-off should always be so adjusted as to allow
low-pressure steam valves to open slightly when governor allows toe
and latch to pass each other on high-pressure side. This adjustment
is made when the proper receiver pressure is obtained and not in
foregoing. This adjustment will prevent racing on light loads, and
in getting ready to put on load.

SINGLE-ACTING STEAM ENGINES

271. All of the valves thus far described are for double-acting

_ steam engines, that is, engines admitting steam on each stroke. With
one prominent exception, practically all steam engines are double-
acting. This exception is the steam engine manufactured by the
Westinghouse Machine Co., and is known as the Westinghouse ““ Ju-
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nior ”’ (see illustration, Fig. 166). The piston valve is moving to the
. right and admitting steam to the right-hand cylinder, as shown by
the arrows. At the same time, steam is exhausting from the left-
hand cylinder. When the valve is over to the left it will be admitting
steam to the left-hand cylinder, and the exhaust steam from the
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F1G. 166.—WESTINGHOUSE *JUNIOR" SINGLE-ACTING STEAM ENGINE

right-hand cylinder will be passing longitudinally through the inside
of the hollow piston valve to the exhaust pipe E. :

272. The Westinghouse ““Standard” is also a single-acting engine
and is illustrated in Figs. 167 and 168. The cylinders and steam
chest are all cast together with the steam chest a little back of the
cylinders and inclined to them. This construction permits the
cylinders to be a little closer together and thus made more compact.
Also, it causes the valve, by reason of its weight, to be in constant
contact with the same side of the steam chest. With the joints of
the packing rings of the valve on this side, leakage is minimized.
Considering the above form of construction, it will be noted that the
two cylinders I and J, shown in section in Fig. 167, lie in the plane
of G H, Fig. 168, while the section of the valve and steam chest lies
in the plane of E F. Likewise the section in Fig. 168 lies in the
plane of A B of Fig. 167.

In Fig. 167 the valve is rising and just beginning to admit
live steam from the steam pipe K around the outside of the body of
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the valve through the port M to the cylinder I. Also steam is ex-
hausting from the cylinder J through the port N directly to the ex-
haust pipe Q. In Fig. 168 the valve is shown at the phase when
the engine has turned 180 degrees beyond that shown in Fig. 167
and it is there falling and just admitting steam to the port N, while

K2
-
1]

Ir/ﬁ
/

A

‘%

aNN

%

SN
NS

&

]
N
A

_’”0/”
I

i)
"

N
N\

T

\\\\\\
AN
NS

........... -

/,;// 1

7 7 P
== (EN
i\ | B
ZL“‘ Vg

N,
AR\

RSN

P

-
N
NN

i
’I

NN

S S

S -y

_OEOE

SN

I
S\

NN
N
=

NA

O

N

Z
% 22

N,

I
]
\\\\\\‘\\\

w—

AN
N
AN

T

R

W

R W

N

=]

Fi1G. 167 - Fi1G. 168

F1G68. 167 AND 168.—WESTINGHOUSE ‘' STANDARD'' SINGLE-ACTING STEAM ENGINE

the exhaust steam is escaping through the port M and through the
inside of the hollow valve to the exhaust pipe Q.

The small piston at R acts as a crosshead and also as a
steam-chest cover, keeping the exhaust steam from passing into the
crank case. The narrow piston at S acts as a balancing device to
prevent the back-pressure from exerting its influence on the piston R.
The space above the piston S is open to the atmosphere through a
hole shown in the steam-chest cover at A.

273. In the Westinghouse engine lubrication of the crank pin
and of the enclosed accessible moving parts is obtained by a splash
system in which the crank case is first filled with water high enough
to half submerge the crank pin when at the bottom of its throw, and
on top of the water is floating a few gallons of heavy-bodied
lubricating oil. The pipe at T connects the exhaust with the crank
case for the purpose of supplying water should the level in the crank
case become too low for satisfactory lubrication. Relief valves U
and V, Fig. 167, are also used in the cylinder head of this engine to
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afford a safe escape for any entrained water that might come over
from the boiler or from pockets in the steam pipes. These valves
operate against spring pressure.

274. A further distinctive feature of this single-acting steam
engine is the offset given to the center line of the cylinder. This is
shown in Fig. 169, where A represents the crank shaft, C K H L the
crank-pin circle, C F one of the positions of the connecting rod, B M
the center line of the cylinder, and A B the amount of the “offset,”
which is equal to one-half the crank length
in the Westinghouse engine. This offset re-
duces the angularity of the connecting rod on
the downward driving stroke, the maximum
angle being C F B, thus reducing side pressure
and permitting the steam pressure to act more
nearly at right angles to the crank than in the
double-acting engine. On the up-stroke the
angularity of the connecting rod is, of course,
increased because of the offset and the maxi-
mum angle is shown at H G B, but on this
up-stroke no work is being done, so that the -
large angularity is no real drawback. It may
also be observed that the crank pin travels
through more than 180 degrees on the down-
stroke and less than 180 degrees on the up-
stroke, as explained in full, in principle, in
paragraph 138.

Fro. 160.—Sn o Piston Travel Increased by Offsetting
::‘nnn .om:'rwgow'g: Cyli"der

i’;ﬁ‘;’;f‘;;, %‘2‘31‘3; Acr- 275. In all offset constructions the length

of the piston stroke is slightly greater than
the diameter of the crank-pin circle. The extremities of the
piston stroke at D and E may best be found by taking a radius
equal to I + r and striking an arc from A as a center. It will cut
B M at D. Similarly, the point E is obtained by taking A as a
center and striking an arc with I — r as a radius. [ equals the as-
signed length C F of the connecting rod, and r equals the radius
A C of the crank. The length D E may be readily computed, for D E
=BD - BE.

1
Taking r =1 and I = 5, and the offset A B =§A C,
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2
;

A'— BA = (41— (%)2

A
_ 12
D' =(5+1) — (—-) — 35.75, or BD = 5.98.

Ao, BE' =EA' - BA = (-~ (3) =6- 10— (%):

15.75, or BE = 3.97.

.".DE = 598 — 3.97 = 2.01, whereas the diameter of the crank-
pin circle is 2.00.

NorRpBERG ENGINES

Nordberg Standard Corliss Valve Gear

276. The Nordberg ‘“Standard Corliss Valve Gear” is constructed
as shown in Fig. 170, where the reach rod R C from the wristplate is
shown attached to the “steam lever” C, C,, Cs,C,, which swings freely
on the outer end of the steam
bonnet T. This steam lever
carries a rocker with an arm
L, L to which are attached a
steel-plate at L, and an arm
Ly M, which is pressed down
by the flat spring S. The
spring on its free end presses
against a vertical faced sur-
face on C;. The steel plate
L engages with the plate K on
the arm K A A,, which is
keyed to the valve-stem rod V.

L drives K and remains in en- "% 70T NOTRERS SrapARD Conuiss
gagement with it until the

arm M meets the cam curve F on the cam block B, B,, By, when
the rocker M L, L, L is slightly oscillated, thus drawing L away from
K, and allowing the dashpot to pull down the “drop arm” K 4 4,
by means of the dashpot rod Q A. For earlier cut-off the cam rocker
B B, B, is rotated forward slightly by the governor through the
rod B P, thus causing the arm M to meet the cam curve F sooner
and so oscillate the arm L; L and cause an earlier disengagement
between L and K.
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Nordberg Long-Range Valve Gear

277. The Nordberg long-range cut-off valve gear is distinctive in
that it uses a Corliss valve and iricludes a mechanism which permits
it to cut off at any point up to 0.8 of the stroke when using a single
wristplate. In other forms of Corliss valve gear it has been necessary
to use two wristplates, one for the admission valves and one for the
exhaust valves when cutting off at later than about one-half stroke
as explained in paragraphs 239 and 240. That part of the Nordberg
long-range gear which surrounds the valve stem is shown diagram-
matically in Fig. 171 for the phase at which cut-off is just starting.

278. The reach rod 14 from the wristplate oscillates a three-
armed spider 2, 2, 2 which turns freely on the steam bonnet indicated
at 11. At the point 9 on the second arm of the spider is freely sus-
pended a cam arm 8-17

L) [0 & & with a cam slot 18-21

& whose arcs are con-

7&’ 2 centric about the point

. \ Dt 9 but of slightly differ-

\ i y ent radii. There is a

. \u short steep transition
dotl [/ curve at 19 joining the

N D) o) i two concentric arcs.
‘ TN | The third arm of the
AWK spider carries a 90°
X ~'/ < F u rocker 3, 1, 19 on the
NN a4 1 pin at 1. The squared
end 3 of this rocker

Fio, 171 —oromeno Love Ravos Cotuie U0 engages  with the

squared end § of the
drop arm 5-11 which is keyed to the valve stem. The end
19 of the 90° rocker carries a roller which works in the cam slot.
The rod 16 is pivoted to the cam arm at 12 and it leads, through the
governor mechanism, to an eccentric keyed to the main shaft of the
engine, as will be shown at 14-27 in Fig. 172. This eccentric gives
a motion to the pin 12 of the cam arm as shown by the fine-line arc
20. The wristplate gives equal angular motion to each of the three
arms of the spider, as indicated by the ares at 15, 10, and 22. The
rod 7 leads to the dashpot which is situated above the cylinder on
the engine from which this illustration was taken.
The proportions and motions of the mechanism are such that if
the engine passes the normal speed at no load, the roller rides
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back and forth only in the short-radius part of the cam slot 18.
Since the points 13, 9, and 1 are fixed with respect to each other
and since, in this case, the roller 19 is always the same distance from
9, the cut-off edge 4 of the 90° rocker will move in an arc of a circle
about 71 and will not engage the edge 4 of the valve arm § at all.
Consequently the valve will not be opened. With the engine running
below normal speed the roller engages only with the long-radius
part 21 of the cam slot and the edge 4 of the 90° rocker is thrown in
slightly, so that it travels always in an arc of shorter radius about
11, but it now engages the edge 4 of the valve arm all of the time,
and so admits steam for nearly full stroke. For normal conditions the
cam arm is so positioned by the rod 16, through the governor, that
the roller 19 rides partly on the curve 21 and partly on 18, mounting
the transition curve at 19 each cycle of the engine. As the roller
mounts this transition curve the 90° rocker oscillates slightly on
the pin 7 and allows the drop arm 5-11 to swing down, the motion
being hastened by the dashpot through the rod 7. The eccentric on
the main shaft always gives the same amount of swing 20 to the pin
12 on the cam arm, but the governor changes the position of this arc.

279. The cam arm 8-17 has no fixed center of motion, and it is,
in fact, what is termed a ‘“floating’”’ arm. The mechanism as here
presented shows only the fundamental elements for a kinematic
analysis. In the Nordberg gear there are the usual refinements of
construction and adjustment and in addition, in particular, a safety
device is provided at I in which the two arms 19-1 and 1-3 of the
90° rocker are separate pieces of material. These separate pieces are
connected through a compression spring which is sufficiently stiff to
compel all of the separate parts to act as one solid piece when running
under regular conditions, but which will yield to still greater com-
pression should the head 6 of the valve arm fall in front of the arm 3
while the roller 19 is in the part 21 of the cam slot. If it were not for
the yielding of the spring in such an emergency the arm 1-19 would
break or would be severely strained. This detail of construction is
further explained in paragraph 283.

280. The governor control of the Nordberg long-range valve gear
is represented in Fig. 172. The solid or one-piece wristplate is
shown at 6 with provision for a starting handle at 4. The rod 35
from the main eccentric drives the wristplate through the hook
plate at. 46 and the arm 44.

A bracket 23 clamped to the governor column 24 gives a fixed
point of support to a parallelogram of bars, 15, 18, 25, and 28 at the
corner 17. When the governor is full down, or the engine is running
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below normal speed, the corner 22 of the parallelogram is pressed
down, the three-armed rocker 29 is rotated clockwise, and the cam
arm 13 is pulled over so far to the right that the roller 38 rides only
on the larger arc of the cam slot. In this position there is steam
admission during a large part of the stroke as explained in connec-

F1G. 172.—NORDBERG LONG-RANGE VALVE GEAR AND GOVERNOR

tion with Fig. 171. The rod 27 from the cut-off eccentric drives the
arm 15 through the pin at 37, and this arm, in turn, drives the three-
armed rocker to which the governor rods 14 and 46 are attached.

For any one steady speed of the engine, or for any one governor
position, the three-armed rocker 29 remains parallel to itself through-
out the cycle. This becomes evident by noting that 17 is a fixed
point and also that 22 is fixed for any one steady position of the
governor. Therefore the short arm 18 of the parallelogram is fixed
and the corresponding arm at 28 must remain parallel to it despite
the motion that comes through 27. If 28 remains parallel to itself
at all phases, 29, which is rigid with it, must also remain parallel to
itself. This parallelism is necessary in order that the cut-off at each
end may be affected equally.

281. A safety device that automatically shuts off steam, should
the governor belt 34 break or run off the pulley 36, operates as fol-
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lows: The roller weight 33 falls, turning the rod 31 and arm 30, and
pulling down the rod 26, at the end of which is a loop that, in turn,
swings an arm 21. This arm is so fulcrumed that it presses sidewise
against a rod from the governor collar. This rod has an open-hook
engagement with the parallelogram pin at 22 and when pressed
sidewise it moves out and allows the spring 20 to raise the pin 22
and so turn the three-armed rocker 28-29 counter clockwise. This
moves the cam arms so that the rollers work only in the short-radius
slots, and in this position the valve stems are not rotated at all as ex-
plained in connection with Fig. 171, and no steam is admitted. A
governor oil-pot is shown at 16 for steadying the a,ctlon of the governor
part of the valve gear.

Nordberg High-Speed Valve Gear

282. This type of valve gear is given here in order to point out
characteristic details of design that contribute to uniform wear, to
minimum wear, and to accuracy of motion during long-running
periods. The kinematic action is practically the same as for the
long-range cut-off gear. Briefly, the principles of the details of
design for this high-speed valve gear are to have the main or heavier
forces acting through the valve gear all in one plane of action and
to have the cut-off edges and the rotating pins supported at both
ends instead of at one end only. In Fig. 173 the principal forces act
in the plane which passes through the axis of the reach rod 23, the
mid-section of the “hook” or knock-off arm 21, the mid-section of
the drop arm 19, and the axis of the dashpot rod 718. The pins con-
necting 23 and 1, 21 and 2, and the cut-off edge of the drop arm 19
are all supported at two ends. Tt is, of course, generally impossible
to have all forces of a valve gear acting in one plane, and the mechan-
ism is then so designed that the lighter ones will be offset as shown
by the construction of the governor connections where the forces
acting through the governor rod 11, the cam slot and roller 9, and
the arm 7 are all in different planes; and the pin connection from 3
to 6 is supported only at-one end. Such offset forces, when large,
produce serious localized wear at one side or another of the sliding
surfaces.

283. The parts of the high-speed Nordberg Corliss valve gear
which are not mentioned above are as follows: 2, 2, 2, a three-
armed spider operated from the wristplate through rod 23 and
carrying the “hook” or knock-off arm 21-20 and the supporting pin

15 for the cam arm 14 This splder turns freely on the bonnet indi-
! .
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cated at 713. The valve-stem housing or bonnet is attached to the
main cylinder casting at 17. The dashpot is shown at 16 and is above
the cylinder instead of in the flooring below the cylinder, where it
is usually placed. The remaining parts and the kinematic action
of all the parts are the same as
explained in connection with the
long-range cut-off gear in par-
agraphs 277 to 281.

The safety device for saving
the arm 7 in case the knock-
off arm 21-20 should jam against
the head of the valve-stem arm
19 is indicated at 6-3. The
crank 6-22 is keyed to the pin
which carries 21-20. The cylin-
der 5, which is a rigid part of
the crank 6-22, contains a heavy
compression spring which holds
the cylinder § firmly against
the top surface of the arm 7 and
a bolt head 4 firmly against the
bottom of arm ?. This spring
is strong enough to prevent all
relative motion between the
arin 7 and the crank 6-22 in
ordinary running when, of
F16. 173.—NORDBERG HIGH-SPEED CORLISS course, the arm 7 turns about

VALVE GEAR . . . . -
an imaginary point which is

in line with the axis of the pin 6. In case of the emergency
mentioned above, the arm 7 presses down the bolt head 4, com-
presses the spring in § still further, and moves out of contact with
5, the turning of the arm ? now being about the axis of the pin at 3.

Valve Motion Diagram for Nordberg Corliss Valve Gear

284. A valve-motion diagram for a 16-inch and 32-inch by 30-
inch cross-compound condensing Nordberg Corliss engine is shown
in Fig. 174. A method for laying out the diagram as here given is
explained in full detail in connection with drafting-table problem
No. 5 in paragraph 246. In the present layout it will be noticed
that the wristplate arm A B and the reach rod B E are allowed to
pass the dead-center position just before they reach the position
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A B,. This is true also of the arm A C and the rod C M just before
the position A C. is reached. This crossing of the dead-center
position gives the rocking cylindrical valve, when direct-connected,
an exceedingly small motion during the time necessary for the pin B
to travel four times the length of the arc B; B;. This motion is so
very small that it is scarcely visible, and for this reason it is some-
~ times stated that the Corliss valve is at rest for this period. It is
during this period that the valve is always closed, and consequently
there is full steam pressure on the back of the valve, and it is highly

of
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F16. 174.—VALVE MOTION DIAGRAM FOR NORDBERG CORLISS VALVE GEAR

desirable to have no sliding action. Practically this slight sliding
action is nil, for the reason that the “back travel’’ of the live-steam
valve, while B travels from B; to B, and back, is taken up at the
engaging steel plates K and L, Fig. 170, and the back travel of the
exhaust valve is taken up, especially after a little wear, by the lost
motion in the valve gear pins.

285. The admission and exhaust valves at F and L are patented
by the Nordberg Manufacturing Co. The admission valve at F is
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four-ported and is so designed that there are but four leakage sur-
faces at Gy, Gy, Gs, and G, when the valve is closed. In most Corliss
valves there is a chance for leakage at two places for each port open-
ing. In the phase of the mechanism shown in the diagram the
eccentric on the main shaft has its effective radius in a vertical
position and the va'ves are on center so that the overlapping dis-
tances at Gi, G, G, and G4 are equal to the steam lap. It will be
recognized that this four-ported valve is in effect two double-ported
valves in one specially formed cylindrical casting.

The exhaust valve L is double-ported with exhaust laps as shown
at N; and N;. In order to relieve the live-steam pressure which
comes on the exhaust valve at O and P at the beginning of the stroke
and while it is still moving, a channel is provided at R through the
valve to the opening at S. The direct steam pressure at O and P
drives the valve against the valve seat at U, while the steam pressure
which is introduced at S counteracts this. The weight of the valve
is taken up by a gib T and a flat spring of a wave form, on top of it.

PosiTive CaMm VALVE GEAR

286. A modification of the yoke cam is used in the Nordberg
high-speed poppet-valve engines of their “Type S.” This cam is
distinctive because of its

2 positive drive of the valve
in both directions without

the aid of the usual return

spring. It is illustrated in

Fig. 175, where 6 is the ec-

s centric rod, 7 the cam disk
swinging about the center 5,
and 8-10-12-11 the cam fol-
lower swinging about the
center 10. The two rollers
at 8 and 12 work on comple-
mentary curves on the cam
disk, the curves being laid
6. 175 Postve G “f‘ Vave Gax ron out so that the contact be-
) N01;.DBEBG POPPET VALVE ENGINE tween the rollers and the
cam surface shall be just

close enough to prevent any “play” or lost motion. The general
idea underlying the construction of these complementary curves is
the same as that for the construction of the ordinary yoke cam with

N
22\
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roller followers, but the details of construction vary somewhat, due to
the fact that the line connecting the centers of the rollers is a chord
of the pitch cam surface instead of a diagonal.

The cam follower takes hold of the valve stem at 11. In order
to allow for any inaccuracy and for expansion, a small compression
spring is placed at 16 immediately above the valve, so that in closing,
the lifting shoulder 16 of the valve stem drops an exceedingly small
distance below the corresponding shoulder on the valve and allows
the valve to seat under spring pressure. The double valve seats are
designed so that the apex of the cone seat between 2 and 3 lies on
the valve center line and is in the plane of the flat seat at 7. This
accords with the principle of having the apexes of the two cone seats
at the same point on the center line as explained in connection with
Fig. 258.

EFFECT OF SUPERHEATED STEAM ON VALVE CONSTRUCTION

287. The use of superheated steam with its high temperatures
has led in Europe generally, and in many quarters in this country,
not only to the use of poppet
valves instead of sliding valves,
but also, in the case of the engine
here illustrated, to the abandon-
ment of live steam cored pass-
ageways in the cylinder casting
itself. As may be seen in Fig.
176, which is a perspective of
the parts shown in Fig. 175,
‘there is no steam chest as in
the ordinary saturated steam
engine. The main cylinder is
shown at 20 and the valve chest
is a separate casting as at 17-24
and is bolted on to the cylinder.
The valve bonnet is shown at 14  pe. 176.—CYLINDER AND SEPARATE
in Figs. 175 and 176’ and the VALVE CHEST FOR NORDBERG EN-

. e . GINE USING SUPERHEATED STEAM
valve casing at 17. The opening _
at 4 is for taking thermometer readings. The exhaust eccentric
and rod are shown at 22 and 23 in Fig. 176. 24 is the live-steam
pipe. The engine-cylinder bore is indicated by the dash circle 19 in
Fig. 175.




SECTION VI.—ECCENTRICS AND SHAFT GOVERNORS FOR
STEAM ENGINES ‘

ECCENTRICS

288. An engine is “reversed” when its direction of running is
changed from ‘“over” to “under,” or vice versa. This reversal is
usually accomplished by a special form of gear or link-mechanism
between the valve and main shaft.

289. When the valve and eccentric are direct connected,* reversal”’
can only be obtained by a wide movement of the eccentric, which
will have.to be equal at least to the angle C A V, Fig. 180, to secure
reversal at all, and will have to be equal to 2 C A V to secure the
same steam-port opening, etc., in reverse running. Eccentrics that
move automatically by means of the centrifugal force due to weights
in the flywheel, generally have a narrow motion less than the angle
C A V, and permit the engine to run in one direction only, but with
variable cut-off. In the eccentrics treated below, they will, for com-
pleteness of analysis, be assumed to have a wide range of motion
from full speed forward or “over,” to full speed backward or “under.”
Theoretically such motion may be considered, although practically
it can not be secured in governor-controlled eccentrics on account of
structural difficulties.

290. Before taking up the several forms of eccentrics, their
action will be reviewed in connedtion in Fig. 180. H K is the engine
shaft; C is the center, and L N the bounding circle of the eccentric
sheave; W Y is the eccentric strap; T S the eccentric arm which is
rigidly fastened to the eccentric strap, and connected at the end T
to the valve rod; and the circle C J is the path of the center C of the
eccentric sheave, the diameter C J being equal to the valve travel in
this case.

Classtfication of Eccentrics

291. All eccentrics may be divided into three classes:
1. Fixed eccentrics, in which the eccentric sheave L N, Fig. 180,
" is an integral part of the shaft, or is firmly keyed to it. In this class
of eccentrics the valve travel is always the same and equal to C J.
Also the angle of advance remains the same and is equal to H A C.
2. Rotating eccentrics in which the sheave turns freely on the
146
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engine-shaft under the influence of a flywheel governor. In this
group, which is illustrated in Fig. 181, the valve travel remains always
the same and is equal to 2 A C, but the angle of advance varies from
LAC to LA D, etc., according to the load on the engine. The

-

"F1G. 180.—* FIXED'' ECCENTRIC

double-arm extension shown at P @ is rigidly attached to the eccen-
tric sheave and the links from the governor weights connect at P
and @, as shown at K K in Fig. 189.

3. Slotted eccentrics, in which the valve travel and the angle of
advance both change at the same time automatically, according to
the load. Slotted eccentrics are subdivided into,

(a) Swinging or curved-slot eccentrics. See Figs. 182, 190, and 191.

(b) Straight-slot eccentrics. See Figs. 183, 192, and 193.

In the curved-slot eccentric, an arm J O N, Fig. 182, is rigidly
attached to the eccentric sheave and
“the point O is pivoted on a fly-wheel
arm so that the curved slot in the
sheave will allow the center point C
of the sheave to swing into the posi-
tions D, E, or intermediate positions
as influenced by the governor. In the
- straight-slot eccentric two arms are
rigidly attached to the sheave and
these are caused to move in parallel
lines with equal velocities -by the Fie. 181.-Rorating Eccentric
shaft-governor mechanism as illus-
trated in Figs. 192 and 193. Thus the straight-slot eccentric
sheave moves across the shaft with a straight, or practically
straight, motion.
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Reversing with Eccentrics

202. To obtain full reversal in an engine with any one of these
eccentrics, it would be necessary to move the eccentric-center from
C (Figs. 181 to 183) to G, as may be seen in Figs. 184 and 185, where
the eccentric has been moved from A C to A G. The arrows on the
crank show the resultant change in the direction of running. In

Fi1G. 182 Fi1g. 183

F1G. 182.—SWINGING OR CURVED-SLOT ECCENTRIC
F1G6. 183.—STRAIGHT-SLOT ECCENTRIC :

every case, Figs. 181 to 183, H A C is the angle of advance and A C
the half valve-travel for one position of the eccentric; H A D is the
angle of advance and A D the half-travel for another position of the
eccentric, etc.

Exercises Showing the Relations between Eccentric Positions and
Zeuner Diagrams

293. As essential exercises, the student should here draw diagrams
similar to Figs. 184 or 185, assuming the angle of advance and the
sizes for all parts:

1. For engine running over, with crank set at dead-center, crank
end.

2. For engine running over with straight reversing rocker-arm
when the crank is on dead-center, head end.

Other exercises necessary to a full understanding are:

3. The drawing of Zeuner diagrams for head-end only for the
eccentric-center positions, C, D, E, and G in Figs. 181-183. Draw
these diagrams double size and assume the same steam and exhaust
laps throughout, and note the effect on lead, and on the four principal
crank positions.
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Effect of Location of Pivot in Curved-Slot Eccentrics

294. In using the curved-slot or swinging eccentric, it makes a
difference which side of the shaft the eccentric is pivoted on, as Fig.
186 will show. The solid part of this figure is similar to Fig. 182.

F1G. 184.—RUNNING ‘OVER"’
F1G6. 185.—RUNNING ‘“ UNDER"

The dotted lines are added to represent the eccentric if it were de-
signed to swing about Q instead of O. A is the center of the main
shaft. C is the center of the eccentric sheave and, for the position
shown, S A C is the angle of advance, and A C, the eccentricity.

If the eccentric is moved about O so as to give the angular advance
S A D, C will go to D, and A D will be the eccentricity.

If the eccentric is moved about Q so as to give the same angular
advance S A D, C will go to B, and A B will be the eccentricity.

F1G6. 186.—SHOWING Emc'r.or LOCATION OF PIvoT IN CURVED-SLOT ECCENTRICS

When C reaches E the engine is in mid gear, and if C were moved
to G the engine would be in full gear, running in reverse direction.
By constructing a series of Zeuner circles with the angles of advance
SAC,SAD, and S A E (see Figs. 187 and 188), it may be shown
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that the lead increases largely toward mid gear by using pivot O,

F1G. 187.—SHOWING INCREASE IN LEAD,

SWINGING ECCENTRIC

and that it is reduced toward
mid gear by using pivot Q.

Eccentric Replaced by
Swinging Pivots

295. When motion may
be taken from the end of a
shaft instead of from some
point along it, a pivot in-
stead of an eccentric may
be used to transmit motion
to the valve. Eccentrics, it
will be observed, have large
sliding surfaces between
the sheave and the strap;
also, they are extravagant
in both space and weight.
With these disadvantages
of the eccentric it may well

be worth while to consider other forms of construction, especially

when a wider variation of
control of valve motion may
be secured.

296. If a simple straight
arm were pivoted to the out-
side of the flywheel at the
point O in Fig. 182 and if the
other end of the arm con-
tained a pin at C, C would
swing in the same arc CD E
in which the center of the
eccentric sheave now swings,
and the valve motion would
be identical with the two
forms of construction. Figs.
197 and 199 show two promi-
nent forms of construction
in which pivots instead of
eccentrics are used. The

F1G. 188.—SHOWING DECREASE IN LEAD,
SWINGING ECCENTRIC

governor mechanism is shown in both cases and will be described
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later, our present consideration being satisfied by pointing out
that G is the pivot to which the rod leading to the valve stem is
attached and that the point @, Figs. 198 and 199, swings in an arc
G H about F as a center. It will be noted that the location of the
pivot G in these two cases gives the same characteristic valve motion
as the swinging eccentric whose center is at @, Fig. 186, and also
gives a series of Zeuner circles resembling those illustrated in Fig. 188.

SHAFT GOVERNORS

Ezxamples of Practical Eccentric and Flywheel Governor Construction

297. The Buckeye governor shown in Fig. 189 has a rotating
eccentric giving equal valve travel at all cut-offs and rapidly increas-
" ing lead with earlier cut-offs. The
governor is of the centrifugal
type, the weights W W swinging
out about the centers O O against
the tensions of the springs C C.
The links D K connect the arms
O D, O D with the wings attached
to the eccentric sheave at K K.
As W moves out the center B of
the eccentric sheave rotates about
A and increases the angle of ad-
vance (E A B), thus giving earlier
cut-off. The valve of the Buck-

N . F1G. 189.—BUCKEYE SHAFT GOVERNOR,
eye engine is composed of two ROTATING ECCENTRIC
parts as illustrated in Fig. ‘141.
The governor and eccentric here described control the auxiliary or
cut-off blocks C C, while the main valve A A A A is moved by
another eccentric of the fixed type.

298. The Westinghouse and the Straight-Line governors illus-
trated in Figs. 190 and 191 respectively have swinging or curved-
. slot eccentrics and both give decreasing valve travel with earlier
cut-offs. Both eccentrics swing about the point O on the flywheel,
the former being moved by the centrifugal weights C and D, which
act in unison through the link H K against the springs S S. The link
M N connects the weight C with the eccentric sheave. The governor
is shown with the weights full out in the position due to highest
speed. The center O for the swinging eccentric, it will be noted, is
symmetrically placed on the crank position A R. This means that
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the engine as it starts from rest has slightly increasing lead similar
to that shown at I J, I K, and I E, Fig. 187.

299. In the Straight-Line governor, the material in the weighted
arm C D which swings about F is so distributed as to secure the
combined action of centrifugal and inertia forces and so move the
eccentric about its pivoted point O. This governor is shown in its
starting position, or for latest cut-off. The center O for the swinging
eccentric, in this case, is to one side of the crank position A R and

F1G. 190 N F1a. 191

F1G6. 190.—WESTINGHOUSE SHAFT GOVERNOR, SWINGING ECCENTRIC
F1G. 191.—'' STRAIGHT-LINE'' ENGINE GOVERNOR, SWINGING ECCENTRIC

this causes the center B of the swinging eccentric to move in a
curved path such that its locus, starting, say, at C in Fig. 187, would
cross the vertical line C J and thus place the point E between J and
I, or to the left of I. In the Straight-Line engine the point O is so
taken that the lead is positive from 74 to 34 cut-off and negative at
the shorter cut-offs. The purpose of this is to neutralize to some
extent the results of too early compression and release on short cut-
off and too little compression on late cut-offs, both of which follow
to a greater or less degree on slotted eccentrics generally.

300. In the three governors thus far described, A R represents
the crank position, A B the virtual or effective radius of the eccentric.
and E A B the angle of advance. :

301. The governors illustrated in Fig. 192 and 193 operate
straight-slot eccentrics, while the governor shown in Figs. 194 to
196 operates a pair of eccentrics in such a way as to secure an action
equivalent to that of the straight-slot eccentric.

302. In Fig. 192 the frame C C is securely attached to the shaft
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whose center is O. The position shown is for the engine at rest; as
it speeds up the weights W W fly out, and the center of the eccentric
sheave A moves straight across and changes the angle of advance,
for example, from D O A to D O A’, and
the eccentricity from O 4 to O A’, pre-
serving censtant lead. That constant
lead results from a straight-slot eccen-
tric may be seen by considering that
the path of the center of the eccentric
sheave is the straight vertical line C J
in Fig. 187, instead of the curved dash
linein C D E. Then if the Zeuner circles
be drawn on A L and A J as diameters,
the lead for each of these positions, and
for the initial position A C of the diam-

. . . F1G. 192.—GOVERNOR WITH
etral llne, will be I J in each case and STRAIGHT-SLOT ECCENTRIC

will, therefore, be constant.

303. Another form of straight-slot eccentric is that manufactured
by the Fitchburg Steam Engine Company, illustrated in Fig. 193.
The two pins S and E in the eccentric sheave move in short arcs

following closely the
vertical center line,
K thus giving to the cen-
H ter B of the sheave ap-
= proximately the same
straight-line motion as
0 is secured by the Watt’s
N parallel motion mech-
T anism. Thus practi-
NG cally constant lead is
S QN obtained. The weights
0 O balance the weights
® of the eccentric and its
K strap, and also the
valve and valve rods in
vertical engines, taking
F16. 193.—PITCHBURG GOVERNOR, STRAIGHT-SLOT the effort to move these
ECCENTRIC
parts off the governor.
Both the centrifugal weights act in unison through the links K C, K’ F’
and lever arms S D, E D', to move the eccentric as the engine changes
speed. The engine may be made to govern when running in a reverse
direction by transferring the ends of the connecting links K C, K’ F’
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from C to F and from F’ to C’ respectively, and putting on a new
eccentric sheave, or by changing over the old one so that the slot in
the newly arranged sheave will permit the center B of the sheave to
be operated within the required range above the horizontal center-
line. The governor, in the position drawn in Fig. 193, is at rest or
running at very low speed, R A being the position of the crank,
E A B the angle of advance, and A B the half valve-travel. In this
governor both the centrifugal and tangential accelerating forces are
employed, but they act in entirely separate capacities through entirely
independent weights instead of being combined, as in Fig. 191.
304. The Armington and Sims governor, Figs. 194-196, has a
combination of two eccentrics, the first being loose on the shaft and

Fia. 194 Fi16. 195

F1G. 194.—GOVERNOR WITH DOUBLE ROTATING ECCENTRICS, AT REST
F16. 195.—GOVERNOR WITH DOUBLE ROTATING ECCENTRICS, AT FULL SPEED

<

the second one surrounding the first. The inner eccentric is con-
nected, through arms and links, to weights W and Z as shown; the
outer eccentric is connected to W only. The weights W and Z are
pivoted to the arms D and M of the flywheel, which is keyed to the
shaft S. Fig. 194 shows the governor mechanism when the engine
is at rest, and Fig. 195 running at top speed. In the latter position
the governor has a minimum eccentricity, as shown at S’ R’ in Fig.
195, and also in the center-line sketch, Fig. 196, in which S represents
the center of the shaft, and the other letters, the corresponding
points of Figs. 194 and 195.

When starting up, the eccentricity of the inner eccentric is S O
(see Figs. 194 and 196), that of the outer eccentric is O R with respect
to the inner eccentric, and the effective eccentricity of the combina-
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tion is S R, the angle of advance being T S B. The proportions of
the mechanism are such that the theoretical angle J O R remains
constant.

As the speed of the engine increases, the points E, G, J, O, R, and
Hgoto E', G, J, 0, R, and
.H’ respectively and S R’ be-
comes the eccentricity and
T S R’ the angle of advance.
If the path of R (R R’) is at
right-angles to the line of
stroke S D, this combination
of eccentrics will give the
changes in both eccentricity
and angular advance with a
constant lead, and will be an
exact equw?'lent of & straight- FIG. 196.—SHOWING iL‘QUlVAwN'r ACTION OF
slot eccentric. DOUBLE ROTATING ECCENTRICS

305. The above-described :
governors show the practical applications of the eccentrics as
classified on page 146. Two other well-known practical examples of
flywheel governors, which use a pivot in place of an eccentric, will
also be shown.

306. The first is the American Ball governor illustrated picto-
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F1G. 197.—AMERICAN BALL ENGINE

rially in Fig. 197, and in skeleton outline in Fig. 198. The governor-
arm B C is pivoted to the flywheel at A. A link D E connects it to
a secondary arm J F which is pivoted at F to the flywheel. G is a
pin on the secondary arm to which the valve-stem rod is attached.
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It may be seen, then, that if O K, Fig. 198, is the crank, A O G is the
angle of advance and as the engine speeds up, G will move to H on
an arc about F, and the characteristic valve action at different cut-
offs will be somewhat similar to
that obtained by the dash-line ec-
centric which turns about @ in Fig.
186. And further, the Zeuner dia-
grams for the several cut-offs will
resemble those shown in Fig. 188.
This governor is so proportioned that
it is in gravity balance throughout
the cycle. The center of gravity of
the governor arm is to the right of
A, while the center of gravity of the
secondary arm is to the left of F and
Fm;’fgjiﬁﬁ"é‘omx"' practically at the axis of the shaft
O so that it will develop no centrif-
ugal force. Another feature of construction recently applied, is
the use and arrangement of double springs, as illustrated at M P
and M N, Fig. 197, for the purpose of reducing the ill-effects
caused by the swaying of single springs due to centrifugal force,
and by gravitation.

307. Another form of construction that is widely known as the
Rites governor and which is used on a number of different makes of
steam engines, is shown in Fig.
199. It is simple in construction,
it operates the valve at different
loads similarly to the eccentric
shown by dash lines in Fig. 186,
and it gives Zeuner diagrams at the
different cut-offs which resemble
those shown in Fig. 188. It is
illustrated diagrammatically in Fig.
199, K O being the crank, NO G
the angle of advance, G O the half
valve-travel, O H the lap, and O L
the lap plus lead. The weighted
bar B B swings on the pivot F
which is secured to the flywheel arm; and its position is con-
trolled by the speed of the engine and counteracting spring R S.

F1G6. 199.—RITES GOVERNOR
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CoMPARATIVE INDICATOR CARDS FROM DiIFFERENT KINDS OF
EcCENTRICS

308. Comparative results obtained on the indicator card by the
different forms of eccentrics operated by shaft governors are illus-
trated in two of the most used forms, in Figs. 200 and 201. It will
be seen, in general, that the compression, W’, X’, Y’, increases very
rapidly and becomes very large with the earlier cut-offs; also that
the preadmission, N/, 0’, P’, increases rapidly in Fig. 200. The release
also comes too early with the early cut-off and the compression too
late with the late cut-off for smoothest and most economical running.
Negative exhaust lap, which is used under some conditions, has the
effect of making the compression much later on the earlier cut-offs,
and the release earlier.

309. Different makes of shaft governors are designed to meet cer-
tain average conditions, and to give best action throughout a certain

F1a. 200 Fia. 201

F1G6. 200.—INDICATOR CARDS FROM CURVED-SLOT ECCENTRIC
F1G. 201.—INDICATOR CARDS FROM STRAIGHT-SLOT ECCENTRIC

range of cut-off, these different designs leading to the-claims of dif-
ferent manufacturers. For example, the straight-slot eccentric
gives a wider range of cut-off, 0.228 to 0.780 against 0.332 to 0.780"
for the curved-slot, Figs. 201 and 200; the curved-slot, a more
uniform maximum compression, as may be seen by comparing the
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points N’, 0/, P’ in the two figures; the straight-slot a smaller range
of preadmission; the curved-slot more area in the card, etc., etc.,
for given angles of advance. Some of these points may be construed
as advantages or disadvantages, or as lesser evils, according as one
sums up all the conditions of a design.

310. The effects on the indicator card are changed by some
engine manufacturers from those shown in Figs. 200 and 201, either
by placing the locus of the eccentric center for different cut-offs as
shown at C E in Fig. 188, or by placing the locus approximately in the
position that F I, Fig. 200, would have if the point F remained

stationary and I were swung to the left in an arc until it again met -

the horizontal center line A C.

311. Since preadmission is, under ordinary conditions, the most
powerful factor in ‘‘ compression,” or smooth running over the dead
centers, it must be looked to critically in design work. It will be seen
from Figs. 200 and 201 that preadmission is always variable, even
when the lead is constant, and that the straight-slot eccentric gives
the narrower range of preadmission.

312. The American Electrician, in the November, 1901, issue,
illustrated twenty-two different forms, or makes, of the shaft gov-
ernor, all making use of centrifugal force, or centrifugal force in
combination with tangential and angular-accelerating forces. The
American Electrician was combined with the Electrical World in
January, 1906.

THROTTLING GOVERNORS

313. The shaft governor, as has been shown, regulates the speed
of the engine by changing the point of cut-off. All governors which
regulate in this manner may be placed in one class, and called ‘“auto-
matic cut-off governors.”” There is another class of governors which
regulate the speed of the engine by throttling, or, in other words, by
reducing or increasing the steam pressure while the cut-off remains
constant. An example of this latter type is shown in Fig. 202, which
is an illustration of the Pickering governor. A belt from the engine
shaft drives the pulley A, and this rotation is carried through the bevel
wheels B B and the collar M to the three weights C C C, which are
attached to the flat springs D D D. Should the engine get above
normal speed, ‘the weights would fly out, and in so doing would draw
down the valves F F through the collar N and the spindle E, thus
reducing the passageway for live steam and consequently the steam
pressure. G is live-steam inlet, and H the opening to the steam
chest. The valves F F are balanced, the steam pressure being on
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all sides alike. The fly-balls C C C and the spindle E constitute what
is known as the revolving pendulum.

314. The revolving pendulum is also applied as a governor for
changing the point of cut-off, as used on the Corliss and other engines
and illustrated in Fig. 149, in which O is a pulley operated by a belt
N from the engine shaft. The rotation is carried to the two fly-
balls V V through a spindle in the post Y.
As the engine speeds up above normal the balls
V V fly out, lift the weight W, and turn the

“rocker S P Q through a rod T S in the post
Y. The governor rods L and M are attached
to knock-off cams, which, by their oscillation,
regulate the point of cut-off, as shown in the
explanation of the Corliss valve gear.

DRAFTING-TABLE PrROBLEM, NO. 6.—COMPAR-
ISON OF RESULTS FROM STRAIGHT-SLOT

AND RoTATING ECCENTRICS

315. Construction of Comparative Indicator
Cards: One obtained from an eccentric having
a straight slot, which gives a constant lead
with a variable travel and angle of advance; the other obtained by
rotating an ordinary eccentric, which gives a constant travel with a
variable lead and angle of advance,

316. A comparison of the results obtained by the use of the two
kinds of eccentrics mentioned in this problem may be shown to
best advantage by assuming a concrete example in which both
eccentrics are designed to cut off at a given point in the stroke, and
then moving each so as to produce cut-off at an earlier point in the
stroke.

To facilitate the work the student may refer to the Zeuner dia-
gram of Drafting-Table Problem No. 1, in which the cut-off is at
34 stroke. Construct the indicator card for the head end for this
case, using a live-steam pressure of 80 lbs. gauge, with 2 Ibs. back
pressure and 4 40 spring. Assume a clearance volume of 5 per cent.

In Fig. 203 the dotted construction work is taken from the Zeuner
diagram of Problem 1, C O representing the crank position for the
given cut-off, D K L the steam-lap circle, G F the lead, and D E F
the Zeuner circle. ’

To construct the Zeuner diagram for the rotating eccentric for
any other cut-off, such as at O J, draw K M perpendicular to O J,

F1Gg. 202.—PICKERING
THROTTLING GOVERNOR
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and the arc N E P with O E as a radius. The intersection of K M
with this arc gives the point R, the extremity of the diameter of the
Zeuner circle for cut-off at O J.

To obtain the Zeuner diagram
for the straight-slot eccentric for cut-
off at O J, for example, locate the
point S at the intersection of K M
with E F, EF being the line of con-
stant lead. Then O S equals the
diameter of the Zeuner circle for
the straight-slot eccentric cutting
off at O J. In this problem take O J

Fia. 203.—Rewative Zeuner Du- for cut-off at 0.30 stroke and con-
S o MOTATING AND STRAIGHT- gtruct superimposed indicator cards
for the two cases.

317. Draw in the symmetrically situated Zeuner circles for the
complete reveolution, and locate and designate the piston positions
for all events of the stroke. Enter the results in a table as follows:

PER CENT OF STROKE COMPLETED WHEN

MgTHOD Angle | Travel
OF Lead

of of
GOVERNING | Advance| Valve Admission | Cut-off | Release | Compres-

i Takes i 3
Begins Place Begins  [sion Begins

Both eccentrics
at ... cut-off

Rotating eccen-
tricat ...... .
cut-off

Straight-slot ec-
centric at ...
cut-off

[




SECTION VIL—PRACTICAL STEAM ENGINE VALVE GEARS

328. Link motions are extensively used in engines where.reversals
in the direction of running, variable speeds, etc., are required. This
occurs chiefly in locomotives, marine engines, rolling-mill engines,
etc. Of all the link motions the Stephenson has been, perhaps, the
most largely used. It is illustrated in Fig. 214, which represents, in
a diagrammatic manner, its application to the locomotive.

STEPHENSON GEAR

329. The explanation of the action, in a general way, is as
follows: For the position shown, the valve is being operated, through
the rocker, by means of the forward eccentric only. This is evident
from the fact that the slide block, which is pivoted to the end of the
rocker arm, is in direct line with the forward eccentric rod; in this

Notch 1~ Full Gear Forward
« B= « « Backward
w 8=Mid « -
«  2-~Intermediate Gear Forward
“« 4= “ «  Backward

Wi
Forward Eccentric-rog

F1G. 214.—STEPHENSON VALVE GEAR

position the backing eccentric rod has no influence on the valve
motion.

If, now, the reversing lever be moved so as to clasp in notch 2, the
link, through the reversing rod, bell crank, and hanger, will be raised
so that the saddle-block pin is closer to the slide-block pin. The slide
block, which will then have a motion due to both eccentric rods, will

161
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have a shorter horizontal swing, and the valve consequently will
have less travel, less port opening, earlier cut-off, and will furnish
less power to the engine.

With the reversing lever in its central position, or notch 3, the
saddle-block pin and the slide-block pin will be over each other, and
the travel of the valve and port opening will be & minimum.

Method of Reversing

330. The link and the connections are so designed that when the
reversing lever is moved to notch 5 the backing eccentric rod is raised
so as to be in line with the slide-block pin, which is thus drawn to
one side or the other, except when the engine is on dead center.
This causes the rocker to turn on its shaft, and move the valve to
the right or left to such an extent that the opposite port may open
to steam and reverse the engine. When the engine is on dead
center the slide block and valve will remain nearly stationary when
the link is raised or lowered and the cylinder on the opposite side
of the locomotive with its crank at 90° must be relied upon to
start up.

A Valve Gear at any One Setting Equivalent to an Eccentric

331. The link, operated by two fixed eccentrics, is, for any one
phase or notch setting, a mechanical equivalent for a single curved-
slot eccentric. Such an equivalent eccentric is sometimes called a
> virtual eccentric, The link, however, has an advantage over the
latter, in that it is capable of such adjustment that practically
nullifies the irregularity of cut off and exhaust closure due to the
angularity of the connecting rod. The fact that any one setting of
a valve link-gear mechanism is practically equivalent to a single
eccentric is illustrated and explained in Drafting-Table Problem

No. 7.

ANALYsIs OF A LINK MOTION BY THE AUCHINCLOSS METHOD,
CONDENSED

332. A more definite idea of the complex action of the link and
its connecting mechanisms is shown in a graphical manner by the
method given by Auchincloss, as illustrated in Figs. 215, 216, and .
217. Fig. 215 is a center-line reproduction of Fig. 214, thelineO S RO
of the template in Fig. 215 corresponding to the center line O S R O
of the link in Fig. 214.

In Fig. 216 the lines 00, 11, 22, etc., represent the successive
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positions of the center line O 8 R O of the link during one cycle.
The curves U V and W X, which are envelopes of the link-center
lines of Fig. 216, are reproduced for clearness in Fig. 217. The length
of the horizontal line included between these two curves measures
“the limits of the horizontal travel of the link. For example, if the
slide-block pin is at H the valve travel is Y Z, and the travel of the
saddle-block pin is P T.

Detail Construction

333. Briefly, the order ofconstruction for the illustrations thus
far referred to is as follows, keeping in mind that all that is shown in
Figs. 215, 216, and 217 should be developed step by step on one
single figure. The figures are separated here to avoid complication
of line work.

In Fig. 215 take O’ for the shaft center and O’ C for the crank on
dead center. Lay off points A and B (according to the angle of
advance) as the eccentric-center positions for crank at O’ C, and
draw the eccentric-center circle. With the length of the eccentric
rods (4 M and B N) and the dimensions of the link template (M N,
M R, and N S) given, the eccentric rods and template may be drawn
in position as shown for the engine on dead center. Then taking
the lap plus lead from the angle of advance at A, lay it off from the
template edge at R to H. From H draw the vertical line and on it
lay off the given distance from H to G (the rock-shaft center). The
line H @ is then the position of the rocker when the valve is central,
and G R is the position of the rocker arm after the valve has moved
off center a distance equal to the lap plus the lead. (This position
is represented in Fig. 214, where the small port opening shown rep-
resents the lead. It will be noted that the crank O C is on dead
center, as it should be for this position of the valve.)

Lay off R L = lead; then H L is the lap. For illustration, assume
the lap to be 24 (lap 4+ lead). Then with the center line of the
rocker arm at G L the valve will have moved a distance off center
equal only to the lap, and admission will have begun.

334. The next step in the layout of a problem by this method
consists in cutting a template of some suitable material, with the
center line O R 8 O of the link as its right-hand bounding line, and
with notches at M, N, and Q, corresponding to the two eccentric-rod
pin points and the saddle-block pin point. This latter point must
always lie on the arc Q' Q @'’ described about F as a center, and the
points M and N must always lie on arcs described with the eccentric
rods as radii in their successive positions. The exact location of F
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depends on frame-work construction, and in this problem may be
assumed approximately as shown. The lines on which M and N
must always be found are obtained as follows: Divide the eccentric
circle, Fig. 216, into a convenient and sufficient number of parts
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F1Gs. 215-217.—~ANALYSIS OF STEPHENSON LINK MOTION

depending upon the accuracy required—six are shown in this case.
These divisions are laid off in the direction of rotation, first from A
for the forward eccentric, and then from B for the backing eccentric.
From each of these division points, draw the arcs, la, 2a, and 1b,
2b, etc., using the eccentric-rod length as a radius. These arcs will
contain the points M and N of the template in its successive positions
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and in addition the point @ of the template must always lie on the
arc Q' Q Q. The template may now be adjusted for the six positions,
thus giving the lines, 00,1 1,2 2,383, 4 4, and § 5 in Fig. 216. Draw
envelopes to these curves as shown at W X and U V.

335. In Fig. 217 these envelopes are reproduced. Draw the
arc H I with a radius O’ H. With H as a center draw the lap, and lap
+ lead circles, with H L and H K as radii, respectively. Draw simi-
lar circles at M. Then with O’ as a center draw the arcs L M and
L' M’; the travel of the slide-block pin from the center arc
HItoL M orto L M is, approximately, just sufficient to take up
the outside lap of the valve. Draw a curve tangent to the lap +
lead circles at the top and bottom, and also tangent to the envelopes
at P and T; the travel of the slide-block pin between the two curves
H I and K T is just sufficient to move the valve a distance equal to
the lap plus the lead. Since the arcs K T and K’ P are not parallel
to H I, the lead will vary with the different elevations of the link.
The distance from L’ M’ to W X is the port opening and it is variable.

{3 Sl,ip"

336. In the practical adjustment of the link and its connecting
mechanism for precise work, one great difficulty arises on account
of the “slip” which occurs between the slide block and the link.
This slip is shown in Figs. 215 and 216 as follows:

The upper dotted loop shows the path of the point R on the sur-
face of the link during one revolution of the crank. A corresponding
point of the surface of the slide block can only travel in the are
H' H H" about G. It follows, therefore, that slip during one revo-
lution equals the distance S, Fig. 216.

In planning a link motion it is necessary to reduce this slip as
much as possible, on account of wear. When the link is in such a
position that the saddle pin is directly over the slide-block pin,
the slip is’comparatively small.

Open and Crossed Rods ’

337. Links may be connected with the eccentrics in two different
ways, either by “open rods,”” as shown in Fig. 218, or by “closed”
or “crossed’” rods, as shown in Fig. 219. When the centers of the
two eccentrics (A and B) lie between the shaft and the link, and the
projections of the rods do not intersect, the rods are said to be

. “open.” When the eccentric centers lie between the shaft and the
link, and the projections of the rods cross each other, the rods are
said to be “crossed.” It should be noted that the position of the
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crank has nothing to do with open or crossed rods, and it is not safe,
in general, to base a definition of open and crossed rods on the crank

D

B

F16. 218.—'OPEN"" Robs F1G. 219.—* CROSSED'’ RoDS

position as is frequently done, as the valve gear may include a
reversing rocker.

338. Other things being equal, open and crossed eccentric rods
give quite different steam distributions. In Fig. 220 the link is
shown in position I in full gear, and in position 2 in mid gear. It
will be seen that the lead for full gear is D E, and that for mid gear
it is — EF. In other words, the lead decreases from full to mid
gear, even to negative lead sometimes, as shown in this case, with
crossed rods. With open rods the lead increases from full to mid
gear, being shown equal to J K for full, and equal to J L for mid
gear, in Fig. 221. The effect of short open rods is to increase the
lead more rapidly, as also shown in Fig. 221, where M P is greater
than J L.

Stopping Engine by Placing Valve Mechanism in Mid Gear

339. Inasmuch as the half-travel of the valve in mid gear is
equal only to the lap + lead (Fig. 217), if the lead for mid gear is

Fi1G. 220.—SHOWING EFFECT OF Fi1G. 221.—SHOWING EFFECT OF OPEN Rops
CRO8SED RoDS ON LEAD ON LEAD

zero, or a minus quantity (as represented in Fig. 220), it will be
observed that the half-travel of the valve is equal to, or less than,
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the lap of the valve in crossed rods; in which cases steam will not be
admitted to the cylinder. Therefore, in a crossed-rod design where
the lead at full gear is small enough, it is possible to shut off steam
by placing the link in mid gear. With open rods this can not be
done, no matter how small the full-gear lead, for the reason that, as
has been stated, the lead increases from full to mid gear, and there-
fore the steam ports are open a definite amount for every setting of
the link when the engine is in dead center. In practice, generally,
open rods are used, and the lead for mid-gear position ranges from
14 inch to V4 inch with a common value 34 inch, while the full-gear
lead ranges from }{s inch to ¥ inch, governed principally by the
length of the eccentric rod.

340. Several practical considerations in connection with link
mechanism should be pointed out:

1st. That the bell-crank shaft must be situated a sufficient
distance above or below the center line of motion so that the eccentric
rods do not strike it when raised or lowered to full gear.

2d. The hanger should be of such length that the link will not
conflict with the bell crank in any position. The length of the
bell-crank arm is usually equal to, or greater than, the hanger.

Relation Between Center Lines of Link Mechanism
and Engine Cylinder

3d. So long as the angular advance of the eccentric is laid off
from a line at right angles to the central line of the link motion, the
latter may be arranged to any inclination to the piston motion
without affecting the action of the link. In Fig. 214 the center lines.
of the link motion and the piston motion coincide. With proper
mechanical connections the valve motion would remain the same
if the link, eccentric rods, and eccentric sheaves were considered rigid
with respect to each other, while they were turned through any
desired angle about O as a center, the center line of the engine re-
maining fixed.

To DEesSIGN A STEPHENSON VALVE GEAR

~ 341. Although the Stephenson gear continues to be largely used
in marine and other types of engine construction, it is being quite
rapidly displaced in high-powered locomotive work, largely on
account. of the inaccessibility of the parts, and also the inertia of
moving parts which must be necessarily large and heavy. Other
considerations, such as detail of design and effectiveness of steam
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distribution, are also to be taken into account, but these can not
be explained to advantage until a further study of valve-gear con-
struction is followed through.

342. Space and time prohibit such an exhaustive analysis of all
valve-gear mechanisms such as is given in the present case to the
Stephenson gear, and it is, therefore, pointed out in this place that
an understanding of this Stephenson analysis, together with a de-
scription of other forms of valve gears, should enable a student to
make a similar exhaustive graphical analysis of any other case that
might be presented.

343. In order to make a direct and practical application of the
graphical method involved in laying out a Stephenson link motion
for an actual case, let the following data be given:

Ratio of crank to connecting rod = 1 :714.

Eccentric circle diameter = 514 inches.

Maximum cut-off = 0.92 stroke.

Center to center of eccentric pins (M to N of Fig. 215) = 13 inches.

Center of eccentric pin back of link arc (M K and N S, Flg 215) = 3 ins.

Mid-gear lead = 34 inch.

Length of hanger = 18 inches.

Exercise Problem: Find the steam lap, full-gear lead, point of suspension of
link, and location of tumbling shaft.

344. The mid-gear lead is given in this problem for the reason that
the valve travel is least at mid gear, as may be seen in Fig. 216 or
217, and the lead therefore constitutes a much larger percentage of
the steam-port opening near mid gear than it does in full gear. In
fact, at mid gear the lead and steam-port opening are the same.

345. In designing link motions for actual service it must be kept
in mind that the work can not be carried out from start to finish
with mathematical precision, but that approximations must be
made in several of the steps, and finally, adjustments made to secure
the desired results.

To Find Mid-Gear Travel

346. The first step in the design will be to find the mid-gear travel
of the valve for the assigned conditions. Special directions for doing
this will be found in the succeeding paragraph, the general plan being
to lay off the eccentric centers F and B, Fig. 222, for the forward and
backing eccentrics (for a 92 per cent cut-off) when the piston is at
one end of the stroke, and f and b likewise when the piston is at
the other end of the stroke. Then, taking the eccentric-rod lengths
and a template (such as in Fig. 224) whose edge coincides with the
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center-line curve of the link, the extreme positions of the link arcs
y z and y; 2z, Fig. 223, may be found by placing the eccentric cen-
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F1G8. 222 AND 223.—DETERMINING MID-GEAR TRAVEL, LAP, AND SADDLE-PIN POSITION

ters at F and B, and f and b, respectively, thus giving d; d; as the

travel in mid gear.

347. In following the general plan outlined in the preceding

z R Y

F1G6. 224.—LINK TEMPLATE

paragraph the student may need
to refer to the following direc-
tions as to detail: Figs. 222
and 223 are connected, the dis-
tance from the point F in Fig.
222 to the arc F in Fig. 223 be-

ing equal to the length of the eccentric rod, which is 4614 inches

149} inches — 3 inches).
for 92 per cent cut-off, and is
found to be equal to about 17
degrees for this problem.

348. The reason for connect-
ing 17 degrees angular advance
with 92 per cent cut-off may be
explained by the following inde-
pendent example according to
explanation on pages 5 and 6:
Given the crank A C, Fig. 225,
and the eccentric A B with an
angle of advance of 20 degrees.
If we neglect lead, and give the
valve a steam lap equal to B D,
the steam port will just be open-

Thé angle G C F is the angle of advance

F1a. 225.—FINDING ANGLE OF ADVANCE
FOR A GIVEN CUT-OFF

ing at the crank position shown. When the eccentric A B gets to
A F, which also makes an angle of 20 degrees with A H, the steam
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" port is just closing and the eccentric has traveled 140 degrees.
The eccentric and crank being rigidly connected, the latter has
also traveled 140 degrees when cut-off takes place. If, therefore,
the position of the crank at cut-off is given in a problem, as 140 de-
grees, for example, it may be shown that the angle of advance neces-
sary to secure this equals 14 (180 degrees — 140 degrees) = 20 de-
grees, if lead is neglected. If the lead angle is taken into account,
and is, say, 10 degrees, as shown at B A K, Fig. 225, then the
cut-off will occur 10 degrees sooner with the same lap, or at 130 de-
grees, as may be seen by a study of Fig. 225. There being no revers-
ing rocker in this explanation, the eccentric precedes the crank,
and the angle of advance is laid off ahead of 90 degrees.

349. The student should note and understand that on account
of the reversing rocker which is used with the Stephenson link, the
eccentric must follow instead of precede the crank, and that the
actual angle of advance must be laid off back of 90 degrees instead of
in advance of it.

350. As the whole design is approximate, and, the full-gear lead
smaller than 34 inch but not yet definitely known, it may be neg-
lected in laying out the eccentric positions F and B in Fig. 222 (for
the crank at C D) and f and b (for the crank at C E).

Since the eccentric-rod pins are 3 inches back of the link are, the
eccentric rod itself is 4914 inches — 3 inches or 4614 inches long.
With this as a radius, strike the arcs F, B, f, b, of Fig. 223, with the
corresponding points of Fig. 222 as centers. Then construct a
template having a link arc of 4914 inches radius, and with incisions
as shown at M and N of Fig. 224, 13 inches apart and 3 inches back
of the link arc. Mark the point J midway between M and N. Then
adjust the template on the arcs F and B, Fig. 223, and draw the link-
arc position y 2z for mid gear. Similarly with the arcs f and b find
the link-arc position y; z. With the template in this position draw
J R, Fig. 224, coincident with the central line of motion C 4. Also
draw M Y’ and N Z’ parallel to J R. The arcs y z and ¥ 2z cross
the center line of motion at d; and d,, which therefore measure the
valve-travel at mid gear. The point A, midway between d; and d,
determines the location of the rocker shaft. It should be observed
that the distance C A is now slightly more than the assigned value
of 4914 inches, due to the curvature of the link are. This increase,
however, is neglected in practice, and A I is taken as the position
of the rocker arm when the valve is central.
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To Find the Lap of the Valve

351. From d; and d,, Fig. 223, lay off the given mid-gear lead of
34 inch equal to d;! and d2l;, and draw the circles 1, and d, d,.
A lis the steam lap, [ d, the lead, and A d; the half-travel for mid gear.

To Find Position of Center of Saddle Pin for Equalized Cut-off at
Half Stroke

352. The location of the saddle-pin center is, perhaps, the most
important feature in the design of a link motion, and should be
carefully selected. By a proper determination of its location the
cut-off on the two ends of the cylinder may be practically equalized
for any single point in the stroke.

353. Inasmuch as the inequality due to the crank angles is
greatest at about 14 stroke, the irregularity of cut-off will be greatest
for this position unless corrected. This design will, therefore, be laid
out to give equal cut-offs at one-half the stroke on each end of the
cylinder, with a symmetrical valve.

When the piston is at 14 stroke the crank pin D, Fig. 222,
will have advanced a little less than 90° forward stroke, and a
little more than 90° on the return stroke, and the eccentric
centers F and B will have advanced correspondingly. Find these
two angles, and lay the forward one off from F and B, thus obtaining
14f and 14 b, and the return-stroke angle from f and b which will
give the points f 14 and b 14. With the four points just found, as
centers, and with a radius equal to the eccentric-rod length (4614
inches), describe the arcs 15 f, 14 b, f 14, and b 14, Fig. 223. Adjust
the template with M and N on the arcs 14 f and 14 b, respectively, and
with the link arc passing through I. This will give the position
Yy, V42) for the link arc for 14 cut-off in the forward stroke.
Mark the position of J R of the template at 14 j, 14 r on the diagram.
In a similar manner y 14, z 14 and j 14, r14 may be found for the
position of the link arc for 14 cut-off on the return streke. The link
is now shown in the two positions for equalized cut-off, and inasmuch
as the point of suspension in locomotive practice is usually at the
center of the link, the saddle-pin center must be found on the lines
1437, Y4r and j 14, r 4. It must, of course, be the same distance
from the link arc in each position. Therefore, locate the two points
s and s; at equal distances from 14 r and r 14, respectively, and of
such length that a line ¢ ¢ parallel to the central line of motion may
be drawn through them. This line represents the path of the travel
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of the saddle-block pin, and is in reality an arc with the hanger as
the radius. For the short distance s s; it may be considered a straight
line. Having determined the point of suspension of the link make
the incision S on the template. (See Fig. 224.)

To Locate the Bell Crank or Tumbling Shaft for Equalized Cut-Off
at All Points of Stroke

354. The cut-off has now been equalized for 14 stroke where the
inequality due to the connecting-rod angles is naturally at its max-
imum. The influence of this inequality becomes less and less as
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0.92b
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Fia. 227

F1G8. 226 AND 227.—LOCATING BELL-CRANK SHAFT FOR EQUALIZED CUT-OFF

the cut-off grows later, and therefore if the maximum desired cut-off
(in this case 0.92 stroke) be equalized, all intermediate cut-off posi-
tions between mid and full gears will practically be equalized. This
may be accomplished by working out the proper location of the
tumbling shaft T, Fig. 227.

Figs. 222 and 223 might be used for this work, but it would
complicate the diagrams too much. Therefore, on a new diagram
lay off F, B, f and b with the same values as before; and find positions
0.92f, 0.92b, £0.92 and b 0.92, Fig.-226, for the eccentric centers
when the piston has traveled 0.92 of its stroke, in the same manner
as 151, 14b, etc., were found for 14 stroke. Then with the same
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eccentric-rod radius as before, describe the arcs 0.92 f, 0.92 b, £ 0.92
and b 0.92 in Fig. 227. Adjust the template so that M and N fall
on the arcs 0.92f and 0.92b, and the link arc passes through I.
Draw the arc 0.92 y 0.92 z and mark the point s, through the point
S on the template. This, then, is the position for the link at 0.92
cut-off running forward. Do the same for 0.92 cut-off on the return
stroke, and mark the position s;. Join s, and s; by astraight line
¢i¢:, which will be found to have a slight inclination to the central
line of motion, but too small to produce much ill effect. It could
be made parallel by placing s, and s; nearer the link arc, but this
would destroy the equality of cut-off at 14 stroke.

The saddle-pin locations s, ss and ss s7 for equal cut-offs in back
gear could be found if necessary, but in most locomotive work the
back gear is a counterpart of the forward gear, and these points
may consequently be placed symmetrically with respect to ss;
and s ;.

355. Having determined the stud positions for equalized 50
and 92 per cent cut-offs, it only remains to suspend the hanger in
such manner that for the several elevations its opposite end will
sweep through the corresponding positions of s 8, s; 85, etc. With
an assumed length of hanger (which is usually determined by the space
available) as a radius, and with s, s; as centers, strike ares intersect-
ing at . In a similar manner, with the other three sets of points,
obtain A, h2 and h;. These points will not fall on the arc of any
circle, but an approximate one may be found which will give a
center at T, and this point will be the center for the bell-crank shaft.

To Find the Lead on the Forward and Retumﬁ Strokes
in Full Gear

356. With the points F, B, f and b sweep arcs F, B, f and b on a
new diagram (not shown here) similar to those in Fig. 223, and ad-
just the template with M and N on F and B, and with S on ¢ ¢; of
Fig. 227. Mark the point in which the link arc intersects the line
of motion. (Figs. 226 and 227 are necessarily drawn on such a
small scale that instead of further complicating these figures by
drawing in this construction we will show the results of the con-
struction called for in this paragraph in the separate Fig. 228.) The
distance of this point to A, minus A [, will be the lead (equal d).
at full gear on the forward stroke. In the same manner, by using
arcs f and b, the lead on the return stroke full gear may be obtained
equal to I; d;. These leads (I d and [; d;) will be found to be slightly
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unequal, but on account of the large port opening at full gear, the
effect of their inequality may be neglected.

To Find Extreme Travel of the Link and the Skip

357. With the template in position on the arcs f and b as called
for in the previous paragraph, the point Y’ (Fig. 224) on the link arc
will have its greatest elevation for full-running position, as repre-
sented at y; z; in Fig. 228. The forward eccentric has its greatest
throw when F is at D, Fig. 226, then B is to the left an amount

corresponding to the arc F D, and the link is

& in its greatest inclined position, as repre-
T openng  Sented by the link arc gz, in Fig. 228.
] %VaveTravel For this position the point p of the link arc

is on the rock-shaft arc, and is the distance
p ys from Y’ on the template. For position
s 23 the point d; of the link arc is on the
rock-shaft arc. The maximum slip is, there-
fore, p d,.

Further detail and fuller descriptions for
laying out this link motion graphically is
given by Auchincloss on pages 90 to 135 in
his treatise on “Link and Valve Motions.”

Use of Models in Construction of
Valve Gears

F1a. 228.—SHOWING LEAD, 3
SL1P. AND HALFTRAVEL FOu 358. In many places the design of valve-

StepHENsON LINK GEar  gear mechanism is carried on entirely or in

part by means of models, the parts of which
may be varied in size or position or both until satisfactory valve mo-
tion is secured. :

Links
Classification and Types

359. Links, in general, may be classified in two independent ways:

1. With reference to their suspension, into “shifting” and
‘“stationary” links.

2. With reference to their form, into the “box” link, Fig. 229;
the “open” link, solid, Fig. 230; the “open” link, built up, and
more generally known as the ‘“skeleton” link, Fig. 231, and the
““double-bar” link, Fig. 232.
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Shifting and Stationary Links

360. The “shifting’’ link is represented in the Stephenson gear,
Fig. 214; the “stationary” link in the Gooch gear, Fig. 235, and the
Walschaert gear, Fig. 240. A
“ghifting” link is distinguished
by the fact that the link itself
is moved up or down to secure
variable cut-off or reversal; in
the ‘stationary’” link the
“radius-rod’”’ instead of the
link is moved to secure variable
cut-off or reversal.

Forms of Links in General Use

361. The forms of links most
used in American practice are
shown in Figs. 230, 231, and

232. In the link shown in Fig.

=N

. . Fia. 229 Fia. 230 Fia. 231

230 the eccentric-rod pins may

be placed on extensions of the Fras. 229'231'—51';;‘;"0“ Forus or
link arc A C,in which case the

diameter of the eccentric circle

must be greater than the J [4] E% e
travel of the valve. The b1 221 T—d
“double-bar” link, as shown : ¢ !
in Fig. 232, is applied princi- ! I & ifs Gjatr 5 —
pally to marine engines; its £ F I

action is shown in Fig. 233,
in which L is the link, P and
@ the eccentric rods, M the side
or bridle rods, N the rock-shaft
arm, O the rock shaft, or weigh
shaft.

The end of the rock-shaft arm is provided with a block operated
by a screw so that the valve may be adjusted without moving the
weigh shaft. The line of motion of this block is so designed that
when the link is in position for full gear forward the axis of the
screw and consequently the movement of the block will be in line
with the bridle bars, and any adjusting motion will be communicated
without loss.

F1G. 232.—STEPHENSON DOUBLE-BAR LINK,
ToP AND FRONT VIEWS
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The eccentric rod P (Fig. 233), by means of forked ends, is con-

nected to the pins A
C — J——J and B, Fig. 232, and
o_o o similarly @ is con-
nected at C and D.
G is the link block
through which the link
slides, and to which
the valve stem is di-
rectly attached; and
E and F, the pins to
which the bridle rods
are connected. The
pins E and F are in-

Fro. 233A s L dependent of the link
G. 233.—ARRANGEMENT OF STEPHENSON LINK AND
ROCK-SHAFT CONNECTIONS ON MARINE ENGINE block, and may be

o
7
>>
=
H
i

placed at the center
as shown, or at the ends as extensions of H I, or J K, or at inter-
mediate positions according to the requirement of the design.

DRAFTING-TABLE PrROBLEM No. 7.—COMPARISON OF RESULTS
From OPEN aND CRrossep Robs

Comparison of Theoretical Indicator Cards Obtained by Using Open
and Crossed Eccentric Rods as Applied to Link Motions in
Locomotive Practice

362. The comparison is to be made by causing both sets of rods
to produce the same cards at 34 cut-off and then to draw the cards
that each will produce at $4 and 14 cut-offs respectively.

363. With the valve and valve-gear data given, this problem is
most readily solved by finding the virtual eccentric which would
give the same motion to the valve as the link does for the specified
cut-off. This may be done graphically * as follows:

To Find “ Virtual” or Equivalent Eccentric Motion for any Setting of a
Stephenson Link Motion

Lay off O’ P’, Fig. 234, equal to the distance between the centers -
of the eccentric pins on the link, using any convenient scale. With
O’ and P’ as centers, and with a radius equal to the length of the

* For complete graphical demonstration, see * Designing Valve-Gearing,”
by E. J. C. Weﬁ:h, pp. 105 to 141. ’ ¢
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eccentric rod, describe arcs intersecting at O and draw O O’ and O P’.
Through O and D (the center of O’ P’) draw F O D, the central line
of motion of the valve gear.

With a radius O A equal to the radius of the eccentric, draw the
eccentric circle A BL to any convenient scale.- Describe the lap
circle O H; lay off the full-gear lead H K; and draw A K B perpen-
dicular to O D, thus obtaining A and B, the positions of the eccentric
centers for full gear.

A OI = the angle of advance. O A and O B are the diameters
for Zeuner circles for the link in full gear, for either open or crossed
rods. With open rods, O A will be the position of the eccentric radius
for going forward (i.e., running “under”’) and O B for backing (i.e.,

F16. 234.—To FIND “VIRTUAL'' OR EQUIVALENT ECCENTRIC FOR LINK MOTION

running ‘“over”), it being kept in mind that a reversing rocker is
used and that the crank is at O C.

- 364. The travel of the valve and the events of the stroke are thus
determined by the Zeuner circle A K O, for full gear. With the
slide block at any other position, such as at R’, the virtual eccentric
may be found as follows for forward running:

Draw A C perpendicular to O O’; this perpendicular, extended,
cuts the central line of motion at C and gives H C as the mid-gear
lead. A circular arc drawn through the points A C B corresponds
closely with the curve containing the loci of the extremities of the
diameters of the Zeuner circles (or the centers of the virtual eccen-
trics) for all intermediate positions. Therefore, the virtual eccentric
for the slide block at R’ has a radius O R, found by making A R :
ACB::0' R :0'S P, and the Zeuner circle N R O determines all
the events of the stroke, but not crank positions. They will only be
determined if the Zeuner circles are in the proper quadrant.

If the position of the slide block is desired for a given cut-off as,
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for example, with the crank at O M, R is found by drawing N R
perpendicular to O M and tangent to the lap circle; and R’ by the
proportion just given.

If the link is actuated by crossed rods the slide block (represented
at R’ for open rods) would be at R (R” P’ = R’ O’) to give the same
cut-off as before, and the Zeuner circle N Q@ O would show the steam
distribution. The arc A E B is found by drawing A U perpendic-
ular to the mean eccentric position O P’ for crossed rods, and noting
the point E where the perpendicular crosses the central line of
motion.

365. The necessary data for this problem may be taken from the
first eight items of the following table of dimensions of the valve
gear of a locomotive:

Stroke of piston.................. . i 24"
Maximum travel of valve.............................. 51"
Steamlap........... ... ... i 114"
Exhaustlap........... ... ... i i 0
Lead, fullgear............. ... ittt &
Length of connectingrod............................... 92"
Length of eccentricrods....................... ... ...t 571"
Distance apart of eccentricpins......................... 12"
Distance of eccentric pins behind link arc................. 3
Distance of tumbling shaft from main shaft............... 4"
Radius of tumbler.......................... ... ..., 17
Radiusof hanger...................................... 1314"”
Tumbling shaft above main shaft........................ 1215"”
Height of rock shaft above main shaft................... 834"

Mid-gear lead same on both strokes.

366. Enter a table of results on the plate as follows:

PER CENT OF COMPLETED STROKE

Admission 0
sion

Cut-off ‘ Release | Compres-

8 “ crossedrods.........
14 “ openrods...........
4 ¢ crossedrods......... ‘

Nore: Take initial boiler pressure of 85 Ibs. gauge with 2 Ibs. back pres-
sure and a 40 spring. Assume a clearance volume of 5 per cent. Make the
indicator cards 4 inches long.
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GoocH GEAR

367. The link for this valve gear is a ‘“stationary’ one and is
shown in Fig. 235. The characteristics of the gear are:

1st. That with the engine on dead center the slide block moves
up and down, while the link remains stationary.

2d. That the link curvature is convez to the engine shaft, and has
for its radius the length of the radius rod.

368. From the method of construction of this form of gear it
will be observed that the slide block may be moved from one end of
the link to the other without altering the position of the valve.
This means that the lead opening (shown in the sketch of the valve
section, Fig. 235) is constant for all positions of the slide block in

Reversing Rod or
Radius Rod Hanger

F1G6. 235.—GO0OCH GEAR

the link. With the Stephenson link the lead opening is dependent
on the arrangement of the eccentric rods, but with the Gooch link
the result remains the same whether open or crossed rods are used.
For stationary engines the Gooch gear is especially adapted for
use in connection with a governor, for the reason that the radius
rod throws a much less and more easily balanced load on the gov-
ernor than does the shifting link with its rods, hanger, additional
friction, etc. The Gooch gear takes much more space than the Ste-
phenson gear on account of the radius rod. Its simple construction
and obvious constant lead caused it to be much used in the early
days of valve gears, but it is now rarely if ever used. It remains,
however, one of the simple object lessons in reversing gears.

ALLEN GEAR

369. The special features of this form of gear are the straight-line
link G N, and the simultaneous operations of the link and the radius
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rod K L through the supporting rods F G and D H pivoted to the
rocker D E F, Fig. 236.

The main object in laying out a design using the Allen link is
to proportion the lengths of these reversing arms so that, as the link

F1G. 236.—ALLEN GEAR

moves up and the radius rod down, the point K will move in as
nearly an arc about L as possible. If it moved in a circular arc the
valve would have a constant lead opening for all cut-offs, as in the
Gooch motion. The Allen link gives less variable lead than the
Stephenson, and with long eccentric and radius rods the lead is prac-
tically constant. Properly designed reversing arms tend, inciden-
tally, to equalize the moments on the two sides of the reversing
shaft E. The sketch of the valve gear in Fig. 236 reproduces to fairly
accurate scale proportions that are in use on the London and North-
western Railway.

Further information concerning this gear may be found in “ Link
and Valve Motions,” by Auchincloss, pages 140 to 142.

FINk GEAR

370. Fig. 237 shows a center-line diagram of the Fink gear. The
point O is the engine shaft, O A the eccentric arm, and O B the crank
in line with O A. The eccentric rod A D is rigidly connected at D

F1G. 237.—FINK GEAR

to the link arc E F. The radius rod E J connects at J with the valve
stem. The arc E F is drawn with E J as a radius so as to maintain
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a constant lead at all gears. The point G in the eccentric rod is
designed to move in an arc coinciding as nearly as possible with the
line O J by being pivoted to the radial arm G H as shown. This
mechanism causes the link arc to move up and down and thus give
motion to the slide block E, which moves back and forth, and across
the upper half of the arc each cycle when running full gear forward,
and across the lower half when running full gear backward. The
travel of E, and consequently the travel and cut-off of the valve, is
regulated by the supporting rod K N, operated by the arm K L. A
mathematical discussion of this motion may be found on pages 87 to
94 in “Valve Gears,” by Spangler.

PORTER-ALLEN GEAR

371. This gear is a modification of the Fink motion just described.
It has been manufactured for many years at the Southwark Foundry
in Philadelphia, and is inservice ina large number of industrial plants
throughout the country.

The eccentric radius is represented by the line A B in Fig. 238,
and the crank by the line A R, and both are set in the same direction.

F1G. 238.—PORTER-ALLEN GEAR

The center of the eccentric sheave is at B and the circle B, B;, B;, Bs,
is the path of the eccentric center. If, in the Fink gear, the point D
is moved back to coincide with G, the principal feature of the Porter-
Allen motion is obtained. The latter gear is usually made to give va-
riable cut-off only and, therefore, the reversing arc (represented by
D F in the Fink motion) is omitted in Fig. 238. The Porter-Allen
gear operates separate live-steam and exhaust valves, the latter



182 VALVES AND VALVE GEARS

through the rod P @, which it will be observed is not adjustable, and
therefore gives constant release and compression for all cut-offs.

372. The path of the point E of the eccentric-strap arm is repre-
sented by the closed curve, E, E,, E,, E;, while the path of the point
E of the rod E G is represented by a curved line not shown in the
sketch, but which the student should be prepared to draw. Since
these two paths do not coincide, there will be continuous slipping, or
a quivering action, between the slide-block pin and the guide arc at
E, such as is common to curved link motions generally. The arc
E C has G for its center and, therefore, constant lead is obtained at
all cut-offs. The manner in which the governor controls the cut-off
is shown in the sketch.

J. T. MARsHALL GEAR

373. This form of gear, which employs a characteristic feature of
the Fink and Porter-Allen gears in its use of a curved link with rigid
arm K L J H in Fig. 239, was designed in 1901 by Mr. J. T. Marshall

—
7/// Z

J/‘k -
///////////// 0222,

Fi1Gg. 239.—J. T. MARSHALL GEAR

for locomotive use. It should not be confounded with the much older
and widely used radial gear which is known as the Marshall gear and
which is described later in this book. The present gear is designed
specially to give quick cut-off and quick exhaust closure, thus mini-
mizing wire-drawing of the steam and choking and back pressure in
the exhaust. The claims for this gear may be analyzed and com-
pared with any other gear by constructing the principal points of
the gear and the valves in a number of other phases, thus noting the
relative positions of the valve in its consecutive positions. In this
J. T. Marshall gear there are two eccentrics of different radii, one
180° behind the crank as represented at A C, Fig. 239, and the
other about 90° behind the crank as shown at A D. The latter
connects by the link D E to the bell-crank E F G, which turns
on a fixed pivot at F. The pivot F also supports a swinging arm
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which carries the curved link K L by the trunnion at J. The bell-

~crank arm F G supports the link G H, which gives a rocking motion
to the curved link K L about the swinging pin J. The arm H J is
rigidly attached to the link K L.

374. In the position shown in Fig. 239 the radius rod is raised to
full position forward, and the valve shows full port opening, although
the crank A B has not yet moved 45°. As the crank continues to
turn, it may be observed that the eccentric A C will draw the
link and the point K to the left, while the eccentric A D, through the
intervening mechanism, will swing the point K to the right, thus
nearly balancing the opposite tendencies to move the valve and
allowing it to remain nearly stationary. This not only helps to
maintain a full port opening, but decreases the problems of valve
balancing and of wear. The eccentric A C controls the lap and
lead of the valve, while the other eccentric A D is designed to
regulate the point of cut-off by changing the total travel of the valve.

WALSCHAERT GEAR

375. The mechanism composing the Walschaert valve gear is
entirely different from any thus far considered. The resultant motion
of the valve is due to two independent component motions, one pro-
duced by the eccentric C, the other by the crosshead D, as shown in
Figs. 240 and 241.

376. A is the center of the engine shaft, and A B the main crank.
The eccentricity A C is obtained by keying the eccentric crank B C
to the main crank pin B outside of the connecting rod BD. C is
taken at 90° with B, and the angle of advance, therefore, is zero;
this means, of course, that so far as the eccentric motion is con-
cerned the valve could have neither lap nor lead and steam would
be admitted for full stroke, as explained on page 4. The link R S,
sometimes referred to as a reversing link, oscillates on a fixed shaft
shown at K in Figs. 240 and 241. Any desired valve travel and
cut-off for either forward or backward motion of the valve may be
obtained by shifting the slide block J (attached to the radius rod)
along the link R S, by means of the radius-rod hanger U T. When
the slide block is below the link center the engine runs in one direc-
tion, and when it is above it runs in the opposite direction.

377. The arm D E, which is firmly fixed to the crosshead at one
end, connects at the other by means of a connecting link with the
“lap-and-lead”’ lever or ‘combining’” lever F G H. This lever,
known also as a “combination” lever, so combines the component
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eccentric and crosshead motions that the latter makes up for the
angular advance which was neglected in laying out the eccentric
center C. The lever is so proportioned that if the piston moves from

I Lap +Load T jius Rod . B
It VH K Q
Lever J
) p
P, 7 Do
© o) '—OrouheudAr;n
E

ead Link

F16. 240.—WALSCHAERT GEAR, INSIDE ADMISSION, SET AT MID-GEAR

F1G. 241.-—~WALSCHAERT GEAR, INSIDE Anmssle. SET FULL GEAR FORWARD

its central position to either end of the stroke while the radius-rod
pivot remains stationary, that is, while J remains at K, the vgtl've :
will be moved a distance equal to the lap plus lead in either case.
378. The Walschaert gear is used with both piston and flat valves
. and with the latter
the positions of the

NI K .
6 nd M valve-stem and radius-
e -— o2 -~ S~ rod pivots on the com-
rldg bining lever are inter-

changed, thus reversing
the direction of valve
: travel to accommodate
the outside admission of the flat valve, see Fig. 242. '
With outside admission, the. eccentric crank always leads the

F1G. 242.—WALSCHAERT GEAR, OUTSIDE ADMISSION,
SET FULL GEAR FORWARD
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main crank, if the link slide-block is in the lower half of the link when
running forward.

With inside adinission the eccentric crank always follows the
main crank if the link slide-block is in the lower half of the link when
running forward, as shown in Fig. 241.

. 379. In laying out and adjusting the Walschaert gear it should
be noted:

1st. That in order to get constant lead for all running positions,
the link arc R S must have a radius equal to the length of the radius
rod HJ and that when the main crank is on either dead center the
connections through the eccentric crank, eccentric rod, and link
must be such that the link arc R S has H of Fig. 240 as a center.
Then, no matter where the link block J may be located, whether
at the extremes for full gear (J, Fig. 241) or the center for mid-
gear (J, Fig. 240), the lead will be the same, for J may be moved
along the link, when in the posmon just described, without moving
the valve.

- 2d. The lap-and-lead lever should be vertical when the piston
is at the middle of the stroke and the radius rod in the mid-gear
position; also its length should be chosen so that its angular vibra-
tion shall not exceed 45°. . v

3d. The rod E F should be ‘horizontal at the end of the stroke
for external admission valves and horizontal at half stroke for in-
ternal admission valves, in order to correct for the error caused by
the angularity of the connecting rod and to give symmetrical motion
to the valve.

 380. A general analysis of the Walschaert gear motion may be
carried out by dividing the eccentric and crank circles into a number
_ of equal parts, starting at C and B, Fig. 240, and finding, by con-
struction, the corresponding positions of the lap-and-lead lever, -as
explained in connection with the link in the Stephenson motion. A
full descriptive article by Lewis D. Freeman, in The Railway Master
Mechanic, for June, 1914, gives the detail of the layout of a Wal-
schaert gear and shows it apphed to a- Paclﬁc locomotive having
24 by 28-inch cylinders.
"~ 381. The principal distinction between the Walschaert and Ste-
phenson gears, so far as steam distrébution is concerned, is that the
former gives a constant lead at all cut-offs, whereas the Stephenson
varies considerably. The Walschaert gear having been constructed,
it is impossible to change the lead without seriously disturbing other

" .. events of the steam cycle, and this makes it a less flexible gear than

the Stephenson. When, however, correct lead and steam distribu-
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tion is obtained, it is likely to be better maintained in the Wal-
schaert gear.

- 382. A modification of the Walschaert gear has been patented
and used, in which the attachment to the crosshead is omitted and
its place taken by a curved rod, concave upward, which is rigidly
fastened to the main connecting rod a short distance from the
crosshead. This curved rod, at its outer end, is pinned directly
to the lap-and-lead lever at F, thus doing away with one joint.
Such change in valve ‘motion as would follow this form of con-
struction may be determined by plotting the new mechanism in
its several phases, as illustrated in the drawing of the Baker gear,
Fig. 248.

383. With the Walschaert gear, just described, and the Hack-
worth and Marshall gears about to be taken up, it will be noticed that
variable travel of the valve, with consequent variable cut-off, and
also forward and backward running, are obtained with the use of
only one eccentric or its equivalent. The final motion given to the
valve stem in each case is the resultant motion of that due to the
eccentric, and to some other mechanical feature, which latter dis-
tinguishes the name of the gear. In addition to the gears just men-
tioned there are other types too numerous to describe here. All of
" this style are frequently grouped under the head of radial valve-
gears, the characteristic feature being that the resultant motion of
the valve is taken from a vibrating link. In the case of the Joy gear
soon to be described, there is not even one eccentric, but neverthe-
less the vibrating link is obtained.

384. The general advantages of radial valve gears are: Lightness,
compactness, small number of moving parts, and constant lead.
The general disadvantages are: Unequal valve motion, unless vibrat-
ing lever is long (Hackworth gear excepted), large transverse stress
on vibrating link in case of an unbalanced valve, or of high speed.

HackworTH GEAR

385. The Hackworth gear for producing variable cut-off and .
reversal of engine direction was patented in 1859 by John W.
Hackworth, and it was the first of the radial type.

386. In Fig. 243, O A is the engine crank, and O B the eccentric
which, in this gear, is always set either with the crank, or 180°
from it. B D is the vibrating link and is of constant length; H F, a
slide bar pivoted at the point G; K L, the valve stem, and K C, the
valve-stem connecting-rod. CMN is the path of the point C. The
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fixed point D on the vibrating link travels forward and back on the
slide bar once during each revolution.

By adjusting the inclination of the slide bar, the resultant vertical
motion of the valve is mnodified, and the point or cut-off varied.
When the slide bar is horizontal the valve motion is a minimum;
when its inclination is reversed, as shown at H, F,, the engine
is reversed. O P is the outward dead-center position of the crank.

F1G. 243.—HACKWORTH GEAR

When the crank is on dead center the vibrating link is at Q G or
R G, and the valve is off center a distance S T or T U. These dis-
tances are the same, and are equal to the lap plus the lead. There-
fore, if the lap is the same on both ends of the valve, the lead is the
same and is constant for all running positions, and is independent of
the inclination of H F.

387. According to the requirements of the design the. eccentric,
which must be in line with the crank, may be either on the opposite
side or on the same side; and the valve motion may be taken from the
vibrating link on either side of the slide bar, at C or at V. These
selections depend chiefly upon whether the valve admits steam from
the inside or outside.

388. In Fig. 243 it is shown by the heavy solid lines that for °

an angle of 180° between crank and eccentric and for motion
taken from the vibrating link between the eccentric and the slide bar,
that there must be outside admission and that the crank must turn
clockwise. Although the reason for this will be explained in Para-
graph 392, in connection with the Marshall valve gear, the student
should at this time be prepared to explain it without any further
reference or suggestion. Also, in Fig. 243, the dash lines show that
for 180° between crank and eccentric and for motion taken from
vibrating link at a point beyond the slide bar, that inside ad-
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mission must be used, and that the engine must turn counter-
clockwise.

389. This valve gear gives a good steam distribution, and is com-
pact. The objection to it lies in the excessive friction between the
slide bar and slide block. The slide block in some designs is pro-
vided with rollers.

MARsHALL GEAR

390. This gear, shown in Fig. 244, is largely used. -It is a modi-
fication of the Hackworth gear in which the straight-moving slide
block is replaced by a swinging pin moving in a circular arc. O A
represents the crank, O B the eccentric, B D the vibrating link,

F1G. 244.—MARSHALL GEAR

K C the valve stem connecting rod, and L K the valve stem. The
point D of the vibrating link swings in the circular arc F H about E
as a center. The pivot E is at the end of the arm G E, which is keyed
to a reversing shaft at G. The position of the arm G E is shown by
a heavy line for full gear forward. This position of the arm gives the
maximum travel to the point C, from which the valve motion is taken.
This travel is represented by the curve C M.

When the arm G E is perpendicular to O @, the motion of D is
approximately on the line O G, and the motion of C is a minimum, as
represented by the dotted closed curve C’ M’. To reverse the en-
gine for full speed backward the arm G E is thrown to G E,.

With the pivot at E the cut-off is maximum; at E, it is earlier,
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and at E, it is minimum and the port opening is equal to the
lead.

391. In the Marshall gear the eccentric is always in line with the
crank, either on the same or opposite sides of the shaft, as in the
Hackworth gear. The constant quantity, lap plus lead, for all cut-
off positions is shown at ST and T U in Fig. 244. Also the valve
motion may be taken from X as well as from C, should the design
require it. In the Marshall gear the valve travel on the head and
crank ends is not symmetrical, as may be seen by the different
lengths ¥ and Z of the maximum ordinates of the curve C M on the
opposite sides of O G, due to the point D moving in an arc of a circle.
Should this irregularity affect the design to any appreciable extent
it may be remedied by introducing a bent rocker.

392. The results of taking the valve motion from points of the
vibrating link on opposite sides of the slide block are shown in
Fig. 244. When the angle between the crank and eccentric is 180°
and the motion taken from the vibrating link at C there
must be outside admission and the engine must turn counter-
clockwise. The reasons for this become most apparent by consider-
ing the engine on head-end dead center. Then B is at Q, D is at G,
C is at S, and the valve is below its central position the distance T' S
which has already been shown to be equal to the lap plus lead. If
the engine is to run at all, the lead must be increased to a larger
port opéning, and this can only be done, with the present assigned
setting of the mechanism, if S moves further down toward C. When
S does this, the valve moves down also and steam continues to be
admitted past the upper edge of the valve and, therefore, an outside
admission valve must be used. Also, when S moves to C, @ must
move to B and the engine must turn counter-clockwise. Similar
reasoning will show that when all conditions are the same except
that motion is taken from X,
that there must be inside ad-
mission, and that the engine
will turn clockwise.

393. A diagram showing .
the practical working parts of
the Marshall gear is given in
Fig. 245. The arm G E, is in-
tegral with the worm-wheel arc . %ﬁﬁf 52’;£”G';§i§“°“ o
V, which in turn is operated
through the worm N and the handwheel J. In passing from
full gear astern to full gear forward E, is moved to E. Some
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general proportions for the Marshall gear are given by Mr. Braem-
me, after whom this gear is sometimes called “ Braemme-Marshall
radial valve gear,” as follows:

Length of supporting arm G E and suspensionrod DE =6 X OB
Eccentric rod B D (exaggerated in Fig. 244)........ =6 XOB
Angle q should not be more than 25°.

394. In connection with the Hackworth and Marshall gears the
student will be required to assume the data given in the first two
columns of accompanying table and to fill out columns 3 and 4 and
draw a center-line sketch to illustrate the work.

1 2 3 4
ANGLE BETWEEN KIND or VALVE AD- DIRBECTION OF ROTATION
CRANK AND Ec- LocarioN or C MISSION. OF ENGINE WITH D MOVING
CENTRIC. INSIDE OR OUTSIDE. IN THE PATH H¢ Fo.
0° Left of D
0° Right of D
180° Left of D
180° Right of D

Joy VALVE GEAR

395. This gear, sometimes called a *compound radial gear,” does
away with the eccentric altogether, the valve motion being obtained
solely from the connecting rod by a series of rods or arms.

O A, Figs. 246 or 247, represents the crank, A B the connecting rod,
C E and D K vibrating rods, E F an arm of which the point £ moves
always in arc about F as a center. I J in Fig. 246 is a slide bar or slot
along which a slide block H moves each cycle, and it is pivoted at G
80 that it may be temporarily fixed in any position such as I J, accord-
ing to the desired cut-off. In Fig. 247, I J is the path of the pin H
which swings about R, and R in turn is swung about @ through the
handwheel S and the worm and wheel W according to the desired
cut-off. Both constructions give the same mechanical results. The
ovals through C and D, Fig. 246, show the paths of these points,
no matter what the cut-off gear. The oval through K shows the
path of K for the position I J of the guide arc. This oval varies for
different cut-offs and is smallest, in the direction K L of the valve
travel, when the guide arc I J is tangent to E N. With this setting
of I J the total one-half travel of the valve is equal to lap plus lead
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and the mechanism is in mid gear. No matter what the position of
I J, the point K will always be in the position K when the engine is
on dead center and since K N is lap plus lead, the lead is constant
with the Joy gear at all cut-offs.

The engine is reversed by swing- | .1

ing the guide arc I J about G to
the position I J,. ’

396. The line E G should be
perpendicular to O B when the
engine is on dead center, and it
should pass midway between C
and C; when the guide arc I J is
a straight line, and when ap-
proximately equal ‘“half-travels”
of the valve are desired at mid
gear.. With a curved path IJ
and with equal half-travels de-
sired at any particular cut-off
one can adjust the position of
E @ to one side of the mid-point
of C C; 80 as to obtain desired -
results. The work here described
should not be independently
applied, but should be con-
sidered in conjunction with the following paragraph.

397. The location of the point D on the link C E is chosen so as
to give equal travel, as nearly as pos-
sible, of the point H on both sides of
the pivot center G. If the point D of the
lever D K were attached directly to the
connecting rod at C, the slide block H
would move mostly on the part GI
of the guide arc JI. This may be
readily seen by taking a divider or strip
of paper and setting or marking off the
distance C H and then laying it off from
C: and C;. Taking the distance D H

_ and setting it off from D, and D; it will

it or sox Vs Gain™ be seen that the slide block H moves
approximately equal distances on both

sides ‘of G. This marked peculiarity of the mechanical movement,
taken advantage of in the Joy gear, is further illustrated by the

F1G6. 246.—JOY GEAR.
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fact that if the points C, D, and E were projected vertically on to
the line E G the projected points would all be different distances
from C,, Dy, and E, respectively; and also different distances from
the points Ca, Da, and E,.

398. The paths of the points C, D, and K are obtained as follows:
Divide the crank-pin circle into a number of equal parts, say twelve.
Mark off on three separate straight edges of thin cardboard or paper
the points A C B,C D E, and D H K respectively. Using the first
edge with A at regular intervals such as 1, 2, 3, etc., on the crank-
pin circle and B always on O B, the points 1, 2, 3 on the curve C C,
are found. Setting the point C of the second straight edge on the
points 1, 2, and 3 just found, and keeping E on the arc E, Ej;, the
points 1, 2, and 3 on the curve D D, are located. Again setting D of
the third straight edge on the latter points, and keeping H on the arc
I J, the points 1, 2, and 3 of the closed curve K are found. If one is
experimenting to find the best closed curve K the actual drawing of
the curve D D; may be omitted by using the second and third
straight edges simultaneously; using the second as above described
and keeping D of the third always at D of the second.

399. When properly proportioned the Joy gear gives a rapid
motion to the valve when closing the ports, less compression at short
cut-off than a Stephenson link motion, and a nearly equalized cut-
off for all grades of the gear. It gives a constant lead. These points,
favorable to the Joy gear, are counterbalanced in part by the number
of parts and joints that are liable to give trouble with wear, and the
obstruction it offers to proper care and attention.

400. It will be noticed that the Joy valve gear is practically the
same in construction as the Hackworth and Marshall gears from the
point D to L. The path of D in the Joy gear takes the place of the
eccentric in the other two.

BAKER GEAR

401. This gear has been recently developed in connection with
American locomotive construction. It not only does away with the
eccentric but also with the curved link, and there is no sliding fric-
tion whatever in the gear. Illustrated in Fig. 248, it will be seen that
the part of the mechanism lettered from A to F and from H to S
contains the cross-head and return-crank drive characteristics of the
Walschaert gear, while the parts N L M K are suggestive of the
Marshall gear.

402. The names of the gear parts are: Crosshead arm A B,
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Fig. 248; union link B D; combination lever D E F (all one piece);
bell crank E T S (the arm E F on the combination lever falls behind
the arm E T of the bell crank for the phase shown in the illustration);
gear connection lever S K J (one piece); radius bar K L; reverse
yoke M L N; reach rod P N; reverse arm O Q P; reach rod Q R;

F1G. 248.—BAKER GEAR

reverse lever R U; crank G H; return crank H I; eccentric rod I J;
connecting rod H A.

The mechanism is shown in position for full gear forward. In
order to follow more closely the motion of the various parts during
one cycle, the cycle has been marked at six phases and the paths and -
directions of the several points drawn. All fixed centers are indi-
cated by vertical and horizontal center lines, and are cross-sectioned.

When running forward the reverse yoke M N remains stationary.
To give earlier cut-off M N is thrown over toward M Ny; and to
run backward it is thrown beyond Ny until full gear backward is
reached at M Np.

403. The pivot I, it will be noted, is fixed 90° behind the
crank and therefore has zero angle of advance, and. the motion from
it alone would call for an elementary valve without lap, and would
admit steam for full stroke. The motion from the crosshead gives
the additional travel to the valve necessary to make up for lap and
lead, and in this general respect the Baker and Walschaert gears
are the same, although the actual valve motions at the succeeding
phases of the travel are different in the two gears, thus permitting
different claims to be made for the respective gears. These claims
may be followed and analyzed from actual measurements of the gears,
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or from working drawings, by following the paths of the various points
in a manner similar to that shown in Fig. 248 when drawn to a greatly
enlarged scale.

When the mechanism is set at mid gear, with M N at M Ny, the
arc of swing, K K,, will have Ly for its center and S will remain
practically stationary at S,. With S, stationary, E will also remain
at rest at E; and the return crank will give no motion to the valve.
Under these conditions the only motion the valve has comes from
the crosshead, the gear being so proportioned that the half valve
travel is then equal to lap plus lead. As the reverse gear is thrown
from the mid-gear position either forward or backward the port
opening increases, but the lead remains constant, the gear thus
giving results quite similar to those produced by the straight-slot
eccentric with constant lead and variable preadmission.

404. The illustration shows an outside admission gear. If a
valve with inside admission is used, the bell crank is placed ahead of
the reverse yoke, and the point F below E. The return crank follows
the main crank for both inside and outside admission.

STEVENS GEAR

405. The Stevens valve gear was invented by Mr. Francis B.
Stevens, in the year 1839, and it is still extensively used on side-
wheel excursion craft and on side-wheel ferryboats. It is illustrated
in Fig. 249, and the names of the several parts of the engine and gear
are as follows:

A and B, Double-seat poppet valves. O, Hand-wheel column.
C, Live-steam rods. 0’, Valve in water pipe.
D, Live-steam pipe. P, Piston rod.
E, Cylinder. Q, Exhaust-steam rods.
F, Throttle handle. R, Exhaust-steam pipe.
@G, Upper valve toe. S and S’, Rock shafts.
H, Upper valve wiper cam. T, Exhaust eccentric pin.
1, Unhooking handle. T’, Live-steam eccentric pin.
J, Lower valve toe. ’ U, Floor line of engine room.
K, Lower valve wiper cam. ‘ V, Braced connecting rod.
L and L', Valve-stem lifters. W, Walking beam.
M, Starting bar. X, Paddle-wheel shaft.
M’, Starting rock shaft. Y, Eccentric.
N, Condenser. Z, Trussed eccentric rod.

406. In this gear, steam is admitted to the cylinder through a
double-seat poppet valve. There are two double-seat valves at the
top of the cylinder, one for the entering steam and one for the ex-
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haust steam. There are also two similar valves at the bottom of the
cylinder, usually below the floor line. An eccentric attached to the
paddle-wheel shaft transmits its motion, through the trussed eccentric
rod and the rock-shaft crank, to the rock shaft to which are rigidly
attached cams, or wipers, as they are usually called. These wipers

F1G. 249.—STEVENS GEAR

work against toes, which are rigidly attached to the steam and
exhaust rods. These, through the valve lifter. raise and lower the
double-seat valves.

407. On the large excursion steamers one eccentric only is gen-
erally used for the live steam and one for the exhaust. On ferryboats
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there are two live-steam eccentrics, one for going forward and one
for going backward, and also two eccentrics operating the exhaust.
Where only one eccentric is used for live steam the valve must be
operated by hand while the engine is backing.

In order to start an engine having this gear, it is necessary for the
engineer to operate the valve through his own effort. This is accom-
plished through the starting bar or lever and the auxiliary, or starting
rock shaft, to which are attached a duplicate set of wipers in minia-
ture, operating on auxiliary toes on the steam rods. The effort re-
quired for this work is not excessive, as the double-seat valve is prac-
tically a balanced valve. A slight inequality of balance results from
the fact that the disk A’ must be smaller in diameter than the disk B’
so as to pass through the valve seat at B’ when the engine is being
set up. In addition, weights are adjusted to the starting rock
shaft to counterbalance the weight of the moving parts.

In practice, the weight of the valves, rods, lifters, etc., is sufficient
to cause the valves to seat quickly and firmly enough to give a
sharp cut-off. In order to aid the sharpness of the cut-off, however,
some builders place springs on the live-steam rods.

408. In this gear the cut-off position remains constant, and varia-
tion of speed is attained by throttling. The engine is reversed by
the engineer through the starting bar by means of which he can open
the top or bottom steam valves
and corresponding exhaust valves
at pleasure.

In the front elevation, Fig.
249, the columns and hand wheels
at O, O represent the connection
leading to the valve in the water
pipe supplying the jet condenser
N

409. The diagrammatic
sketch, Fig. 250, may help in
picking out from the detail of
lines in Fig. 249 the essential
kinematic action of the valve
gear. The piston is indicated by

Fia. 250.—Diacran or Stevens Gear  the dash line at K at the top of
the stroke. The paddle - wheel

shaft is at A and the crank at A B. For running ahead, as shown by
the arrow marked ‘“ahead,” the piston must start to move down, the
valve J must be moving up and be up a distance equal to the lead
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for the phase illustrated. In order that these motions may occur,
using the toe and wiper cams, as shown at G and F, it will be evi-
dent that the eccentric center must be at C and the eccentric must
precede the crank A B by the angle C A B. When C has moved to
S, E is at R, and the valve J is at its highest point. Assuming that
the valve just opens when the eccentric is at T, theangle T A C
being the angle of lead, the total period of admission is repre-
sented by twice the angle T A S. For running astern, with the
engine at the same phase as before, the eccentric would have to be
at D and follow the crank by the angle D A B. The point D is di-
~ rectly above C.

LEnTZz GEAR

410. The Lentz engine is of recent date and also makes use of
the double-seat poppet valve, the steam regulation being accomplished,
however, by varying the cut-off through a novel type of shaft-
governor and straight-slot eccentric, instead of by throttling.

Detail views of this engine are shown in Figs. 251-4. The cylinder
has four double-seat poppet valves, one at each corner. The live-
steam valve for the crank end is shown in longitudinal section in
Fig. 252. The steam chest is shown at S and the valve at V. The
valve stem has no packing but is kept tight by the series of turned
rings, called water rings, shown at T. Likewise the main stuffing box
at U is kept tight by a series of iron rings accurately fitted, no pack-
ing being used.

411. A transverse section of the valve-actuating mechanism is
shown in Fig. 251, the valve stem being actuated by an oscillating
cam shown at P, acting on a roller attached to the valve stem. The
camn curve is so designed as to disengage from the roller when the
valve comes to a seat, but remains in contact until the valve is
seated, thus preventing noise and permitting any engine speed.
The cam surface is on an arm of a bell crank P O N, the other arm
being actuated by the eccentric rod B N. The eccentric center is
at B and the eccentric or lay shaft center at A. The eccentric shaft
A runs longitudinally along the outside of the cylinder and gears
with the main shaft through a special form of bevel gear. The slide
block Y is permanently keyed to the eccentric shaft, and the total
throw of the eccentric is twice A B for the position shown. When
the engine speeds up the governor throws the small slide block E,
which works in a small transverse slot in the straight-slot eccentric
sheave, thus moving the sheave itself along the block Y, and chang-
ing the total throw of the eccentric to a minimum of 4 Z.
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412. The action of the governor itself is unique, and is illustrated
in Figs. 253 and 254. A one-piece carrier having three arms, A G,
AF,and A D, is keyed to the eccentric shaft. A heavy inertia ring R,
mounted on a hollow shaft M, which turns freely on the eccentric
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F1gs. 251-254.—LENTZ GEAR

shaft, gets its rotary motion through a flat circular spring C D. At-
tached to the hollow shaft M is an arm carrying the pin E. As the
engine changes load and consequently speed, the inertia ring acts
instantly, and the centrifugal weights follow as soon as the frictional
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resistance of the moving parts is overcome, to move the pin E and
the eccentric sheave along the block Y. The governor weights W, W,
swing on pivots F, G, and, through the links I J and H K, are directly

connected to the inertia ring.
SuLzer GEAR
413. The Sulzer valve gear for steam engines is widely known
and is manufactured by Sulzer Brothers, at Winterthur, Switzerland.
It is a poppet-valve engine, there being four valves in all, A4, A4,
Fig. 255, steam valves, and Z, Z, exhaust valves, one at each corner
of the cylinder. Each valve has four seats as shown at A, 1, 2, 3, and
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F16. 255.—SULZER GEAR

4 and at Z, 1, 2, 3, and 4. The steam valve is shown open while the

exhaust valve is closed. :
414. The valve gear is a trip mechanism with a governor regu-
lating the trip, which in turn controls the cut-off. In Fig. 255, B is
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a valve spindle knob which receives motion from the lever BC D
rigidly pivoted at C. C E is an arm swinging freely at C and sup-
porting the bell-crank trigger or latch F E G, and also one end of
the coupling rod E J. K is an auxiliary or lay shaft driven, through
gear wheels, by the main shaft. L is the center of an eccentric
sheave keyed to K, and L R is an eccentric rod. J is a pin on the
eccentric rod carrying one end of the coupling rod E J, and it is also
a supporting and guiding pin for the eccentric rod through the crank
arm J M. Through the mechanism thus far described the steam valve
A is raised or opened, and it is closed by the action of the spring at
the top of the valve stem. A dashpot, or a leaf spring as shown at
H, is used to lessen the effect of the blow as the valve seats.

415. The exhaust parts receive initial motion from R on the
eccentric rod, through the link R 8, bell-crank S T U, coupling rod
U V, bent lever V Y, and valve stem from Y to the valve Z. At W X
is a bar against which the bent lever acts when V has moved down
a sufficient distance, at which time the point Y and the valve Z
begin to rise. The bent lever and the fulcrum bar are so formed
that the point of leverage moves to the left, giving lowest velocity as
the valve starts to rise and as it seats. The fulcrum bar is adjustable
about the axis W and is fixed in any desired position by the bolt X.
The exhaust valve is held in place by a spring at the lower end of
the valve stem and by the action of stean pressure while the bent
lever is riding free from the fulecrum bar.

416. The governing mechanism starts at the shaft 0 the governor
weights causing this shaft to turn clockwise as the engine speeds up.
Through the crank O N, connecting link N P, and bell-crank P Q I
which is pivoted to the eccentric rod at @, motion is conveyed to the
coupling rod I F and to the bell-crank trigger or latch F E G.

417. At all engine speeds the arc of swing of the pin E is the
same, and for the governor crank position O N as shown in the
sketch, the latch edges G and D hold together for the greatest length
of time and cut-off is late. For earlier cut-off O N is turned clockwise
and @G leaves D sooner. The design of this kind of valve gear would
involve the establishing of the separating points of G and D which
would be on an arc having C D for a radius for various cut-offs and
then planning the intermediate gear parts accordingly.

PorPET-VALVE TYPES

418. Poppet valves are so widely used in all forms of prime movers
that the two principal double-seat types are specially illustrated in
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Figs. 256 and 257, while a third type designed to overcome the ill
effects due to warping, etc., is shown in Fig. 258.

Both the valves in the first two illustrations are shown open
to the admission of steam and both are equivalent to double-ported
valves of the sliding type. The disk or circumference B in each
case is smaller than A in order to allow the valve to be placed in
position when assembling the parts. This is the usual form of con-
struction for double-seat poppet valves, although it gives a some-
what unbalanced valve due to the fact the greater area of A carries
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F1Gs. 256-258.—THREE FORMS OF POPPET-VALVE CONSTRUCTION

more steam pressure load than B and the effort necessary to lift the
valve is determined by the difference between these two loads and the
weight of the valve itself. The valve stem D and the guide stem E
will affect the balance of the valve if they are not the same size.

By introducing some detail construction in the design of a double-
seat poppet valve, both disks may be made the same size and the
valve perfectly balanced. This is done in the Westinghouse steam
turbine steam relay double-seat poppet valve, where the upper
seating surfaces of both valve and valve cage are ground on separate
rings which may be fastened in position and are removable. In
Fig. 257 the valve seats are in an open cage C, the bottom seat of
which is suspended by four hanger arms C), Cs, etc. The top section
view is taken midway through the valve.
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419. The disadvantages of double-seat poppet valves are, first,
the difficulty of machining the valve and valve-cage seats so that
both will fit accurately; second, the liability of the valve and valve
cage expanding unequally, and, third, the tendency of the disks, or
the valve seats, to warp when heated by the live steam. From the
last two instances it may be noted that valves that are tight when
cold may become leaky when put into service.

420. A valve designed to overcome the objections of the double-
seat poppet valve is illustrated in two forms of construction at O
and I in Fig. 258. A common structural detail prevails in all valves
of this special type, namely, that the valve-seat surfaces, if extended,
meet on a point on the valve center line. The valve seats are on
lines at F and G and the common point on the valve center line is
at C. The valve is shown by heavy lines at D. The principle
involved in this form of double-seat poppet valve is most completely
illustrated at O, Fig. 258, where it may be seen that the seating
surfaces of both the valve and the valve container lie on opposite
nappes of the same cone. The valve is designed on the assumption
that if the seating surfaces are all on the same cone the longitudinal
and radial expansions of the valve and the valve seat will be the same,
and the valve will seat properly at all temperatures.

The illustration at I, Fig. 258, carries out the idea of the cone
seats having a common vertex at C, but different cone angles are used,
and these may make allowance for varying rates of expansion of the
valve and valve seats due to varying thicknesses and arrangements of
adjoining metal. In the common form of double-seat poppet valve,
it will be noted from Figs. 256 and 257 that the valve seats lie on
two distinct cones, and that the vertices of these cones do not meet.
In all three figures, however, the vertices of the seating cones are in
the center line of the valve which is essential for easy machining
and for proper seating in case the valve should turn while it is lifted
from the seat.

FLOATING OR SELF-CENTERING VALVE GEARS

42]1. In this type of gear, a valve with very small steam lap is
moved off center by hand, thus starting an auxiliary engine, the
moving parts of which automatically return the valve to its central
position, thus shutting off steam and bringing the piston to rest at
any desired position in its stroke, depending on the amount of motion
given to the valve at the start. As illustrated in Fig. 259 it is used
to operate the Stephenson link in a heavy marine engine. The dia-
grammatic sketch of Fig. 259 is shown in a general drawing in Fig.
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260, where the self-centering gear and engine are shown attached to
the framework of a large ferryboat engine. To follow the detail con-
struction from the rock shaft O to the link, refer to Fig. 233, in which
O is the rock shaft.

In addition to using these gears, as above described, for chang-
ing the cut-off, and for reversing in engines which are too large
to be operated by hand, they are used in steam hammers. The
same principle is applied, although the construction is different, in
steering engines and certain types of elevator engines where it is de-
sired that a self-centering engine shall turn a fraction of a revolu-
tion or a certain number of revolutions, and then automatically come
to rest. This case is illustrated in Fig. 261. It is also applied to
steam turbines, and to gas engines as will be explained later.

422. The method of operating the gear when it is desired to move
the piston through only a part of its stroke is as follows: Suppose it
is desired to move the Stephenson link, Fig. 259, from its mid gear
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or neutral position, R S, to its full speed forward position, R; S;.
This would be accomplished by moving the hand lever A C B, thus
giving practically simultaneous motions to all points in the mechan-
ism, but in order to more sharply define the explanation it will be
assumed that the action of the mechanism takes place in quick suc-
cessive steps as follows:

1st. The engineer moves the lever from A to A,, carrying B to
By, D to Dy, E to E;, and the valve from V to V;, thus opening the
port F to steam by the amount E E, less lap. E E, equals steam-
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port width plus lap. The point N is assumed to remain stationary
for the time being. As soon as the engineer brings the hand lever
in the position A4, By, he clamps it there, thus securing the end of
the short connecting link B D at D, to act an instant later as a
temporarily fixed turning point for the “floating” lever N E.

2d. As soon as the port F is opened the piston moves to the
right, driving the crosshead from K to K, the rock-shaft lever from
O L to O L, and thus securing the de-
sired rotation of the rock shaft and
with it the required motion of the link
R S through the arm O P and the
bridle rod P Q. The ‘“returmn arm”
O P may or may not be in line with
O L according to the construction of
the engine and framework.

3d. The point M of the rod M N
is attached to the lever O L and is
carried by it to M, thus causing N to
swing to N; about the temporary center
D,, and E, to swing back to E, again
placing the valve on center and shut-
ting off steam just as the piston reaches
H,.

Theoretically, there should be no
steam lap on the valve, but this gives
too sensitive an action. In practice a
very small steam lap is used—about
1{e inch. The exhaust lap is added for
cushioning and may be about § inch.

423. If it is desired to move the
Stephenson link back from full speed
B o0 oELr-OmNTERING GEAR ghead to say half speed ahead, the

engineer would move the hand lever
to a point midway between A; and A and clamp it there. This
would move D, halfway to D, E halfway to E, and cause the
valve to open the port G halfway approximately. The piston would
then be driven from H, toward H, and would come to rest when it
had caused N, through the intervening mechanism, to reach a po-
sition midway between N; and N. The new positions of the pivot
points N;, Dy, and the point E would then all be in one straight line
and both ports would be closed with the valve on center.

Should the expansion of the steam or the weight of the moving
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parts carry the piston beyond the desired position, the valve would
also be carried beyond its central position, thus admitting steam on
the other side and quickly balancing and securing the piston at the
desired point. ,

424. When the crosshead, or some other portion of the mech-
anism, is not locked at a given running speed, the weight of the
piston, crosshead, connecting rod, etc., especially if these parts are
in a vertical position, will cause the entire mechanism, including
the Stephenson link, to move gradually until the valve is drawn to
" one side by the amount equal to its lap, when steam will enter the
port and drive the piston and entire gear back to the desired posi-
tion. In the meantime, the slight changing of position of the Ste-
phenson link has been gradually changing the point of cut-off so
that the speed of the engine has gradually increased or decreased to
a certain point and then suddenly recovered. This action is tech-
nically referred to as ‘““creeping,” and its constant recurrence is .
noticeable in vessels carrying this form of unlocked gear.

DRAFTING-TABLE PROBLEM No. 8. —FLOATING VALVE GEAR

425. Construct a floating or self-centering valve gear from the
following data:

Cylinder: bore, 9 inches; stroke, 18 inches.

Steam ports, 8 inches x 1 inch; exhaust port, 8 inches x 114 inches.

Valve throw for 14 stroke of piston = steam port width plus steam lap.

Steam lap, & inch; exhaust lap, 14 inch.

Width of bridge, 3{ inch; width of piston, 234 inches.

Clearance, 14 inch; thickness cylinder wall, 54 inch; diameter piston rod,
134 inches.

Length of piston rod, from center of piston, 27 inches; connecting rod, 25
inches; valve stem, from center of valve, 1614 inches.

Total angle of action for rock shaft, 45 degrees; hand lever, 60 degrees.

Ratio of lever arms (E D : D N of Fig. 259) 1 : 2.

Assume proportions for bridle rod, Stephenson link, eccentric rods, etc.

426. With the above dimensions, draw the engine cylinder and
valve chest diagrammatically about as shown in Fig. 259.

Show the entire mechanism in skeleton construction on the
central position, and also in the characteristic line work, as shown
in Fig. 259, for full gear ahead and full gear astern positions.

Assume that the gear is all set and that the vessel is running full
speed astern. Show by fine solid lines the center-line positions of
each piece of mechanism after the engineer has changed to half speed
ahead.
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Label the eccentric rods properly with the words “ahead” and
“astern.”” For running ahead the crank W X is assumed to turn
clockwise.

427. The pivot E is generally made to travel in a straight line
coinciding with the valve stem. The points D and N travel in curvi-
linear paths. In practice, the floating lever does not swing through
such wide angles as are shown in the drawing, for in the design, as
stated at the outset, it is assumed that the action on the pivot points
D and N takes place in successive steps, whereas in the actual mech-
anism these motions occur simultaneously. O, C,and W are the only
fixed turning points.

The swinging arms should be laid out to have the same obliquity
of action on each side of the center line, as for example, L should rise
and fall equal amounts from the horizontal center line; likewise,
M N and P @Q should swing through approximately equal angles on
both sides of their horizontal positions.

The ratio of 1 :2 for E D : D N is an arbitrary value and may
be different in different gears, depending on the proportions of the
other parts.

STEERING-GEAR ENGINES

428. The principle of the self-centering valve gear is here used
to obtain a certain rotation of a drum carrying the tiller rope, for
a given swing of the pilot’s wheel, or, in other words, a certain num-
ber of turns of the auxiliary steering engine for a given motion of the
self-centering valve.

ForBES STEERING ENGINE

429. The action just described is obtained in Figs. 261 and 262,
which illustrate the Forbes Steering Engine, as follows: The two cyl-
inders A and 4’, Fig. 262, drive the shaft B, Fig. 261, the power being
transmitted through the worm C and wheel D, and the spur gears E
and F to the drum carrying the rope to the rudder arm.

The admission of steam to cylinders A and A’ is controlled in the
usual way by the hollow piston valves G and H respectively. The
floating or self-centering valve L is a third piston valve which serves
simply to direct the live steam from the feed pipe into the passage
J or K, thus establishing inside or outside admission for A and A’,
and therefore determining the direction that B will have.

430. Before taking up the action of the mechanism as a whole,
attention is called to the fact that M is a worm wheel mounted on a
threaded rod R, and is prevented from having longitudinal motion
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along the rod by contact with the frame shown at N and 0. R is
connected to the valve stem P by a swivel joint @, and to the rod S
(connected with the pilot wheel) by a square-section slip joint, as
shown in view T, allowing relative motion in a longitudinal direction
only.

Assume that a certain motion of the pilot wheel results in the
turning of S, and therefore R, in the direction shown by arrow I;

F1G. 261 Fi1a. 262

F1Gs. 261 AND 262.—FORBES STEERING ENGINE
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worm M will remain stationary, and the thread in the hub will cause
R and L to move down, allowing live steam to fill the passage J, and
giving inside admission to cylinders A and A’, A’ being the starting
cylinder in the phase here represented. Since the two cranks turning
the shaft B are set 90° apart, the engine will always be in a
position to start in the desired direction. B, D, and F will have direc-
tions shown by arrows. The exhaust steam from A and A’ will go
from the cylinders into the passage K, and will pass through the
hollow center of L into the exhaust pipe U, it being remembered
that the valve L was placed below its central position by the initial
motion given by the pilot. As soon as the engine starts, the worm M
begins to rotate as shown and by means of the thread in its hub
draws the stem P and the “floating” valve L back to its central
position and the engine stops automatically.

If the initial motion of S is reversed, the valve L is lifted, allow-
ing the live steam to enter K, thus establishing outside admission
for the cylinders A and A’, and therefore reversing the motion of
the other members, the engine coming to rest when the valve L is
automatically dropped to central position.

WILLIAMSON STEERING ENGINE

431. Another and a well-known type of steering engine is the
“Williamson,” illustrated in Figs. 263 and 264. Rotary motion from
the pilot wheel is transmitted through the stem A A4, Fig. 264, to
the miter wheels B and C. The wheel C has an extended hub which
is threaded internally, the exterior of the hub being turned with
two collars which fit against the sides of the fixed bearing D and pre-
vent longitudinal or endwise motion of the wheel C as it turns on
the threaded shaft E X. It will be evident, then, by following the
directional arrows, that as the pilot wheel is turned clockwise, the
shaft £ X will be moved to the left, and that the self-centering, or
reverse, or “‘change” valve L, as it is variously known, will be moved
to the left through the swinging arm I G J, the link J K, and the
valve stem K L.

432. Referring now to the plan view in Fig. 263, the live steam
passes from the steam chest M around the outside of the ““reverse”
valve L which is shown in its extreme left-hand position, through
the ports and passageway M, to the main piston at M; Exhaust
steam passes out as indicated by the dash-line arrows, through the
ports and passageway O, O, etc., to the exhaust pipe at O,. The
reverse valve L has now admitted live steam to the ends and the center
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F16. 264
F1Gs. 263 AND 264.—WILLIAMSON STEERING ENGINE
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of the hollow main piston valve N, and the simple steam engine as
outlined by the eccentric rod 8, 9, the eccentric radius 9 S, the shaft
S, the main crank S R, and the connecting rod R Q, will continue to
run until the reverse piston L approaches its central position and
shuts off the steam supply. As the engine continues to run, it turns
the worm T', which is keyed to the shaft S, and this rotates the worm
wheel U, which is rigidly mounted, together with the tiller-rope
drum V and the spur gear W, on an auxiliary shaft whose center line
is Y Z. The directions of rotation of the several parts just men-
tioned are indicated by arrows. The wheels W and X are known as
“follow-up”’ gears, and as X rotates it turns the shaft X E in the
threaded hub of the miter wheel C, which is now temporarily at rest
and is acting as a fixed nut. This causes the spur wheel X and shaft,
and also the reverse valve L, to move to the right and to shut off the
steam supply to the engine valve N.

433. In the total operation described above in detail it will be
observed, in summing up,

1st. That the number of turns of the engine, the tiller-rope drum,
and the shaft X E are all proportional to the rotation given to the
pilot wheel and the pilot-wheel stem 4 ;

2d. That for every movement of the pilot wheel, when moved
sufficiently to overcome the very small steam lap of the reverse
valve L, the valve L is moved, always starting from its central po-
sition, in one direction, and that it is automatically returned to its
central position after the engine has made a few turns, and finally,

3d. That the tiller-rope drum V can be rotated a fraction of a
turn or as many turns as desired and then held stationary, thus
maintaining the rudder in any position until the pilot-wheel is again
operated.

434. When it is desired to run the steering engine in an opposite
direction from that indicated by the arrows, the self-centering valve
is moved from its central position to the right and the ports and
passageway marked O; O; O,, and described in paragraph 432 as
exhaust channels, now become live-steam channels, and the ports and
passageway marked M, M, and the hollow center of the reverse
valve become the exhaust channels, the opening at O, remaining the
exhaust outlet as before. With this reverse motion of the mechan-
ism the arrows showing the direction of flow of the steam and the
directions of motions of the mechanical parts would also be reversed.

435. The drawings in Figs. 263 and 264 are more or less diagram-
matic, many of the details of construction which are not necessary to
an understanding of the action of the gear having been omitted. In
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addition to the principal mechanical parts described in previous par-
agraphs, another group of parts is shown in the drawings. These
parts limit the action of the gear, and provide automatic stops when
the rudder is ‘“hard over.” The parts and the method of adjusting
them are as follows: The center nut 3 has a tongue or projection,
not shown, which slides in a vertical groove in the framework and
prevents it from turning. The smooth-bore serrated collar 1 is
loosened by turning the small square-head set screw and backed off;
also the threaded serrated collar 2 is screwed back. The stem 4 is
then turned until the rudder is ‘“hard over,”” when the center nut 3
has traveled up the threaded part of the stem. The threaded collar
2 is then screwed down against 3 until the lugs on the two parts
engage. The smooth-bore collar is then moved down until the
serrated surfaces engage, and fastened in place by the set screw.
The same adjustment is made with the collars 4 and § for the
opposite ‘“hard-over”’ point.

The endwise travel of the shaft E X is also limited in its left-hand
travel by the shaft head E, and in its right-hand travel by the lugs
on the parts F and C.

TrHE UniFLow STEAM ENGINE

436. The uniflow steam engine differs fundamentally in both its
mechanical and thermal operations from the ordinary steam engines
that have been thus far considered. In the ordinary engine the steam
flows forward from the end of the cylinder on the expansion or power
stroke and it flows back toward the end of the cylinder on the
exhaust stroke and is discharged at the same end at which it entered.
For purposes of comparison, then, the ordinary reciprocating steam
engine may be termed a counterflow engine. In the original uniflow
engine the steam is exhausted only through specially constructed
exhaust ports at the end of the expansion stroke, and so continues its
course through the engine by flowing in one continuous forward
direction. This action carries with it important thermal principles
which permit the unifiow engine to operate more economically than
the ordinary reciprocating engines, under some conditions. Fewer
operating valves are required on the unifiow engine and the valve
gear is simpler than the gear on the ordinary steam engine.

The idea of admitting steam to an engine at the ends and ex-
hausting through central ports controlled by the piston was pat-
ented in the United States by Bowen Eaton in 1857, patent No.
17,142. Mr. J. L. Todd, of England, secured in 1886 a patent on
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an engine embodying the same general method of steam control, but
neither carried the idea through to a commercial success. John
Davidson, of Manchester, England, claims to have built the uniflow
engine commercially prior to 1909, when Professor Johann Stumpf,
of the Technische Hochschule, Charlottenburg, Germany, developed
and built the engine with its present high degree of economy, and
set forth the principles of its practical operation in the Zeitschrift
des Vereines Deutscher Ingenieure, November 5, 1910. Since
1909 a great many engines of all sizes have been built in Europe,
the largest developing 6,000 horse-power. The uniflow engine was
first built in this country for test purposes and for general use in
1911 by the Nordberg Manufacturing Co. The Skinner Engine Co.
placed a modified unifiow engine on the market in 1912 and the
Ames Iron Works built the first engine in this country under Pro-
fessor Stumpf’s patents in 1914.

THE AMEsS-STUMPF “UNA-FLow” ENGINE

437. The cylinder and valves of the Stumpf unifiow engine as
manufactured in this country by the Ames Iron Works at Oswego,
N. Y., is shown in longitudinal and cross-sections in Fig. 265. Its
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F1G6. 265.—AMES-STUMPF ‘' UNA-FLOW' ENGINE

method of operation is as follows: Starting with the head end of the
cylinder, steam is admitted from the steam chest 14 by the double-
seat poppet valve 15 through the short port 17 to the cylinder 19.
The piston is driven to the crank end of the cylinder. When it has
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traveled to near the end of the stroke, say nine-tenths of the way,
the head end of the piston begins to uncover the openings shown in
the cylinder wall at 9, through which steam exhausts during the last
tenth of the forward stroke and the first tenth of the return stroke.
During the remaining nine-tenths of the return stroke the steam
that is trapped in the cylinder is compressed, the compression being
regulated, as will be explained later, so as not to exceed the live-steam
pressure. When the piston reaches the head end of the cylinder
live steam is again admitted by the poppet valve 16 and the cycle
repeated. The same action goes on in the crank end, thus making
the unifiow engine double acting, the same as the ordinary engine.
Those familiar with the double-acting two-cycle gas engine, which
is described in Volume II of this work, will recognize the similarity
of construction in the two engines. In order that the uniflow engine
may be double-acting, it will be readily seen that the exhaust open-
ings at 9 must be at the center of the cylinder and that the length
of the piston must be equal to the stroke of the engine less the width
" of the ports at 9. It will be further noted that only one valve is

used at one end of the cylinder at 15 and
that the piston itself acts as the exhaust
valve in opening and closing the exhaust
ports.

438. The speed of the engine is regulated
by a flywheel governor and swinging eccen-
tric which changes the point of cut-off.
The circular bar 1, Fig. 266, connects in-
directly with the eccentric rod. The bar 1
carries a roller 2, which comes in contact
with the cam 3, which is attached to the
valve-stem head 24. Thus the double-seat
poppet admission valve 7 is raised against
the pressure of the spring 4 at the proper
time and it is pushed down by the same
spring at the desired cut-off point. The cam )
is formed to give an easy motion to the pop- Fic.266.—Apmisston VaLve
pet valve just as it rises from and ap- 4D GEAR. AMEs - Sromre
proaches the valve seat, but during the re-
mainder of its rise and fall it has a quick action so as to secure
sharp admission and cut-off on the steam control. A section of the
roller-carrying bar at 6 is shown at A, and a section at the roller 2
at B, Fig. 266. '

Should the engine speed increase, the governor reduces the
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throw of the eccentric, and the travel of the bar 1 is reduced so that
the roller 2 is in contact with the cam 3 for a shorter period and cut-off
occurs earlier. .

439. A feature of the construction of the double-seat admission
valve 7 is the flexible steel lip shown at the upper seat 25, and which
is attached to the cast-iron body of the valve. The high temper-
ature involved in the uniflow engine distorts the ordinary or rigid
double-seat poppet valve to such an extent that it is impossible to
keep both of the seating surfaces of the valve seat true so as to
prevent leakage. The flexible steel lip is designed to spring sufficiently
under the live-steam pressure to accommodate itself to any distor-
tion of the valve or valve-casing seat. Leakage past the valve stem
6 is prevented without ‘the use of any packing materials whatever,
by the well-known method of providing a long, smooth fit in the
stuffing-box bushing and turning a series of grooves around the
valve stem as shown. These grooves are termed water grooves or
expansion grooves, and each, in turn, acts as a leakage stop by re-
ducing any pressure that may reach each groove and by filling up
with accumulating fluid and deposit. This is generally referred to
as “labyrinth packing.”

440. Characteristic indicator cards for the Ames-Stumpf ““Una-
Flow’’ engine are shown in Fig. 267, where it will be seen that the
compression takes place during nearly
the entire stroke as referred to in
paragraph 437. In these cards the
steam pressure is 145 pounds per
square inch. When the engine is
exhausting into a condenser the

Fio. 267.—InNpicAToR Carps At compression during this long period
g‘“‘“ ,Loap, Ames-STUMPF “UNA- does not exceed the live-steam pres-
'LOW'' ENGINE
sure, even when the clearance space
at the end of the stroke is very small. With an engine exhaust-
ing at atmospheric pressure the clearance space would have to be
larger to keep down excessive compression pressures, and this may
be accomplished in several ways, either by setting back the cylin-
der head, by making the piston head concave, or by placing an
automatic valve in the piston head and opening the body of the
piston to communicate with the exhaust ports. This latter method
is illustrated in Fig. 274.

An emergency clearance space is provided in condensing uniflow
engines, as for example at 18, Fig. 265, which may be opened by
the valve 23 to the main cylinder should the vacuum in the condenser
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drop for any reason. If it did the steam would be trapped in the
cylinder at atmospheric pressure and the compression pressure would
run too high if the regular clearance space were not increased in this
or some other way.

The distinctive feature contributing to the high efficiency of the
unifiow steam engine is the fact that the expanded and cooled
steam does not return to the ends of the cylinder to cool the cylinder
walls and the cylinder heads which would otherwise draw off some
of the heat of the entering live steam. In order to maintain high sur-
face temperatures for the entering steam to come into contact with,
jackets are cast around the cylinder at the ends as shown at 8 and
12, Fig. 265, and live steam is supplied to these jacket spaces.

441. Comparative indicator cards from the Stumpf unifiow en-
gines are shown in Fig. 268 for an engine exhausting, in the case of
the upper card, into the atmosphere,
and in the lower card into a con-
denser. The large area to the left
-of the non-condensing card repre-
sents the clearance space in the Atmosphers
cylinder head or piston head, as “Abeclute Vacuum
described in a preceding paragraph.

The construction of the uniflow

Boiler Pressure

Non-condensing

engine enables it to use the steam Boiler Pressure

in one cylinder through the same

number of expansions as are accom- M
plished in multiple-cylinder engines, Atmosphere |
as shown in the comparative indi- “Abeolute Vacuam -

cator diagrams in Figs. 269 and 270.  Fic. 268.—COMPARATIVE INDICATOR
The former is for a quadruple-ex- anos, TROM Awes-Sroupr “UNA-
pansion engine and the latter for

a single-cylinder uniflow engine. The cross-sectioned areas represent
losses from the ideal cards, due to clearances in both cases and to
receiver pressures in Fig. 269. The use of the single cylinder, how-
ever, for the uniflow principle of action involves large piston diam-
eters for large loads, and this, together with the high initial steam
pressures, calls for a heavy massive design and construction for the
engine parts. The cylinder, therefore, is not only large in diameter
but is longer than the ordinary single-cylinder engine. This com-
parison, hoWever, should be carried further to include multiple ex-
pansion engines, and when so considered the diameter of the uni-
flow cylinder will be smaller than the low-pressure cylinder of
the multiple-expansion engine for the same power, and there will be
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only one cylinder against two, three, or four of older type of
engine.
THE “UNIVERSAL UNAFLOW’ ENGINE

442. A modification of the Stumpf unifiow engine has been de-
signed by the Skinner Engine Co., of Erie, Pa., and has been man-
ufactured and sold by them for regular service under varying con-
ditions since 1912. The cylinder of the Skinner engine possesses the
essential uniflow characteristics of the Stumpf or European engine,
and in addition provides auxiliary exhaust poppet valves at about
six-tenths of the exhaust stroke on each end of the cylinder. All

F1G. 269.—INDICATOR. CARD FROM FIG. 270.—INDICATOR CARD FROM SINGLE-
FOUR - CYLINDER QUADRUPLE - EXPAN- CYLINDER UNIFLOW ENGINE
8ION ENGINE

reserve clearance spaces in the cylinder or piston are omitted. The
exhaust valves are positively operated when the engine operates
non-condensing, and are automatically thrown out of service when
operating condensing.

A section of the Skinner “Universal Unaflow” engine is shown in
Fig. 271, where 1 is the rocker shaft operated from an eccentric
which is under control of a flywheel governor. The rocker arm
attached to this shaft carries a cam shoe 2 which operates the bell-
crank 3, and this in turn lifts the valve-stem head 4 and the double-
- seat poppet valve 5. The piston is shown at the end of its stroke
with a very small clearance which is characteristic of all uniflow
engines when operating with a condenser. The main exhaust ports
at 8 are full open for exhaust from the crank or frame end of the
cylinder. The auxiliary exhaust port is at 77 and the exhaust valve
at 12. The exhaust valves are operated from an eccentric on the
main shaft when the engine is exhausting into the atmosphere, and
consequently the back-pressure line of the indicator card is hori-
zontal, as shown up to the point E in the dash-line indicator diagram
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in the crank end of the cylinder, Fig. 271. The back-pressure line
in the ordinary uniflow engine would start to rise just below C, and,
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F1Gg. 271.—SKINNER ‘' UNIVERSAL UNAFLOW'' ENGINE

as stated in previous paragraphs, would rise to an excessive pressure
were not a greater clearance provided for it at the end of the cylinder.

443, The form of poppet valve and the valve gear on the Skinner
uniflow engine differs materially from that found on other steam
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F1G. 272.—ADMISSION VALVE AND GEAR, SKINNER UNIFLOW ENGINE

engines. The valve is termed an ‘“expanding poppet valve,” its
upper seat at 18, Fig. 272, having a telescopic action of about .003
inch which permits it to close just before the lower seat closes at 19.
The lower seat is simply a faced surface on the bottom of the valve
body. The telescopic joint is kept tight by metal packing rings
which are sprung by the steam pressure which acts on them through



218 VALVES AND VALVE GEARS

the very small openings at 18. The valve is lifted by the bell-
crank 3 and closed by the spring 17.
444. The method of controlling the auxiliary exhaust valve of
the Skinner uniflow engine is no less distinctive than the use of the
valve itself. In Fig. 273, the rocker shaft
20, carrying the operating cam arm 21, re-
ceives an oscillating motion through an
arm-and-rod mechanism from an eccentric
on the main shaft of the engine. As the
cam arm 21 rises, it lifts an idler cam 24
on a free countershaft 256 and this cam,
in turn, lifts the single-disk poppet valve
12 and allows steam to exhaust through
the port 1. This port is also designated
by the same number in Fig. 271. A single-
disk poppet valve is essentially an unbal-
anced valve because it usually must be
lifted against a pressure that is distributed
over its top surface. In this case, how-
ever, the valve opens before the exhaust
ports at the center of the cylinder are
closed by the piston and, therefore, there
is exhaust pressure on both sides of the

Fie. 273.—AuxiLIARY EX-  {igk and it is balanced except for the small

HAUST VALVE AND GEAR, .

SKINNER UnirLow Eneine  area occupied by the valve stem on the
under side. A single-disk exhaust valve

has an advantage over a balanced double-seat poppet valve in this

case in that it requires less steam clearance space.

Assuming that the exhaust valve has been operating as explained
above under non-condensing conditions and that the exhaust is
now directed into the vacuum of the condenser, it may be seen that
if the pipe 29, Fig. 273, leads to the central exhaust outlet a
vacuum will also be formed at 30 and that the air pressure at 32 will
drive the countershaft 25 forward against the pressure of the spring
31. This will also carry the intermediate or idler cam 24 with it
to the position represented by the dash lines at 33, and this cam
will no longer come into engagement with the valve spindle at 26.
The operating cam 21, however, will continue to receive its oscillating
movement from the eccentric, but the intermediate cam 24 will have
been drawn to one side of it also, and consequently no motion will
be transmitted to the exhaust valve. The compression will, therefore,
begin as soon as the piston covers the central exhaust ports.
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The portions of the cams 21 and 24 that come into contact are
designed to give pure rolling as nearly as possible, and all sliding
parts are submerged in an oil bath. The top edge of the vertical
wall at 22 acts as a slide and rest for the cam 24, so that it may be
maintained in proper elevation ready to take its working position
again should the vacuum in the condenser fail and thus allow the
spring 31 to exert its influence in pushing the countershaft 25 back.

UnN1rLow ENGINE WITH AUXILIARY EXHAUST VALVE IN THE PisToN

445. A valve-gear movement that differs entirely from any thus
far considered is shown in Fig. 274, which is reproduced diagram-
matically from a foreign uniflow engine. Excessive compression is
guarded against in this engine by placing a piston valve in the main
piston of the engine and operating it from the angular motion of the
connecting rod at the crosshead end.

In Fig. 274, A is the end of the connecting rod, B the crosshead
pin, and C an arm which is rigidly attached to the connecting-rod
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F1G. 274.—UNIFLOW ENGINE WITH AUXILIARY EXHAUST VALVE IN THE PISTON

end. At the end of arm C is a ball which works in the spherical
socket which is attached to the rod D leading to the auxiliary exhaust
valve E F in the main piston N. When the engine is on dead center
the piston valve E F is central with respect to the main piston N
and the valve ends fit in the cylindrical seats G and H. When the
engine crank is vertical, or 90° from dead center, the connecting rod
has its greatest angularity and the valve E F is the greatest dis-
tance to one side, as shown in Fig. 274, and auxiliary exhaust is
taking place as indicated by the arrows. The engine piston must, of
course, be made hollow for this method of relieving excessive com-
pression and openings such as at M must be made in the central
body of the piston to permit the exhaust through the regular exhaust
port J. The admission valves are shown at L and O and are oper-
ated by a valve-gear mechanism similar to that described in the
Ames-Stumpf uniflow engine.
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446. Steam control in the reciprocating engine requires that
admission must take place during periods that are intermittent and
that these periods must be definitely timed with the cycle. In the

steam turbine, admis-

Bod’ D sion is continuous or in

Governor iz::igl puffs in extremely rapid
A= S succession, the quantity

= being varied by the
Generator governor and the valve

|
J '«T «  gear according to the
No.pqe load on the turbine.
—3  Except for the details of
— & construction due to the
H  high speed and exacting
I conditions under which
the turbine is operated,
| the underlying principles
j of turbine valve-gear
construction are simpli-
fied by the practically
continuous steam admission. The floating or self-centering type of
valve gear is largely used in steam turbine work. ’

F1G. 275.—CURTIS HYDRAULIC VALVE GEAR

CurTis STEAM TURBINE VALVE GEARS

447, Three types of valve gear are used by the General Electric
Company in the construction of their Curtis steam turbines. These
types are known as the—

Hydraulic Valve Gear,

Steam-Actuated Valve Gear, and the

Mechanical Valve Gear.

Curtis Hydraulic Valve Gear

448. The hydraulic gear is so named because oil under pressure
is fed through a pilot valve which is under control of the turbine
governor. This form of gear is illustrated in connection with the
vertical type of Curtis turbine in Fig. 275 and in connection with the
horizontal type in Fig. 278. Fig. 275 is rearranged and enlarged in
Fig. 276. The valve mechanism, it will be noted, is quite similar in
both the vertical and horizontal types, the principal difference being
that the latter is simplified by the omission of the differential con-

220
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nection rod I J. The several parts are similarly lettered in both

cases, and are as follows:
A A,, Governor weights.

Q1 Q2 ey Cams. (A]SO Figs.

B D, Governor beam or lever. 276-7).
C 8 8,, Governor stem and weight Ri R, ..., Cam rollers.
disk. Ry, X, Controlling valve lever.
D E, Governor connection rod. T, U, Controlling valve stem.
E M, Floating lever. U, Poppet valve and valve
F G, Pilot valve connection rod. seat.
G, Pilot valve. V,Cross transmission
H, Valve-operating piston. shaft (Fig. 275 only).
H I, Pistonrod (Figs. 275-6 only). W, First turbine wheel.
I J, Differential connection rod X, Controlling lever shaft.
(Figs. 275-6). Y, Steam chest.

L J, Differential lever arm.

K M, Differential link.
N, Rack.
0, Spur wheel.
P, Cam shaft.

449, The oil,which is
under pressure, is used to
operate the piston H.
The Curtis turbine has
multiple admission
valves, each having its
own controlling mech-
anism, Q@ R, T: X,
Figs. 276-7, and all
operated by a single cam
shaft P. Eight separate
admission valves are rep-
resented at Ty — T’ in the
top view, Fig. 277. In

_ Fig. 275 two sets of
multiple valves are used,
one set on each side of
the turbine, both con-
nected by a cross shaft
V, and all operated by
one governor and one
floating valve gear.

T
P By X
Qs
AN
Fig. 277 % T
P B 4 x(C
ra AY

Fig. 276

F1Ggs. 276 AND 277.—CURTIS HYDRAULIC VALVE
GEAR—DIAGRAMMATIC ARRANGEMENT, ENLARGED



222 VALVES AND VALVE GEARS

The reason for using multiple valves in this way lies in the fact
that all valves that are open at all are wide open, with one exception,
and that one is the only one that is throttling the steam. The nozzles
thus receive full steam pressure and work to best advantage.

450. In the operation of the turbine, steam is admitted through
a strainer to a combined
emergency and stop
X valve, not shown in

P the illustrations, to the

steam chest Y. When

| =S ¥ the turbine is at rest

N and the governor

\! &z weights “dead,” all the

i valves are open and

i, kg the last valve to open

L '2 is just on the point of

Ell:lf/ = starting to close. As

- the turbine gains speed

H the weights A A,, Fig.

g 276, fly out against S.

™= /y—H and S; as fulcra, thus

causing the governor

° beam B D to turn down

about the center B; the

point E of the floating

|’_|] lever to move down to

E, turning momentarily

FI1G. 278.—CURTIS HYDRAULIC VALVE GEAR, about M; the point F

HORIZONTAL TYPE

to move to F;; and

finally the inside admission pilot valve G to move down and open

the port g, Fig. 276, to the oil pressure. As the piston H moves

up, the motion is transmitted through the links H 1, I J, J L, and

K M moving the point M of the floating lever about E; as a tem-

porarily fixed center to the poSition M, and also the point F; back

to F, thus closing both ports. The piston H then comes to rest
and will remain stationary so long as the speed remains constant.

As the piston H moves up, one admission valve after another is
closed by means of the rack and cams, until the proper speed is
attained, when the centrifugal force of the governor weights balances
the tension in the governor spring Z. Each position of the governor
weights determines a definite position of the piston H in the operating
cylinder and consequently the opening of a definite number of con-
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trolling valves. The pilot valve has a very small lap, thus per-
mitting only ‘a very slight variation of speed. The sensitiveness
of the turbine depends on the lap of the pilot valve as well as on
the governor.

The description of the action of the hydraulic valve-gear
mechanism given above for the vertical type of turbine applies
also to the valve gear for the horizontal type which is shown in
Fig. 278.

Curtis Steam-Actuated Valve Control

451. A longitudinal section of an assembled three - stage
1,000-Kw. to 2,500-Kw., 3,600-R.P.M. Curtis “Rigid Frame” steam
turbine is shown in Fig. 279. The parts are numbered and are as
follows:

1, Turbine shaft. 16, Gridiron valve ring.

2, Coupling guard. 17, Second stage nozzle.

3, Oil deflector, main bearing, gen- 18, Second stage intermediate.
erator end. 19, Snap rings.

4, Oil fan, main bearing, generator 20, Third stage nozzle.
end. 21, Wheel bushings.

5, Worm for governor and pump 22, Retaining ring.
drive. 23, Exhaust head.

6, Worm nut. 24, Outboard bearing.

7, Main bearing lining. 25, Balancing hole cover.

8, Oil rings. 26, Third stage wheel.

9, Oilfan,mainbearing,turbine end. 27, Third stage diaphragm.
10, Oil deflector, main bearing, tur- 28, Wheel casing (split).
bine end. 29, Second stage wheel.
11, Steam deflector, main bearing. 30, Second stage diaphragm.
12, Main bearing, cap, connection 31, Balancing ring.

piece, and oil tank. 32, First stage wheel.
13, Steam port casting. 33, Balancing hole cover.
14, First stage nozzle. 34, High-pressure head.

15, First stage intermediate.

452. An enlarged detail view showing the steam nozzles, the
revolving and stationary buckets, and other details of construction
for a two-stage 750-Kw., 3,600-R.P.M. condensing Curtis steam tur-
bine is shown in Fig. 280. The present detail illustrations may help
to a fuller understanding of Fig. 279 by noting that the corresponding
features in the two figures are as follows:
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F1G. 279.—ASSEMBLY OF THREE-STAGE 1,000-Kw. T0 2,500-KW., 3,600-R.P.M. CURTIS
RI1GID FRAME STEAM TURBINE
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The first stage nozzle, 14 in., Fig. 279, corresponds to 3 in Fig. 280.
The first stage wheel, 32 « ¢« « “ “qu ow o«
The first stage interme-

diate or stationary

buckets. .......... 15 « « « “ “he « o«
The second stage nozzle, 17 ¢« « « “ “ g o«
The second stage wheel, 29 « « « “ “gu wo o«

The second stage inter-
mediate or station-
ary buckets........ 18 ¢« o« “ “i1ou o«

453. A recent form of turbine gear, operated by steam-actuated
valves, is shown in Fig.
281. A pilot valve is TOP VIEW
shown at A4 A;, con- First Stag
sisting of two solid pis-
ton valves mounted on Steam
a stem extending in -
both directions and
ending in enlarged cyl-
indrical grooved guides.
The grooves prevent sy
leakage. This pilot
valve moves up and
down in the bushing B
B, and is operated from
the point C of the float-
ing lever D E. Steam
is “bled” into the pilot
valve steam chamber
(the space between the
pistons A and A4,
through a small inlet J
ope;lmgF sho%vvnil by ::e //IJQQQ\\:\}\QE//!///’Q\
circle F. en e —
turbine and the govern- //////////m

; 7

or are at rest the posi-
tion of the floating

lever D E is such that pi6. 280.—Snowine STEAM Nozzies anp RevoLviNG
the pilot valve ismoved AND STATIONARY BUCKETS FOR TWO-STAGE CURTIS
STEAM TURBINE

3220200000000

A—
Buckets
R i

Buckets

LI ({9 3

)2331))33)33))3333)3))

*)222331333313331331333))))).

20272

)

AN
N

RADIAL SECTION

upward from the posi-
tion shown in Fig. 281, and when steam is turned on it passes from
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F through the opening shown by the small circle at A, through
the passageway shown by dotted lines to the under side of the
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F1G. 282.—P1LOT VALVE.
DETAIL ENLARGEMENT
FROM FiG. 281

operating piston G.
Any steam on the upper
side of the piston
escapes through the
other passageway
shown also by dash
lines, through the open-
ing at 4; and through
the port Hyin the pilot
valve bushing to the
exhaust pipe at J. It
will be observed that
the passageways from
A and A, are ecriss-
crossed. An enlarged
view of these parts is
given in Fig. 282.

454. When the op-

F16. 281.—CURTIS STEAM-ACTUATED VALVE
ConTROL erating piston G is

raised, it carries with
it the piston rod I and the attached valve hangers K; ... . Ke. All
of the valve hangers, it will be observed, have small shoulders pro-
jecting from the bottom, the one at K; being in contact with the
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bottom of the double-seat poppet valve L;, and the remaining
valve-hanger shoulders being at increasing distances from the
corresponding valves. The greatest distance is between K¢ and L.

As the piston G rises, the six main double-seat valves are all opened
in the order of the subscript numbers and the engine starts up with
live steam which enters the valve chamber from a combined throttle
and emergency valve, not shown, at M and passes through all of the
valve openings and the ports N, . . . . to the first stage nozzles. When
the turbine reaches a speed from 1 to 3 per cent below normal the
governor begins to operate and closes the valves one by one, starting
with Ks, until the speed becomes constant. The order of closing the
valves varies in different turbines according to their purpose and to
the details of construction. In some smaller turbines the valves
close in order successively, starting from the bottom.

455. The method by which the governor controls the valve
openings and holds them stationary when the turbine is at normal
speed is as follows: Starting with the governor “dead,” the points
D and C are above, and E is at, the position shown in Fig. 281. The
port A is open. When auxiliary steam is admitted at F the piston G
is raised, and also the valves L, . . . . and the point O of the forked or
second floating lever which now fulecrums about @ at the end of the
hanging support P Q. As O moves up, both the points £ and C
move downward about the point D, which is now stationary, and
they remain down until the governor takes hold later on. With C
down, the pilot valve is again down and on center, and the operating
piston G is held up by the steam underneath. If there is condensa-
tion or leakage and the piston drops, the point O drops and this
motion carries back to and lifts the pilot valve which, having small or
no lap, soon admits steam to send the piston up, and this in turn
again places the pilot valve on center. This action may repeat itself
rapidly and take the nature of a continuous vibration.

If the turbine reaches normal speed short of full load or “over
load,” the governor, through mechanism shown in Figs. 283 and
284, moves the points D and C downward about the point E,
opens the pilot-valve port A,, Fig. 281, permits steam to act on the
top of piston at G and moves it and the point O down. As O moves
down it turns about @, moves E and C up about D as a pivot and
causes the pilot valve to center and close the passageway A, as well
as the exhaust A. This will hold the piston at G stationary at the
proper position in its stroke, depending on the number of valves that
need to be open to give the normal speed. If the piston at G moves
slightly up or down, the very small lap of the pilot valve permits it



228 VALVES AND VALVE GEARS

to respond at once and to restore G to its proper position. From the
above it may be seen that as the turbine rises above normal speed
the governor causes the pilot valve to move down, and, as it falls
below normal, to move up.

456. The mechanism from the governor to the operating cylinder
is shown in end and side views in Figs. 283 and 284 respectively. The
governor case is shown at Z, the governor itself being constructed

Fia. 283 F1G. 284

F1G8. 283 AND 284.—SHOWING MECHANISM FROM GOVERNOR TO OPERATING CYLINDER,
INCLUDING SYNCHRONIZING DEVICE

as shown in Figs. 290 and 291. A governor lever represented in end
view at Y in Fig. 283 rotates the governor transmission shaft ¥ Y7,
shown also at Y in Fig. 284. This governor lever is similar to the
one shown at Q M in Fig. 291, and the shaft M in that figure corre-
sponds to Y in Fig. 284. The weighted lever W X is keyed to the
governor transmission shaft Y and oscillates with each change of
the governor weights. A too violent oscillation is prevented by the
dashpot T. A connection rod X D carries the fluctuating governor
motion to the main floating lever D C E. The action from this
point on has already been explained in the preceding paragraph. In
Figs. 283 and 284 is also shown a motor-operated synchronizing de-
vice, consisting of a tension spring V connected at one end to the
lever W X, and of a reversible motor S which controls the position of
the other end of the spring which is attached to a traveling nut
operated by a screw through the worm and gear shown at U. Under
normal operating conditions, the spring V is under half tension, and
through the lever W Y imposes a load upon the governor. To syn-
chronize with another machine, the tension of spring V may be in-
creased or decreased by means of motor S, thereby increasing or de-
creasing the load on the governor, and hence increasing or decreasing
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the speed of the turbine up to a limit of about 2 per cent. This limit
is maintained by means of a pin on the lower end of spring V, which,
when approximately 2 per cent change in speed has been obtained,
opens a switch and stops the motor S. The motor then can not be
started again except in the opposite direction.

457. The combined throttle and emergency valve by which
stean is admitted to the valve chest M of Fig. 281 is shown in Fig.
285. The valve itself is shown in solid black, and is a single-seat
poppet valve A with a balancing piston B at-
tached to the wvalve body or “spool.” The
poppet-valve disk contains ports C and a seat
for an auxiliary valve E. The valve mechan-
isin is shown in the position it takes just after
being tripped. The valve stem L F bottoms
on the auxiliary valve E. If the handwheel L
is now turned clockwise the sliding nut K will
be moved up because of its engagement with
the thread J on the valve stem. A trip arm
Q G is attached to this sliding nut by a pin P
and it, too, is raised about the hanging center
@G until the end @ engages the trip hook M N.
The valve is then ready to be opened.

To admit steam to the turbine, the hand-
wheel L is now turned counter-clockwise and B
the auxiliary valve FE is raised slightly above ~ Fic. 285.—CouBINED
the poppet-valve-disk seat, the valve stem now g::;"{;iw;m EMER-
bearing on its threads in the sliding nut which
is held by the hook M N. Live steam then passes from the inlet
side S through the opening D to the under side of the main-valve
disk, nearly balancing it, and permitting the entire valve to be
easily raised upon further turning of the handwheel L in the same
direction. By turning the handwheel in the opposite direction the
valve will close. Under emergency action the arm-and-hook ar-
rangement O M N is drawn back by a separate emergency govern-.
or or by hand and the trip arm Q G, now in the position shown
by dash lines, drops, carrying with it the sliding nut K and the
main and auxiliary valves A and E. The design of the valve is
such that there is always a slight closing pressure on the valve. The
emergency governor consists of a spring arm mounted on the main
shaft of the turbine. When the speed exceeds the normal speed by 7
to 10 per cent the arm flies out and through intervening mechanism
releases the trip hook O M N.

A A< |

Y AN
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The Mechanical Valve Gear for Curtis Steam Turbine

458. This “mechanical gear,” as well as the ‘“steam actuated”
and some other forms of steam control for the Curtis turbine are due
to Mr. Richard H. Rice, M.E. The mechanical gear under present

Fig. 287
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F1G8. 286 AND 287.—CURTIS MECHANICAL VALVE GEAR
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consideration differs from other turbine valve gears in that it does
not make use of steam or oil pressures, nor does it employ the floating
lever, which is also a characteristic of turbine valve gears generally.
Partial front and top views of this mechanical gear are shown in Figs.
286 and 287 and an enlarged detail view is added in Fig. 288.

There are a number of separate valves which admit steam to the
turbine wheels, five being used in the illustrations given herewith,
as shown at P in Fig. 286 and at P, . ... P in Fig. 287. The object
of the valve gear is to lift, say, P; at intervals when the turbine is
running under a light load; to keep P, lifted continuously, and to lift

F1G. 288.—SHIELD PLATE AND PAWLS, F1G. 289.—EMERGENCY TRIP GEAR
DETAIL ENLARGEMENT FROM FIG. 286

P, at intervals under a slightly heavier load, and so on, the maxi-
mum capacity being reached when all the valves are lifted all of the
time. '

The lifting of the valves is accomplished by the valve gear, as
follows: A worm on the main turbine shaft engages with a worm
wheel as shown at W, Fig. 286, the latter being mounted on a spindle
which carries another worm at T. The worm wheel, which engages
with T, carries a pin R to which the lower end of the drive rod R M
is connected; while the upper end of the rod is connected to the
steam lever M E which oscillates about the fixed center E, the ex-
tremity M swinging in the path of the short arc shown at M. The
vibrating steam lever E M carries a fixed cross-bar K; Kz, and this
in turn carries a series of pins I and J, on which five sets of pawls are
mounted, those shown at H opening the valves and those at G closing
them. On the cross-bar K; K, are also mounted five bent springs,
L, .. .. L the ends of the springs being attached to spurs on the
corresponding pawls as shown close to I and J, in Figs. 286 and 288.
These springs serve to keep the toe of each pawl H and G against
the latch or ratchet blocks N and O, which act as a crosshead carry-

-
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ing the valve rod O P. If the valve-gear construction stopped here,
the pawls would engage with the latch blocks alternately on the up
and down strokes, and all of the valves would open and close to-
gether for a short period during each turn of the worm wheel S.

459. In order to complete the valve-gear mechanism, other parts
are added which are under the control of the governor. These parts
are shown in Figs. 286 and 287. The governor, which is indicated at
V, Fig. 286, is the same as the one which is illustrated later in detail
in Figs. 290 and 291. As the turbine speed rises above its normal
value the arms of the governor weights move inward and the ball
joint U moves upwards so that the double-arm lever A B C, in turn-
ing on its fixed pivot B, swings the end C on the short arc shown at C.
A link C D connects with a bell crank D E F which rides freely on
the shaft E. The end of the bell crank at F is known as a shield
plate, and is so formed as to engage with the heels Y and Z of the two
pawls shown on enlarged scale in Fig. 288. If the turbine speed rises
above normal, as supposed, C and D both move to the left and the
shield plate moves up, thus keeping the upper pawl H from engaging
with the latch block N and allowing the lower pawl G to engage with
the latch block O, thus closing the valve on the down stroke. In
order to keep all valves from lifting and closing at the same time
the five bell cranks with their formed shield plates are set on a spiral,
each being advanced an equal small angle from the preceding one.
When the turbine is shut down and the governor at rest, the shield
plates are all dropped so as to engage only the heel plates of the lower
pawls, thus preventing them from acting to close their respective
valves. At the same time, the upper pawls are all free and on being
raised are ready to engage with the upper latch blocks, thus lifting
the valves and permitting open ports to be maintained for the start-
ing of the turbine. A valve, valve stem, and latch block, when once
raised, remain so, due to the unbalanced pressure on the valve P,
until the lower pawl is permitted to push them down again. The
unbalanced upward pressure on the valve is due to the pressure area
taken away from the top of the valve by the valve stem 10.

460. An emergency valve gear is also used and is designed to
shut down the turbine in case the regulating valve gear should fail
to function. The emergency governor represented at 6 in Fig. 286,
and in detail in Fig. 289, is located on the main shaft 8 and consists
of two independent flat springs, 11 and 12, set diametrically opposite
each other on a revolving disk. These springs are rigidly fastened
at one end to the disk and the other end of each spring rests under
light pressure against pins 14 and 15 which are fastened in the disk.
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If the turbine reaches the emergency speed the centrifugal force of
the spring exceeds the spring force and the free ends of the springs
fly out from the pins and trip a latch 16, which through several arms
and links, 17—?7, allows an emergency weight, or arm such as is
shown at @ G in Fig. 285, to drop and to close the throttle or the
emergency valve which is located in the main steam line just in front
of the steam chest shown
at 10, Fig. 286. !
461. Other features of G E B
construction, not referring )

particularly to the valve D% %
gear, are represented in N7 gl
Fig. 286, as follows: 1, @ gy
the governor weights; 2, .ﬁg o e

a flexible coupling; 3, an i l,VL BN

oil pump consisting simply I;,v A ()R .
of two spur gears running B; '7’)’ i :5":

in close mesh with each G

other and with but slight

clearance in the casing; 4,0 | B, B,

4, the shaft bearing, and F1c. 200

9, the first-stage bucket
wheel.

Curtis Steam Turbine
Governor

94" R
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462. The governor
used on the steam - actu-
ated and mechanical valve
gears of the Curtis types
is shown in Figs. 290 and
291, the former being a
plan or top view, and the
latter a partial vertical
section. The two govern-
or weights B B; and
B; B; are pivoted on ball F1G8. 290 AND 291.—CURTIS STEAM TURBINE
bearings at C and C; re- Govemon
spectively. The movement of these weights due to centrifugal
force and inertia is resisted by a coiled tension spring S which
connects the two weights through the knife-edge supports at E and
E,. As the weights swing out the points A and A,, which are on

Fia. 291
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arms extending inward from the lower part of the governor
weights, move toward each other and thereby raise the pin D
through the intervening Y-arms shown at A D and A, D. When
D rises, @ also rises, and swings the governor lever M N about
M, thereby causing one or more of the steam valves to close and
cut down the steam admission until the normal speed is again reached.
The manner in which it is done is shown in Fig. 281 and explained
in the text accompanying that figure. The rod N F, leading to the
valve gear, Fig. 291, is used on some types of construction. In Fig.
281, however, this connection rod and the part N @ of the lever are
not used, the governor motion being there taken from the shaft at
M, Figs. 290 and 291. The point M corresponds to Y of Fig. 284.

463. The rod H P connects the governor lever with a piston in
the oil dashpot shown at P, the purpose of this attachment being to
damp or to control any supersensitiveness of the governor. The
dashpot is filled with an oil of such viscosity as will permit a free but
not a rapid motion of the governor lever. Small projecting lugs
L are cast on the ends of the governor weights. They act as stops
in limiting the swing of the weights. There are two lugs on each
weight, the upper right hand one on B B,, engaging with the upper
left hand one on B; B;, Two bars, similar to G G,, connect the
weights and compel them to act in unison.

WESTINGHOUSE STEAM TURBINE VALVE GEARS

464. In the Westinghouse steam turbine three types of gears are
in general use, although the manufacture of one of them, the one
with the steam relay, is now discontinued by the Westinghouse

F1G. 292.—WESTINGHOUSE DOUBLE-FLOW TURBINE, ROTOR AND CASING

Machine Company, except in machines of older design. The three
types may be described as the:

Direct,

Hydraulic or Oil-Operated Relay, and the
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Steam-Operated Relay.

The first two types of gear give practically uniform steam flow
to the turbine under full working load, while the steam-operated
relay may admit the steam in a series of puffs as explained in
Paragraph 480.

465. A longitudinal section of a Westinghouse double-flow tur-
bine is shown in Fig. 292. The steam inlet is at L, impulse wheel at
P, reaction blades at T' T, and exhaust at X X.

Westinghouse “ Direct”’ Valve Gear

466. In the Direct Type of valve gear the governor acts directly
on the valve as shown in Figs. 293 and 294. The governor weight
12 is shown in its outermost position as it swings about the knife

FI1G. 293.—PRIMARY AND SEC- F1G6. 294.—WESTINGHOUSE TURBINE *‘ DIRECT"’
ONDARY VALVES CONTROLLED BY TYPE VALVE GEAR
**DIRECT'' VALVE GEAR

edge 9 and compresses the governor spring 13 its maximum amount,
thus lifting the point B of the governor lever A B E to its highest
position. The point E is then in its lowest position, and so are the
points S and U. The governor lever swings about the point C which
has a slightly oscillating motion to accommodate the point B which
moves in a straight line up and down. The point U represents the
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ends of the two main valve-stem connecting links, one of which is
shown at U, in Fig. 293 and the other at Us. U, connects with the
primary valve stem of the primary valve at 64. U, and U: move
together and when they are both all the way down, both the primary
and secondary valves V and W are closed.

467. The spring at L is an auxiliary governor spring and is set
with practically no tension when the governor weights are full in.
The main governor spring 13 is then set by means of the adjusting
nut at the top so that the turbine runs at 5 per cent below normal
speed at no load. The auxiliary spring L is then tightened by means
of the handwheel 14 until the turbine runs at normal speed.

468. Steam enters as shown by the arrows in Fig. 293, passing
through the primary valve V to the turbine admission pipe shown
at 560. When the primary valve V has been raised by the governor
so that the admission area between the valve and valve seat is about
equal to the admission area in the plane of the valve seat, the second-
ary valve W should begin to open, and this is regulated by the space
that is left between the hanger seat 66 and the lock adjusting-nuts
43 on the secondary valve stem.

469. In order to insure that the secondary valve will remain
closed until it is needed, a pressure piston is provided at 67. The
full steam pressure, before it passes through the primary valve, is
carried to the top of piston 67 through the pipe 66. The steam pres-
sure on the under side of piston 67 is equal to the pressure after the
steam passes through the primary valve and, up to the time that
the primary valve is full open, this is less, due to throttling, than the
initial pressure. When the secondary valve begins to rise, the
primary valve also rises with it, because of the mechanical connec-
tions, but the primary valve does not admit any more steam to the
turbine admission pipe 60 because it has already reached its capacity.
The additional necessary steam enters the turbine through the
pipe 46. '

470. An oil dashpot is shown at 5, its purpose being to steady
the action of the governor by dragging a piston through an oil-filled
cylinder, shown in section at 6 in Fig. 297. The method of driving
the governor weights 12 through the vertical spindle and the gov-
ernor supporting disk 8 is shown more completely also in Fig. 297.
The compound motion derived from the governor weights acting
against the compression spring 13 is both rotary and vertical and is
transmitted from the spring seat through the bolts represented at 7
to the clutch disk 6. This disk has a cylindrical extension, the
lower enlarged end of which has a circular groove into which is fitted
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an internal ring of a sleeve which carries on its outer surface two
pins, one of which is shown at B. To these pins is pivoted the
governor lever A B E. Inasmuch as the governor lever swings up
and down in its own plane, the sleeve which carries the pins is con-
strained to have vertical motion only, and the cylindrical clutch
turns freely on the inner rings of the sleeve.

Westinghouse Hydraulic or Oil-Operated Relay Valve Gear

471. The general arrangement of the hydraulic valve gear with
the oil-operated relay in relation to the turbine casing is shown in
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F1G6. 295.—GENERAL ARRANGEMENT OF OIL-OPERATED RELAY GEAR AND TURBINE
CASBING

Fig. 295. Diagrammatic detail views of the valves, intervening valve
gear, and governor are shown in Figs. 296 to 298. The reference
letters and numbers correspond in all four figures.

472. The intervening valve gear and valve parts which lie be-
tween the governor and the main valves operate as follows: As the
governor weights move out or in, they transmit motion through the
arms and links A BCE, Fig. 297, DEF, FG,GHI,IM, and M
N to the valve-gear shaft N. If, for example, the governor weights
move out, the point B of the lever moves up about C as a center and
the motion through the intervening mechanism is such that O
moves down. As it does 8o, the points P and Q move down about the
temporarily fixed pivot at R and the pilot valve Y also moves down
and opens the port leading to the lower side of the relay piston Z.
An enlarged view of the pilot valve is shown in Fig. 298. Oil under
pressure then flows from the inside supply port 25 through the pas-
sageways 26, 40, 38, 36, and 37, and lifts the piston Z and the two
pins R and S which are fastened to the relay piston rod. As S rises
the other end U of the lever falls and with it the main admission
valve V, thus cutting down the steam supply. When the main valve
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has moved down enough to regulate the steam supply according to
the load and the desired speed, the pin R will be moved up about the
temporarily fixed pivot P and will have carried with it the pin Q
and the pilot valve Y, thus closing the oil port and holding the relay
piston Z at rest until the next change in the speed of the turbine.
For any one speed of running the pilot valve Y covers the ports of
admission to the two sides of the piston Z, except for a slight oscil-
lation which is described below, and which allows the oil from 25
to enter both above and below the piston Z, at intervals in rapid suc-
cession, thus causing Z to be constantly oscillating with a very
small movement, about }{s to 14 of an inch.

If the governor weights move in, the part C E of the governor
lever moves up, the pilot valve ¥ moves up, admitting oil to the
upper side of Z, the relay piston Z moves down, and the main
valves Y and W move up, admitting more steam.

473. The phase of the valve mechanism shown in Figs. 296 and
297 is for normal speed at normal full load. When the turbine is at
rest, the governor weights are at their full inward positions, the arm
N O full up, the pilot valve Y in its top position with free opening
from the oil supply pipe 25 to the top of piston Z, and there is no
oil pressure. .

Upon starting the turbine, the auxiliary oil pump is first set in
operation, thus creating a pressure in 25 and driving oil through the
passageways 24, 29, 34, 32, and 33, causing the piston Z to descend
and thus open wide the primary valve V. Steam is then admitted
by opening the valve, not shown, in the steam main leading to the
primary valve. The speed variation is designed not to exceed 4 per
cent for a full range of travel of the valve parts, and the governor
does not ‘““take hold” until the turbine is nearly up to its normal
speed. When the turbine is not in use the valve V is kept to its
seat by the spring 63 acting on the valve stem. Steam is admitted
as indicated by the arrows from a strainer, not shown, to the oper-
ating valve V, and thence to the turbine through the circular open-
ing represented by the dash-line circle 50. The valve W, Fig. 296,
is a secondary valve, being designed, by means of an adjustable
backlash device at 43, so that its time of opening may be changed
by the operator. It is usually regulated so as to open when the
primary valve has reached its maximum opening. In the position

shown, the primary valve has just reached its maximum admis-
" sion position in which the circumferential and transverse openings
are equal, and the secondary valve is just ready to open because
the block at U, has just come into contact with the regulating
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screw 43 and any further motion of U; will open the secondary
valve W.

474. Inasmuch as a governor must first absorb energy sufficient
to overcome the friction of rest of the various movable parts of the
valve gear which remain stationary with respect to each other for
any constant speed, it can not instantly transmit the regulating
motion for which it is designed. In order to reduce this delayed
action, this Westinghouse gear includes a vibratory motion illustrated
in Fig. 297. A B C E is a governor lever which turns about C as the
point B is moved up or down by the governor. For any constant
speed of the turbine, B is stationary and so is E. A connects to a
dashpot filled with oil to act as a damper on the governor, thus
steadying the control. D E F is a double-arm rocker pivoted to the
end of the governor lever at E. The end D of the rocker is kept in
constant motion by the rotating cam represented at I, this cam
receiving its motion as indicated through a pair of spur gear wheels
2, and through the worm and wheel 3 and 4. The spur gears are
employed also to operate an oil pump. With E stationary and D
vibrating, the entire linkage from F to the primary valve V is con-
stantly oscillating. The constant vibration of the pilot valve up and
down will admit oil pressure alternately each cycle of the valve gear
to both sides of the relay piston Z and cause both it and the main
valve also to oscillate in unison, but to a lesser degree. When such
oscillation occurs with the valve V nearly closed, as might be the
case with high speed and small load, it would result in the admission
of steam by a series of puffs, but when the turbine is running under
any ordinary conditions the valve V is lifted so far from its seat that
the oscillation of the valve has no appreciable effect on the steady
blast of the steam.

475. An auxiliary safety pilot valve is shown at 41 in Fig. 297.
It is moved by a piston shown at 4! and this in turn is operated by
a safety stop governor, which, when tripped, allows steam to enter
and drive down this piston and the piston valve X until the ports
35 and 36 are open to oil pressure from 25 through 39 to the under
side of Z. As Z rises, the main valve V closes irrespective of the po-
sition of the governor-controlled pilot valve. When the auxiliary
valve X has dropped, the ports 32 and 31 are open to release through
28 and 23 to the release pipe 22.

476. The spring at 63, Fig. 296, is used to close the primary
valve V, while the spring at 19 is used to relieve the mechanism of
strain. These details of construction are not essential to a general
understanding of the turbine gear when running under regular con-
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ditions. It may be explained, however, that with the turbine at rest
and oil pressure removed, the spring 63 will keep the valve V
closed and the piston Z at the top of its stroke. Also, with the tur-
bine at rest, the governor weights will be full in, and the lever N O
at its highest position, which would cause a strain on the link 20.
This strain is taken up by the spring 19. In case of failure of oil sup-
ply while the turbine is running, the spring 63 will close the main
valve.

477. In order to aid the control of the speed regulation, an auxil-
iary spring is added at L. This is a tension spring and its pull on
the rocker arm L K J may be increased or decreased by a hand-
wheel 14 or by a motor 15 by throwing a switch. Stops are placed
on the extension of the threaded rod at 16 and 18, and they control
the range of action of the spring by breaking contact when one
or the other reaches the switch at 7. This auxiliary spring,
through the several links and levers, adds to or decreases the com-
pression in the main governor spring 13.

478. The various adjustments for this valve gear as issued by the
Westinghouse Machine Company are as follows:

With relay and governor connected and oil pressure established,
the turbine revolving slowly so as to get the oscillation of lever L K J
and governor weights in innermost position, the link I M or @ 21
should be adjusted so that the oil operating piston Z is at the extreme
bottom of its stroke, and either link so adjusted that if @ 21 be length- -
ened or I M shortened one and one-half turns it will cause a slight
motion of the piston. In adjusting links I M or Q 21 it is advisable
to have the floating lever horizontal when the oil-operating piston Z
is in mid position and relay plunger Y central.

With governor dashpot piston & held about '3{s inch from upper
end of its travel the oil-operating piston Z should be in its upper-
most position and have no oscillation. This figure must not be less
than 14 inch.

The auxiliary spring at L to be first adjusted so that with the
governor weights in their innermost position it will have practically
no tension. Then the main governor spring to be adjusted so that
the turbine runs at 5 per cent below normal speed at no load. With
the above conditions and the auxiliary spring then tightened until
the turbine runs at normal speed, the speed variation between full
load and friction load to be in accordance with contract.

Total travel of clutch B 7 with governor disconnected from relay
plunger Y = 3 inches; with governor connected to relay plunger,
about 234 inches.



242 VALVES AND VALVE GEARS

After all governor adjustments have been made, adjust position
of stop 16 so that circuit is opened when the speed of turbine is raised
5 per cent above normal speed.

Adjust position of stop 18 so that circuit is opened by the time
the auxiliary spring is relieved of tension while governor weights are
in their innermost position.

Adjust the screw 43 so that secondary valve will open when pri-
mary inlet pressure reaches a maximum or within about 10 pounds
of throttle pressure.

With automatic stop piston 4! at upper end of its stroke the piston
valves X and X, should be central over ports 31/ and 35; with the
piston in lowest position X and X, should be central over 34 and 38.
These adjustments are for sizes 215 condensing and 218 condensing
Westinghouse turbines.

Westinghouse Steam-Operated Relay Valve Gear

479. The steam relay valve gear which is in use on many West-
inghouse steamn turbines of earlier construction and which is still
used on all Parsons turbines in Europe, is illustrated in its latest
form as to details of construction in Fig. 299. The main steam pipe
is shown at A. A small steam passageway shown at B leads to the
under side of the piston D. This passageway is here shown in the
plane of the section, but on the turbine itself it is in front of this
plane, and it has a needle valve control similar to that shown at S.
There are two other openings to the space under the piston D; one,
the pipe C which is stopped by a check valve which is under the
control of the safety governor and opens only in case of emergency,
and the other the port E which is stopped by a piston valve L which
is under control of the operating governor. F is a dashpot piston.

480. While the turbine is running under its rated speed the
piston valve L keeps the port E closed and allows the live-steam
pressure from B to act-on the bottom of the piston D and thus keep
open the main or primary valve X. When the turbine speed exceeds
the normal the pilot valve L is lowered by the governor and steam
is allowed to escape through the port K in the valve bushing to the
exhaust chamber J which is connected with an exhaust pipe not shown.
The chamber M is for leakage and drainage. As the steam escapes
through E the pressure under the piston D decreases and the spring
@ drives the valve rod and valve X down and closes the valve open-
ing by an amount sufficient to regulate the speed, and the governor
again moves the pilot valve L so as to close the port E. In addition,
the pilot valve L is given a slight up-and-down motion of uniform
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range by an oscillating device such as is shown in connection with the
oil relay gear in Fig. 297. The position of this vibratory range of
motion is regulated by the governor. Thus the pilot valve L opens
at regular intervals and for longer or shorter periods at each interval

F1G. 299.—WESTINGHOUSE STEAM-OPERATED RELAY VALVE GEAR.

according to the load and speed of the turbine, and the primary
valve X has a continuous vibrating motion, the limiting planes of
vibration being so located, under light loads, for example, as to per-
mit the valve X to seat each time. Under normal load, the limiting
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planes of vibration will both be above the valve seat and there will
be continuous valve opening, although the area of such opening will
vary with the vibration of the valve. The result is that the steam
enters the turbine in a series of puffs or blasts, which are separate and
distinct, or merged, according to the location of the limiting vibra-
tory planes as just described.

481. A secondary admission valve U is provided and is under
the control of the same governor as the primary valve X. The pilot
valve N which immediately controls the motion of the secondary
admission valve U has a larger lap than the pilot valve L and this
larger lap is so proportioned that the secondary valve does not
come into action until the primary valve X has attained its maximum
opening. A further adjustment for controlling the action of the
secondary valve is provided by the screw at P.

482. The actual steam pressure necessary to move the secondary
valve is supplied as follows: When the turbine is running at or under
the rated load, the secondary valve U remains stationary on its seat
and steam is admitted through the passageway T and the two needle
valves S and @ to both sides of the piston B. As the turbine reaches
about full load the pilot valve N drops, opening the exhaust port at N
for the escape of steam from the upper side of the piston R through
the small passageway shown at O. The piston R then rises against
the pressure of the spring and opens the secondary valve U. If the
turbine exceeds the normal speed the pilot valve N rises, thus closing
the exhaust from the upper side of the piston R and again putting it
in balance when the spring closes the valve U. The steam admitted
by the secondary valve passes directly to the annular space at the
beginning of the intermediate drum of the rotor where the working
steam areas are greater.

DE LavaL STEaAM TURBINE VALVE GEAR

483. The valve gear and one of the types of governor used on the
De Laval steam turbine are shown in Figs. 300 and 301. The valve
is of the double-seat poppet type and is located in the main steam
pipe supply line as illustrated at A A, in the detail view Fig. 301. It
is there shown open and is operated directly by the arm B C which is
on a shaft which passes through a_ steam pipe stuffing box at B, and
on the outside is keyed a bell crank D B C;, the arm B C; being a
balance arm with a spring F at the end while the arm B D con-
nects with the governor. When the turbine starts up or when the
turbine is under full load, the poppet valve is wide open and as the
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load decreases or as the speed increases the valve A A; is drawn
down by the governor as explained in the following paragraph. At
E is a wire screen steam strainer. The materials used for the valve
body, disks, and seats depend upon the pressure and temperature
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F1G8. 300 AND 301.—DE L.AVAL STEAM TURBINE VALVE GEAR AND GOVERNOR

of the steam. For ordinary pressures the valve body is made of cast
iron and the disks and seats of non-corrosive metal, but for super-
heated steam, steel is used throughout.

484. The De Laval governor here illustrated acts through the
centrifugal force of the steel-shell weights N N,, Fig. 300, which
contain pins at H H; and knife edges at J J, which fulcrum on the
disk G. The pins H H, bear against the collar K which takes the
thrust of the governor springs at L L,. As the governor weights fly
out the spindle M, attached to K, moves out and swings the arm
D B to the right and the arms B C; and B C down, thus partially
closing the valve and reducing the steam supply.

485. An automatic safety vacuum governor is also operated by
the main governor weights, there being a flexible or spring connection
at P. If the turbine speed should go above a predetermined point
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the governor weights N N; would have sufficient power to overcome
the spring P, which is stronger than the spring F and would move
the pin R and the valve stem S and open the valve T, thus admitting
air to the vacuum chamber at V in which the turbine wheel revolves.
This would immediately put an air brake on the wheel and prevent
any acceleration of speed. This method applies only when the tur-
bine is exhausting into its own condenser. When several turbines
are exhausting into a common condenser the passageway beyond the
air valve T leads to a piston that-operates a butterfly valve which is
placed between the turbine wheel casing and the condenser. The ad-
mission of air behind this piston chokes the exhaust of its own
turbine and thus destroys the vacuum in that wheel case without dis-
turbing the vacuum in the condenser and other turbine casings.

486. For controlling the speed of the De Laval turbines of the
larger sizes, or where exceptionally close speed regulation is required,
a vertical governor of the Jahns type, driven from the turbine shaft
by worm gearing, is employed. It consists of two weights guided by
rollers so that centrifugal force will move them in opposite directions
along straight lines at right angles to the revolving spindle. The out-
ward radial motion of the weights is resisted by governor springs. A
bell crank with a roller at the end of each arm is mounted on the
governor case and directly under each of the governor weights, the
roller on the vertical arm fitting in a vertical slot of the governor
weights and the roller on the horizontal arm fitting in a slot in a
sliding sleeve which surrounds the governor spindle and which trans-
mits its up-and-down motion through suitable links and levers to
the throttle valve.

487. An emergency governor used on the De Laval turbine con-
sists of a radial bolt set in a revolving disk. Under the action of cen-
trifugal force, it presses against a spiral spring and at a pre-determined
speed projects far enough to strike a small lever and trip a mechanism
which immediately closes a butterfly valve in the steam inlet open-
ing. In some types of the De Laval turbine the emergency gov-
ernor trips a small valve which releases steam pressure from under a
small piston in a combined trip and throttle valve, the balanced disk
of which is ithmediately forced to close.

END OF VOLUME I



INDEX TO VOLUME 1

A
PAGE
Actual steam velocity............ 19
Adjustable piston-valve rings. .. .77, 78
pressure-plate valves......... 83
Adjusting valve gear for recipro-
cating engines............. 131

valve gear for steam turbine. .241
Air compressor, design of valve for.. 97

Allen valve design............. 37,40
Allen valve gear................ 179
American Ball engine. ........... 155

American semi-plug piston valve.. 79
Ames-Stumpf “Una-Flow” engine.212
Analysis of link motion.......... 162
Angle of advance. ............. 4,10
of advance for Corliss engine..118
of advance for given cut-off. . .169

oflead..................... 4
Angular accelerating governor. .. .. 71
Angularity of connecting-rod...... 7

of eccentricrod.............. 8
Armington & Sims governor....... 154

- Auchincloss method of link-motion

analysis . .................... 162
Automatic cut-off governors. . . ... 158
Auxiliary valves. ............. 88-92
Average steam velocity.......... 19

B

Backing eccentricrod............ 161
Baker valvegear................ 192
Balanced Corliss valve. .......... 144

poppet valves............... 201

valves........ 39, 81-88, 144, 201
Baldwin locomotive piston valve... 81
Ball telescopic valve. ............ 85
Bellerank................... 61,161

crank, location for equalized

cut-off in link motions...... 172
Bent rocker.............. 30, 59, 115
Bilgram diagram................ 42
Boxlink....................... 174

PAGE
Braemme-Marshall valve gear.....190
Bridge, valve seat............ 2,7,25
Bridlerod.................. 175, 203
Buckeye flat valve. ... .......... 103
GOVEINOT. . . ......ovvurnnnnn 151
round valve. . .............. 103
Butterfly valve............... 52, 54
C
Cams...................L. 64
Cam valve gear, positive. . ....... 144
Center-line relation between valve
gear and engine cylinder. ... ... 167
Centrifugal governor. . . .. 69, 126, 198
Centrifugal shaft governor.. ...... 71
Circle, eccentric. ................ 9
Zeuner.............. ....... 10
Closedrods..................... 165
Clutchrods.................... 120
Clutches, disengaging. ........... 130
Combination lever. ............. 183
Compound radial valve gear. ..... 190
Compression.................... 9

equalizing by unequal laps. ... 26
Corliss cut-off limited with single

eccentric. ............ 112, 138
engine speed.. . .110, 113, 120, 141
gear advantages............. 108
gear motion-diagram.. ....... 143
valve and gear.......... 107-133
valve balance............... 88
valve-gear design............ 115
valve gear, Nordberg.. . ...... 137
valves, sizesof.............. 113

Crank end, definition of. . ........ 3

Crossedrods.................... 165
Curtis steam turbine valve gears,

220-234

Curved-slot eccentric. . ...... 147, 158
eccentric, location of pivot

of .o 149



248 INDEX TO VOLUME I

PAGE

Cushioning, method of dashpot,
114, 130
Cutoff....................... 9, 12
equalized at all speeds........ 172
QOVErnors. . ................ 158
valves. .. ............... 88-106

Cut-off, equalizing by unequal laps. 26

equalizing with equal laps..... 30
Cyecle, principal phases of.. . ...... 12
Cylindrical valves............. 51, 53

D

Dashpot, Hewes & Phillips vacuum. 113
oil-filled for governor control,
127, 234, 236
piston travel of . ............ 117
Rice & Sargent spring-actuated 130
time required to close........ 113
Dead center, definition........... 3
Dead points in valve gears. . .118, 143

De Laval steam turbine valve gear.244
Diagram, Bilgram. . ............. 42
Reuleaux................... 4
sinusoidal . . . . ........ ... ... 48
valveellipse. . . ............. 45
Zeuner................ 9, 11, 23
Double rotating eccentrics. . . . . ... 154
Double-bar link. ................ 174
Double-lead and double-admission. 38
Double-ported valve design. ... ... 92

Double-seat poppet valve,
195, 197, 199, 227
Drafting-table problems,
23, 38, 92, 97, 115, 159, 176, 205

D-valve........................ 7
design..................... 23
limited use of. .. ............ 33

E

Eccentricandrod. ............. 1, 59
circle..................... 9,10
replaced by swinging pivot.. ..150
sheave.......... ......... 1, 59

Eccentric, setting of . . . . ... .. 131
straight-slot. . . .. ce....197
virtual.............. ... 162, 176

Eccentricity, definition of. . .. .... 2

Eccentrics. . ................ 146-160

PAGE
Elementary valve............... 1,4
Ellipse valve diagram............ 45
Emergency trip gear......... 231, 246
valve, combined throttle and . .221
Endvalves................... 51, 54

Equalizing compression, unequal
laps............0........ 26
cut-off in link motions........171
cut-off, equal laps. . . ........ 30
cut-off, unequal laps. ... ..... 26
Equivalent eccentric............. 177
Exhaust closure. ....... ....... 12, 27
lap....................... 7,12
lap, negative. . . ............ 12
lead....................... 12
passageway in cylinder.. . .... 97
port................... 7,12, 26

F
Finkgear...................... 180
Fitchburg governor.............. 153
piston valve and gear. ....... 78
Fixed eccentrics................. 146
pressure-plate valves. ........ 83
Flatvalve................... 51, 52
Flexible pressure-plate valves. . ... 83
Floating arm, Nordberg. ......... 138
lever...................... 62
valve gear. .. .. 202, 205, 206, 212
Fly-ball governor. .............. 70
Forbes steering engine. . ......... 206
Formula for port and pipe sizes. . . 17
for steam lap, Pfeiffer’s....... 16
for width of bridge. . ........ 25
for width of exhaust port. . ... 26
Forward eccentricrod.. .......... 161
stroke, definition............ 3
Friction of sliding valves. . ....... 50
Full gear backward.............. 161
gear forward................ 161
Fundamental valve forms. ....... 50
valvegears................. 55
G

Gonzenbach valve. .............. 89
Gooch valvegear. . ............. 179
Governor, adjusting the. ......... 131
American Ball. . ... .........155



INDEX TO VOLUME I

‘ PAGE
Governor, Armington & Sims. . ... 154
Buckeye............... ... 151
Curtis steam turbine......... 233
De Laval steam turbine. . . ... 245
Fitchburg.................. 153
Jahns............... ... ... 246
Pickering.................. 159
revolving pendulum. . ... .... 159
Rites.........covvvvinnen. 156

Rites on Rice & Sargent
engine ............... 123
Sargent.................... 126
shaft............... 70, 151, 158
“gtraight-line”............. 151
Westinghouse steam engine. . .151

Weetmghouse steam turbine,
235, 239
Governors. ..........ooiiiinnn.. 69
automatic cut-off. . .......... 158
throtthing. . . . .............. 158
Gridiron valve. . ................ 104
H
Hackworth valve gear. .. ........ 186
Harmonic motion. .............. 56
Head end, definition. ............ 3
Hewes & Phillips Corliss gear. .. .. 107
High-speed valve gear, Nordberg. .141
Hydraulic valve gear, Curtis. . . ... 220
valve gear, Westinghouse.. . . .237
I

“Ideal” piston valve............ 76

Indicator card and valve ellipse... 47
Indicator cards for equalized re-

lease and exhaust closure... 29

cards from curved- and
straight-slot eccentrics. . . .. 157

cards from straight-slot and
rotating eccentrics......... 159

cards, effect of open and crossed
rodson.................. 176
cards, uniflow engine. . . .. 214-216
Inertia governors. ....... 69, 124, 198
Infinite connecting rod......... 7,55
Inside admission. . . ......... 184, 206
lap. ...l 6
Intermediate gear. . ............. 161

PAGE
J

“Jack Wilson” high-pressure slide
valve. . ...l 86
Joy valvegear.................. 190

L

Lap-and-lead lever. .. ........... 183
Lapangle...................... 4
Lap, exhaust............... 6,7,12
inside...................... 6
negative................... 12
outside.................... 12
positive. . .................. 12
steam...................... 4
Lead......................... 4, 38
angle...................... 4
in link motions. . ... ........ 173
Lead, exhaust.................. 12
Lengthof port.................. 18
Lentz valve gear................ 197
Levers, floating. ... ............. 62
Lifting valves................... 52
Liners, valve.............. 74, 76, 80
Link-motion analysis. .. ......... 162
Links. . ....coveeeiiiiinii. 61, 161
Locomotive ba]a.nced valve. . ..... 39
piston valve, Vauclain........ 81

Long-range valve gear, Nordberg. .138
Lubrication, crank case, for steam

engine....................... 135
M
Marshall valve gear.......... ... 188
Marshall, J. T., valve gear....... 182
Meclntosh, Seymour, steam valve
........................ 104
Mechanical valve gear, Curtis steam
turbine. ..................... 230
Meyervalve.................... 92
Meyer valve-gear design. . .. .. 97-102
Mid-gear....................... 161
travel.................... 168
Models, use of, in valve-gear design.174
N
Negative exhaust lap. ... ........ 12

Nordberg steam engines. . . ... 137-145



250

PAGE
Notches, valve gear. .. .......... 161
Note-book problems. . ... ..... 20-23
Nozzle and buckets, Curtis steam
turbine...................... 225
(8]
Offset crank and connecting rod.57, 136
cylinder, Westinghouse.. . ....136
Oil dashpots. . . ........ 127, 234, 236
Oil-operated relay valve gear.. .. .. 237
Openlink...................... 174
rods....................... 165
Opening, exhaust port. . ... ... ... 12
steamport................ 7,18
Operation of simple steam engine.. 3
Outside admission. .......... 184, 206
lap.................... ... 12
Over,running. ... ............ 3, 146
Overtravel. .................... 18
P
Parallelogram motion. ........... 140
Pendulum governor, revolving. 70, 159
Pfeiffer’s steam-lap formula.. . .. .. 16
Pickering governor. ... .......... 159
Pilot valves, steam turbines. . . 226, 237
Piston, exhaust valvein....... ... 219
relay for steam turbine. ... ... 237
Piston valve.............. 51, 53, 81
valvedesign. ............... 73
valverings............... 74, 77
valve, American semi-plug.... 79
valve, double-ported. .. .... 77,78
valve, “Ideal”.............. 76
valve, Vauclain. . . .. ... .. ... 81
Polonceau valve. . .............. 91
Poppet valve. . ............... 52, 54
valvetypes................. 200

valve, double-seat,
195, 197, 199, 227

Port, lengthof............... ... 18
opening.. . ................ 7,18
width. . ... ... .......... 7,18

Ports in valve castings........... 95

Porter-Allen valve gear. . ... .. ... 181

Positive exhaust lap............. 12

Practical steam-engine valves. . . .. 73

Preadmission. .................. 158

INDEX TO VOLUME I

PAGE
Pressure on unbalanced flat valves. 50
Pressure-plate valves. . ........ 82-87

Primary and secondary valves. . . .235
Problems, drafting-table,
23, 38, 92, 97, 115, 159, 176, 205

exercise, explained......... 13-16
exercise, original. . . ... ... 17, 148
note-book................ 20-23
special. .................. 34, 35
R

Radialcam..................... 65
valvegears................. 186
Radiusrods. ... ................ 107

Relay valve gear, Westinghouse,
237, 242
Release....................... 9, 12

gear for Corliss engines. .109, 121
equalizing by unequal laps.. .. 27

Return stroke, definition. ........ 3
Reuleaux diagram. .............. 44
Reversing lever. . .. .......... ... 161
of steam engines. .. ... .. 146, 162
valvegears...... ....... 161-211
with eccentrics. ............. 148

Revolving pendulum governors.70, 159
Rice & Sargent Corliss gear. . .119-133

Rice steam turbine gears. . . ...... 230

Riding valves. ............. ... 88, 91

Rings for piston valves.. . ... ... 74, 77

Rites governor. ................. 156
governor on Rice & Sargent

engine................... 123

Rock shaft......... 161, 176, 194, 203

Rocker arm, effect of .30, 59, 115, 161
compound in Buckeye gear.. . .103
Rocking or rotating valves. 51, 106, 117

Rollingecam.................... 7
Rotating eccentrics. . . . . 146, 151, 159
Running over, definition. ... ..... 3
under, definition............ 3
S

“8,” value of, in Meyer valve de-
SIgN. ... 99
Saddleblock.............. ..... 161
Saddle pin, locationof. .. ... ..... 161

Safety devices for Corliss engines,
111, 127, 140, 142



INDEX TO VOLUME I

PAGE
" Sargent governor................ 126
Scotch yoke. . ................. 7, 56
Self-centering valve gear......... 202

Setting of eccentric, valve and gov-
12 ¢170) 131

valve gear, reciprocating en-
gine. ..........iiiiinn, 131
valve gear, steam turbine. . . .. 241
Shaft governors. . ........ 70, 151, 158
Shifting links. .................. 175
Single-acting steam engines... . ... 133
Sinusoidal valve diagram......... 48
Size of ports in valve castings. . . .. 95
Sizes of ports and pipes.......... 17
~ Skeleton link................... 175
Skinner pressure-plate valve. .. ... 86
“Universal Unaflow”’ engine. .216
Sleeve valves. . ............... 51, 53
“Slip” ..o 165, 174
Slipjoint....................... 207
Slotted eccentrics. ... ........... 147

Speed of Corliss engines,
110, 113, 120, 141
Splash lubrication for steam en-

gines. . ........... ... ... 135
Springs, adjusting for governors,
126, 133
Stationary link................. 175
piston..................... 113
Steam admission, reciprocating en-
gine............ 8, 12, 38, 211

admission, steam turbine,
221, 235, 244

Steam chest illustrated........... 2
Steamlap...................... 4
lap formula, Pfeiffer’s........ 16
Steam port opening. .. ...... 7,17, 18
port width................ 7, 18
velocities. . ........... 8, 20, 113

velocities, actual and average.. 19

Steam - actuated valve  gear,
Curtis. .......coovvevnon. 223

Steam-operated valve gear, West-
inghouse. .................... 242
Steering-gear engines. . ... ... 206-211
Stephenson valve gear. . .161, 167, 176
Stevens valvegear.............. 194
“Straight-Line”’ governor . ....... 151
valve........... 84

251

PAGE
Straight-slot eccentric,
147, 153, 158, 159, 197

Sulzer valvegear................ 199
Superheated steam, effect of, on
valvegears............... -....145
Swinging eccentrics. ... .. ... 147, 152
Synchronizing device, Curtis steam
turbine....:................. 220
T
Tangential accelerating governor... 71
Template, link. ................. 169
Throttling governors. . .......... 158
Throw of eccentric.............. 11
Toe-and-wiper cams. . ........... 66
Toggle-joint action.............. 105
Trick valve..................... 37
Trip gear, Curtis emergency. . .... 231

mechanism, Corliss,
69, 108, 111, 137
Tumbling shaft, location of....... 172
Turbine valve gears, steam. . . 220-246 .

U
Under, running. .............. 3, 146
Uniflow steam engine. . ..... 1211-219
v

Vacuum dashpot. . .............. 113
Valve, Allen................. 37, 40
Atlas. ..................... 107
Ball....................... 85
Buckeye, flat and round.. . ... 103
butterfly................... 52

combined throttle and emer-
BeNCY. .. ..oitiiiee 229
Corliss............ 107, 120, 143
Corliss balanced exhaust...... 144
D-oo 7, 23, 33, 50
double-ported............... 92
double-seat poppet. . 195-200, 227
flat....... ...l 51
Gonzenbach............ .. .. 89
gridiron. ................... 104
“Jack Wilson” high pressure.. 86
locomotive balanced. . ....... 39



252

PAGE

Valve pilot................ 226, 237
piston................... 51,73
piston, adjustable...... ... 77, 78

piston, American semi-plug. .. 79
piston, Baldwin locomotive. .. 81

piston, double-ported. . .. .. 77,78
piston, Fitchburg........ ... 78
piston, “Ideal”............. 76
Polonceau.................. 91
poppet..................... 52
poppet telescope............ 217
Skinner pressure-plate........ 86
“Straight-line”.......... ... 84
Wheelock.................. 106
Valves, auxiliary, cut-off, riding.88-106
cylindricalend. ............. 51
cylindrical surface........... 51
for reciprocating steam engines. 73
friction of sliding............ 50
lifting. .................... 52
pressure-plate............. 82-87
reciprocating............... 51
rocking or rotating. ...... 51,106
sleeve...................... 51
Valve diagram, Bilgram.......... 42
ellipse................. 45
Reuleaux............... 4
sinusoidal. ............. 48
Zeuner............ 9, 11,23
Valve forms, fundamental. . . ..... 50
Valve in main piston of engine. . ..219
Valve liner or sleeve. . ...... 74, 76, 80
Valve motion diagram, Nordberg. . 142
Valveseat layout............... 25
Valve travel as affected by rocker
- o 1 P 31
Valve travel, half. . .. ... ....... 7
Valve gear, Allen................ 179
Ames-Stumpf ““Una-
Flow”............... 212
Baker................. 192
Corliss. .. .. 107-133, 137-145
Curtis hydraulic.. ....... 220
Curtis mechanical. .. ... . 230
Curtis steam-actuated. . . .223
definitionof............ 1

De Laval steam turbine. . 244
equivalent to eccentric. . .162
Fink................... 180

INDEX TO VOLUME I

PAGE
Valve gear, floating or self-center-

ing.............. 202, 205
Gooch................. 179
Hackworth............. 186
Hewes & Phillips. . ...... 107
Joy. oo 190
Lentz.................. 197
Marshall. . ............. 188
Marshall, J. T.......... 182
Nordberg.............. 137
Porter-Allen. . .......... 181
positivecam. ........... 144
radial.................. 186
Rice & Sargent......... 121

Skinner ‘“Universal Una-
flow”................ 216
Stephenson. ............ 161
Stevens................ 194
Sulzer................ 199
vibrating ... . ........ .. 240
Walschaert............. 183

Westinghouse ‘‘ Direct” . .235
Westinghouse hydraulic or

oil-relay.............. 237
Westinghouse single-act-

ing.................. 134
Westinghouse steam-

operated............. 242

Valve gears, fundamental. .. ... ... 55

practical steam engine,

161-211

steam turbine. .. .. .. 220-246

steering engine. . . . .. 206-211

Valve gear dead points. ... ... 118, 143

Valve gear models in engine design.174
Valve gear setting for reciprocating

engines.................... ..131
Valve gear setting for steam tur-

bines........................ 241
Vauclain locomotive valve........ 81
Velocity of steam. ........ 18-20, 113
Vibratingrod. .................. 61
Virtual eccentric............ 162, 176

w

Walschaert valve gear........... 183

Westinghouse “Junior”’ engine. . ..134
“Standard” engine. ......... 135



INDEX TO VOLUME I

PAGE
Westinghouse steam-engme gov-
€rnor. e ..152
steam turbmes .......... 234—244
Width of cut-off blocks in Meyer
valve. ................... 101
of exhaust port .. ... ...... 7, 26
ofport... .. ......... 7,18
of port opening. .. ....... .7, 18
Williamson steering gear.......... 208
Wristplate. . .. ............. 107, 120

Wristplatecam. .. .............. 78

253

PAGE
Z
Zeunercircle. .................. 10
Zeuner circles changed by rocker
ATIMS. . v 33
circles in different quadrants.. 14
diagram............... 9,11, 23
diagram for cut-off valves..90, 101
diagram for double admission. 38
diagram for Meyer or riding
valve. ............... ..., 98








