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PREFACE.

IN the effort to attain the objects set forth in the preface to
Vol. 1., the share of the present volume is chiefly ‘‘to give a broad
description of constructive practice and to explain fully the work-
ing of the machine in its several departments.” The steam-turbine
is included, but with a much less extensive treatment than is given
to the pressure-engine. A proposed chapter on accessories has been
replaced by one on steam-engine performance, in which the results
from a large number of the best and most reliable tests of engines
and turbines are tabulated and discussed. The aim is to cover
broadly and thoroughly the engine as a machine and as a member
of the power-plant, but not to take up other phases of the subject
of power-plant engineering.

The collection of photographic illustrations in the introductory
section, largely from builders’ catalogues, is intended to give a
comprehensive knowledge of the general form of the engine, in a
shape always convenient for reference. But in the description of
constructive detail line-drawings are used almost exclusively:
nearly all of them have been made expressly for this book, thus
affording great freedom in the selection of examples, while facilitat-
ing adaptation to the space available, and permitting especial
emphasis to be laid upon the essential point in the particular
connection.

In the illustration of each department—of main engine and of
subsidiary mechanism—the idea has been to choose typical exam-
ples, which will show various ways of meeting the problem pre-
sented. Where there is much complexity, the first case is very
fully described; thereafter only the salient features are touched
upon. Most of ‘the detail sectional views are cross-hatched for

material, according to the conventions in Fig. 199.
i
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PREFACE. v

of a careful selection from the great mass of information along this
line contained in the technical literature of the last thirty years.
More than two hundred tests are gathered into the principal tables,
representing over half as many individual engines and turbines.
Comparisons showing the effect of changes in the governing condi-
tions have been warmly welcomed; but series runs, with the load
as chief variable, are left for graphical representation, by a number
of sets of performance-curves. Besides setting forth the essential
observations and results, the tables give the thermal quantities in-
volved, so that all the machines are first brought to a common basis
of actual or absolute thermodynamic efficiency, and are then com-
pared with the ideal case of the Rankine Cycle. On account of the
great variety in character and fullness of the data, engine-efficiency
rather than plant-efficiency has been given and emphasized. Lack
of space has excluded many secondary data which would be of
considerable interest, but are not of the first importance. The pur-
pose has been to concentrate information which is otherwise widely
scattered, presenting the more important facts and relations, and
giving to the student and engineer a comprehensive knowledge of
what has been done, upon which to base judgment of present per-
formance and expectation for the future.

It has not been thought desirable to burden the text with refer-
ences showing the source of every illustration. Many drawings
have been made from makers’ prints and advertising literature; the
majority, perhaps, have been redrawn from engineering periodicals,
usually with the selection of only the part desired; a few have been
copied from other books, notably Leist’s Steuerungen fiir Dampf-
maschinen and Stodola’s Steam Turbines, Third Edition (Ger-
man); while half a dozen line-drawings from catalogues have been
transferred directly. As to periodicals, Engineering, Power, The
American Engineer and Railroad Journal, and Marine Engineering
have been freely drawn upon for material.

R.C. H. H.-
Sourm BrrHLEBEM, PA., March, 1907,
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CHAPTER VIIL
FORM AND CONSTRUCTION OF THE ENGINE.

§ 41. Classification and General Form.

(a) PrimMary Divisions INTO CLassEs.—Elaborating somewhat
the classification already set forth in § 4, and still looking at the
subject from the side of adaptation to different conditions of ser-
vice, the most obvious and useful division—remembering that no
hard and fast lines can be drawn—seems to be as follows:

1. Stationary Engines for the Generation of Power. In every .
case, the engine has a rotary load, or the power is delivered through
the shaft. This power may either be transmitted mechanically or
be first changed into electric current.

2. Directlly Loaded Stationary Engines. The working machine,
other than an electric generator, is closely and intimately con-
nected with the engine. Power may be delivered through the
shaft, as in a mine-hoist or a rolling-mill; or through the piston-
rod, as in steam-pumps and air-compressors. For -direct connec-
tion to the electric generator, so little change from the simple
belted arrangement is required that it seems better to include
engines for that service under the first heading.

3. The Locomotive. With many variations in detail, this con-
forms closely to one prevailing general type.

4. Marine Engines. These, if limited to modern designs for
driving screw-propellers, differ little in essential form. Going back
to earlier practice, and including the less important class of paddle-
wheel steamers, we encounter a wide varicty in type, and some very
peculiar forms.

5. Miscellaneous. A class with this title is needed for the minor
special types, for good designs that have been superseded in the
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§ 41 (0] STATIONARY ENGINES. 3

course of evolution, and for some peculiar designs which just escape
being freaks. . _

It will be noted that only the piston-engine is covered by this
classification. .

(b) StaTioNaRY ENGINES.—The greater number of the exam-
ples here illustrated by photographic views are taken from this
widely extensive field. Subclasses which suggest themselves are:

1. The High-speed Engine, characterized by high rotative speed,
not carried to very large sizes, and especially adapted to running
electric generators.

2. The Corliss Type, developed as the standard factory engine,
and’in its smaller sizes used mostly for driving machinery. Many
engines besides those following the Corliss design have the same
fundamental characteristics.

3. The Power-house Engine, for direct connection to large gen-
erators. There has been, along parallel lines, an enlarging and
speeding up of the Corliss engine, and a development of the high-
speed type to large sizes, with the adoption of some ideas from
marine practice.

(¢) EvoLurion oF THE HiGH-sPEED ENGINE.—This is very well
shown by the group of engines in Fig. 200. In I., the form of the
bed-plate is the first noticeable feature: it is a plain rectangular
cast-iron frame, with the cylinder, the guide-bars, and the main
bearing bolted to it. Evidently modelled on the wooden frame-
work which preceded it in the crudest construction, it might, in
many designs contemporary with this, have served almost equally
well for the bed-plate of a lathe. '

In this engine, the cylinder has brackets cast on the sides of it,
which rest upon the bed-plate: and the steam-forces are resisted,
if moderate by the friction due to the grip of the bolts, if severe
by shearing stress in the bolts. Except in the locomotive, an end-
connection between cylinder and frame is now used; it is more
directly in the line of force and is easier to fit truly; while simple
tension in the bolts is decidedly preferable to pin-action.

At II. we see a long step forward in the direction of adapting
the engine-bed to the particular functions which it has to perform—
namely, to carrying the cylinder, the cross-head guides, and the
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§ 41 @) THE HIGH-SPEED ENGINE. 5

shaft-bearing, and to resisting the working-forces in the machine.
But the engine still has the plain slide-valve, and is governed by
throttling the steam. Note that in both II. and I. the valve is
driven by a return-crank, from the main crank-pin, instead of by
the more usual eccentric on the shaft, behind the main bearing.

The engines at III. and IV. show fully developed types: III.
has what is known as the Tangye bed, from the builders, an English
firm, who introduced it. Near to the cylinder, the bed is given a
cylindrical form; then it is cut away by a curved intersecting sur-
face, so as to sweep down in graceful lines on each side of the
guide-bars. IV. differs from III. chiefly in the form of the bed
at the guides; in effect this is a part of the Tangye bed turned on
its side, and a different type of cross-head becomes necessary. In
both cases, the main bearing is, of course, a part of the frame-
casting.

(d) ExciNes wiTH THE TANGYE BED.—One good example of
this style of design has been fully illustrated in Figs. 2 to 7; another
is given in Fig. 201, and is further shown in detail by Figs. 237
and 251. In both engines, the sides of the bed are kept well above
the horizontal plane through the cylinder-axis, so as to have a good
part of the metal in the line of the principal working-forces. The
moving parts are covered in by suitable oil-guards, to prevent the
throwing of oil. In the Ames engine, Figs. 2 and 5, the method of
lubrieation by separate oil-cups is used. On the engine in Fig. 201

“there is an oil-pump, driven by the rocker-arm and partly appear-
ing in the photograph;” from this pump, pipes run to all the bear-
ings, with a sight-feed drip, adjustable as to rate of flow, at each
one. On Fig. 202 is seen the gravity system, consisting of a central
reservoir and pipes to all the bearings, with the sight-drips right
under the oil-tank where they can be most easily watched.

In viewing this vertical compound engine, Fig. 202, we are now
concerned chiefly with the general, external form, leaving mechan-
ical detail and steam-action to be taken up later. Beginning at
the bottom of the framework, the first part is the sub-base, which
carries both engine and dynamo: then, for the engine proper, we
have the bed-plate with the bearings, the cast-iron upright or hous-
ing at the back, and the steel braces or stanchions in front. The
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Fra. 202.--The Reeves Vertical Compound Engine.
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§ 11 (¢)] THE HIGH-SPEED ENGINE. 9

frame follows closely the Tangye outline near the cylinder; but
at the shaft-bearings there must be a radical difference in form
between vertical and horizontal engines. Like most stationary ver-
tical engines, this differs from the marine type in that the frame is
complete in itself, with a full seating upon which the cylinder rests:
whereas in marine engines the cylinder is a part of the frame, the

Fia. 265.—An Enclosed Center-crank Engine.

front and the back housings or columns being bolted to it, and not
usually otherwise connected to each other at the top. This com-
pound engine is of the direct-expansion type (see § 22 (c)), having
its cranks opposite. When ready for running, the working-parts
are fully enclosed by oil-guards of sheet-metal.

(¢) EncINEs wiTH ENCLOSED GUIDES.—Another typical form
of engine-frame is shown in Fig. 203. Here the guiding-surfaces
for the cross-head are parts of a cylindrical surface, so that they
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§ 41 (o] THE HIGH-SPEED ENGINE. 1

can be bored out when the cylinder-seating is faced, thus insuring
true alignment. This gives the frame a cylindrical form at the
guides, and the latter are completely enclosed, except where open-
ings are made at the sides for access to the moving parts. From
one side of the guide-barrel, the frame is carried forward to the
main bearing; and its outline, viewed from above, suggests the
name ‘“‘bayonet-frame’’ sometimes given to the type—more espe-
cially when it is used for long-stroke engines, not so compact as
this one. In front of the guides and around the crank-disk is
formed a casing of sheet-metal to catch oil, this engine having a
gravity oil-system, but-with the central oil-tank usually placed in
some less conspicuous position than just above the engine. The
sub-base is of concrete, rising from the main foundation: and the
support under the cylinder is a rather unusual feature in a simple
high-speed engine.

In Fig. 205 is shown an engine in which the idea of completely
enclosing the moving parts is very fully carried out. The frame is
box-shaped at the guides, then widens and forks to the bearings,
with a separate crank-case tightly covering the crank-disks. The
builders of this engine were the pioneers in the use of splash-lubri-
cation, illustrated by Fig. 204, and now used in many other designs.
Oil from the reservoir under the crank is continually thrown about
the enclosed space: *the guides are lubricated directly and very
copiously; for the shaft-bearings, oil is caught in narrow troughs
on the sides of the crank-case, from which it flows in steady streams;
escaping from the inner ends of the bearings, the oil gets into
recesses formed around the shaft on the outer faces of the disks,
and is carried by centrifugal foree to the surface of the crank-pin,
through diagonal holes drilled as shown by the dotted lines on
Fig. 5; oil for the wrist-pin is caught in grooves on the top of the
cross-head—though in some recent designs a more positive feed is
secured by putting the wrist-pin on the same system that supplies
the main bearings. By this method arapid circulation of oil is
secured, with full supply to all the bearings, and with a minimum
amount of attention.

Fig. 206 shows two views of another design where the same lines
of construction and operation are followed, but in a side-crank
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14 FORM AND CONSTRUCTION OF THE ENGINE. [Cu. VIIL

arrangement. For this make of engine a tandem compound is
chosen as representative. differing from the simple engine only at
the eylinders. [Under these. of course, a support is necessary; and
it & placed beneath the connecting-piece which joins them. Other
featiures to he noted at this point are. the construction of the crank-
ease. of sheet-metal. the steam-piping between the cylinders, the
use of piston-valves (as also in Fig. 205), and the form of the base
for <he generator.

[ THE WESTINGHOUSE SINGLE-ACTING ENCLOSED ENGINE,
iinstrated in Figs. 207 and 208, and in Fig. 255, has a number of
featires in which it differs from the conventional type. Most strik-
ing is -he ‘rink piston. which algo serves as cross-head, in a manner
more cleariv shown by Fig. 235. In the simple engine of this type
there are two pistons of equal size; here the low-pressure piston
¥ made with two diameters. in order that there shall not be a vari-
ation in the volime of the enclosed space about the working parts.
The tr:ok piston ean. of course, receive steam-pressure at one side
oriv. although engines have been built—in early marine practice—
with a doubie-acting piston like that in the low-pressure cylinder
of this engine. Here the annular space around the low-pressure
trunk forms a cushion-chamber, in which a confined body of air
alternately expands and is compressed, with some effect upon the
force-action in the muachine.

This form of the engine-mechanism has the advantage that it
shortens up the machine considerably: and with the trunk piston,
as with the outside-packed plunger in a pump, leakage is bound to
make itself immediately evident.  The cranks are necessarily op-
posite, whether the engine is simple or compound; for with any
other angle than 1807, there would be a time in the revolution when
both pistons would be rising or both descending; and this, in a
single-acting engine. would be worse than a dead-center. In regard
to work-performance. the two pistons of this engine are equivalent
to the single piston of the double-acting engine.

Referring to § 40 (1), we see that this machine is practically
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The crank-chamber is filled with water to a height such that the
crank-pin is about half immersed when in its lowest position, and
on this water floats a half-inch layer of thick black oil. When the
engine is running, an emulsion of oil and water is continually
churned and splashed about, so as to lubricate thoroughly the pins
and the piston-slide.

(9) CHARACTERISTICS OF THE H1GH-sPEED TYPE.—With the pre-
ceding example in view, the cogency of the following statements
can be fully appreciated:

The high-speed engine has a short stroke relative to the diam-
eter of its cylinder, which determines that the whole machine shall
be short and compact. The framework is usually a single casting,
of rather complicated form; and the machine in general is very
much of the “self-contained’’ type.

With the short stroke goes a high rotative speed, or a high fre-
quency of stroke, in order that a good mean speed of the piston may
be maintained. The latter, usually expressed in feet travelled per
minute, is a primary factor in the piston-displacement, upon which
depends the power developed by the engine. While in no sense a
drawback when the engine is to be used for such work as driving
shafting, this high speed of rotation adapts it especially to the
direct driving of electric generators of moderate diameter. A dis-
cussion of engine-speed will be found in Art. (u).

All the engines thus far shown have slide-valves, of either the
flat or the piston form; and these are driven and controlled by
shaft-governors, which regulate the steam-distribution so as to
accommodate the power of the engine to its load. In every case,
the valve remains always under the control of the eccentric, or the
valve-gear is positive: except as they act upon the governor so as
to change the position of the center of the eccentric, the forees in
the valve-gear do not affect the movement of the valve, unless they
be strong enough to cause elastic change of shape or other disturb-
ance in the parts of the mechanism.

To recapitulate, the high-speed engine is characterized by a
short stroke and compact construction, by high rotative speed, and
by a positive valve-gear, usually with automatic regulation.

The older and cruder type of engine with fixed eccentric and
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§41 (b)) THE CORLISS ENGINE. 19

throttling governor would generally fall into the class under dis-
cussion; from the points of view of form and valve-gear, if not
always of running speed.

To present the exception which every rule requires, it may be
remarked that one of the pioneer designs of the fast-running engine,
the Porter-Allen, has cylinder proportions similar to those found in
engines of the Corliss type; that is, the stroke bears a high ratio to
the diameter.

(h) SimpLE Coruiss EnGINES.—In Figs. 209 to 213 is given a
series of examples of Corliss engines, showing the important varia-
tions in form. As to the cylinder, of which sections will be found °
in Figs. 261, 268, etc., it has usually a rectangular external shape,
when the lagging or covering is in place. It is strongly supported
by the foundation, resting upon two feet at the ends as in Figs.
209 and 210, or upon a spreading base-plate as in Fig. 213, or with
everything inside the sheathing as in Figs. 211 and 212. There are
separate valves, of the oscillating plug type, at the four * corners”
of the cylinder, those at the top for admission, the others for ex-
haust; with a rather complex-looking valve-gear at the back to
operate them.

Of this valve-gear the “releasing’’ action is an essential feature.
The steam-valves are under the control of the eccentric during only
a small part of the revolution, while they are being opened; at a
point determined by the governor, the valve is released or un-
hooked; and is then promptly closed by the vacuum-cylinder or
dash-pot, remaining at rest until the time for a new admission.

These engines are run at moderate speeds—in the great majority
of cases from 80 to 100 R.P.M.—and therefore have a long stroke,
which lengthens out the whole machine. The girder-frame, shown
in Figs. 209 and 210, has long been the standard form for Corliss
engines: its general shape is clear from the illustrations, I'ig. 210
showing the flanged stiffening-rib formed on the back of the cast-
ing. In this example, representing the older type of design, girder-
frame and main-bearing pedestal are separate pieces, bolted together;
in the heavier construction of Fig. 209, they are cast in one piece.

For heavy duty—that is, for higher speed and higher steam-
pressure, with heavier construction—most builders change to the



20 FORM AND CONSTRUCTiON OF THE ENGINE. ((m.




21

THE CORLISS ENGINE.

§41 ()]

‘8740 \p UOI] AviInjg

-omSug sstaoQ jo odL L, ., [w-Suion ,,- eIe O



22 FORM AND CONSTRUCTION OF THE ENGINE. [CE




§ 41 ()] THE CORLISS TYPE OF ENGINE. . 23

form of frame shown in Figs. 211 and 212. The guides are cylin-
drical, the guide-barrel forming a separate piece; this is usually
supported like a bridge, between the cylinder and the main frame,
as in Fig. 211, but sometimes has its own base extending to the
foundation, as in Fig. 212. In any case, the main frame is of the
Tangye form, with broad base, surrounding the “crank-pit.” It
will be noted that the Cooper engine is provided with an oil-guard
very similar to that on Fig. 203.

Fig. 213 is representative of the most recent heavy-duty de-
signs, the frame being all in one piece, and having a spreading base
to rest upon the foundation. With stiffening by judiciously placed
internal ribs, this makes a very strong and rigid casting, and a
frame which will not deflect under any force that can properly
come upon it. This self-contained type of construction facilitates
the securing and the maintaining of the perfect alignment which
is essential to smooth and easy running.

(!) Toe Coruiss Type.—The characteristics of this type of
engine are, a long stroke, low speed of reciprocation, a drawn-out
and open form, separate valves, and a releasing valve-gear. As
already stated, engines of other designs also have these same fea-
tures; but it seems fair to take the most prominent member of the
class, the Corliss, as the type of all.

Next in importance is the Wheelock Engine, of which an exam-
ple is given in Fig. 214. There are still four valves, but the two
for each end of the cylinder are grouped together and placed at
the bottom. This leads to a cylinder quite different in external
appearance from that of a Corliss engine. The valve-gear too is
radically different in form (though not in effect), consisting of a
side-shaft along the back of the engine, which turns with the main
shaft and carries an eccentric for each valve. The form and ar-
rangement of the valves can be seen in Fig. 266; they are of
the gridiron type, with flat face and a short reciprocating move-
ment. A description of the valve-gear will be found in the next
chapter.

Very common in Europe, though rare in American practice, is
the engine with lift- or poppet-valves—or, as they are called when
the valve-gear is of the releasing type, drop-valves. The cylinder



24 FORM AND CONSTRUCTION OF THE ENGINE., [Ce VIIL

of one of these engines is quite fully illustrated in Fig. 267; the
valves are located as in a Corliss engine, and the primary part of the
valve-gear i8 like that of the Wheelock engine, in that there is a
light shaft along the back of the engine, driven from the main
shaft by mitre-gears, and carrying an eccentric for each valve.
The valve-gear proper, at the cvlinder, is illustrated in § 59.

() ComposiTE Types.—This title seems best to cover the class
of engines represented by Fig. 215. This has Corliss valves and
the peculiar valve-movement of the Corliss gear, but the releasing

-

Fic. 215.—Flemiog Four-valve Engine. Harrisburg F. & M Co.

feature is omitted: instead, the eccentric-center is shifted by a
shaft-governor, as in the ordinary high-speed type—and these en-
gines are intended to run at high speeds. Distinctions thus based
upon the form and action of the valve-gear can be much better
understood after a perusal of the next chapter; but it will not be
amiss to remark here that an essential feature of the Corliss valve-
gear is a marked distortion of the movement of the valve from the
simple harmonic motion that is produced by the eccentric; and
this effect is now introduced into a number of positive valve-gears,
the engines shown in Figs. 216 and 218 being further examples.
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F16. 217, - Vertical Cross-compound Buckeye Engine.
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(k) LARGE StTaTIONARY ENGINES, especially for power-house
service, are well represented by Figs. 216 to 219. The first exam-
ple shows the horizontal, cross-compound type, which has its
cylinders side by side and the cranks at right-angles. Structurally,
an engine of the type here shown usually consists of two self-con-
tained machines, resting on the same foundation, and joined me-
chanically by the shaft. These elements may form the two parts
of a compound engine, as in this case: or each may be a complete
tandem-compound engine, making four cylinders in all: or, with
more complex steam connections and a proper gradation in diam-
eter of cylinders, the engine may be triple- or quadruple-expansion.
To get four cylinders in a triple engine, two equal low-pressure
cylinders are used, one on each side. Small horizontal, high-speed,
cross-compound engines have usually the compact construction
typified by Fig. 202.

In Fig. 216, the engine has an inside crank on the high-pressure
side, with a coupling on the outer end of the shaft, for connection
to a line-shaft or a generator: but usually, in direct-connected
units, the generator is put on the middle part of the shaft, beside
the fly-wheel, as in the vertical engine shown at Fig. 218. This
engine has a positive valve-gear of special form—see § 58—with
the cut-off controlled by a shaft-governor. The majority of large
power-plant engines are, however, of the Corliss type.

High-grade vertical engines are shown in I'igs. 217 and 218. As
to the form and arrangement of the cylinders, nothing need be said,
except to call attention to the steam-connections: in both cases,
the receiver is a long cylinder back of the frame, large enough to
contain a re-heating steam-coil. The frames are simple housings of
graceful outline, made in two or more pieces, and completely en-
closing the working parts. The bed-plates are necessarily inde-
pendent of each other, to leave room for the wheel, and usually for
the generator, between them. The idea of a combination of me-
chanically complete elements, united into one structure chiefly by
the foundation, is strongly exemplified in the general arrangement
of both these engines—in which they differ markedly from the com-
pact and self-united marine engine, as illustrated in Figs. 232 to
235, which has not a heavy and rigid foundation whereon to rest.
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Fig. 217 is shown as an engine alone, without its load. It could
drive two generators, one coupled to each end of the shaft; or, by
separating the halves, room can be made for a larger generator in
the middle. It must be understood that when engines get above
a certain limit of size, say from 600 to 800 H.P., there is not the
same standardization in designs that is usual in the smaller sizes:

Fic. 219.—Reynolds Horizontal-Vertical Duplex Compound Engine, ¢ Man-
hattan Type.” Allis-Chalmers Company. Cylinders 44” and 3/ by 60”;
R P.M. 73; 8000 H.P. :

it is necessary rather to modify and adapt general designs to par-
ticular conditions, though with the least possible variation in the
detail of the parts.

A special design for large generator units, which is coming into
increasing prominence, is shown in Fig. 219. It is a duplex com-
pound engine, each half the combination of a horizontal high-
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pressure engine with a vertical low-pressure, with the two connect-
ing-rods working on one crank: by setting the two cranks at an
angle of 135°, a very uniform turning-moment is secured; and the
rotor of the generator, here the field, is the only fly-wheel required.
The horizontal frame is like that in Fig. 212; the vertical housing
is best described, perhaps, by naming it the “tree-trunk” type.
Details of the low-pressure cylinder, with the valves in the heads,
are given in Fig. 268. The re-heating receiver, above the hori-
zontal engine, and the large exhaust-pipe beyond the housing, fill
out the lines of the vertical engine.

() HorstinGg aND RoLLiNG-MILL ENGINES.—Coming now to the
arrangements in which the engine is directly connected to the work-
ing machine, we have first the two cases of a rotary load exempli-
fied in Figs. 220 and 221, both engines being of the duplex-simple,
reversing type. Small hoisting-engines are usually of the semi-
portable form, mounted on a bed-plate with a vertical boiler. Fig.
220 shows-a very simple form of the large mine-hoist, the design-
ing of which is always a special problem for the engineer; the com-
plete apparatus for this service showing a wide variety in form and
arrangement. In some cases, with deep shafts and almost con-
tinuous operation of the hoist, and where fuel is expensive, com-
pound engines are used: but where there are frequent stops and
starts, with periods of rest, the economy of the compound has no
chance to develop itself and overbalance the mechanical disadvan-
tage of sluggishness in responding to the throttle-valve. The en-
gine here illustrated is called direct-acting because the drum is
placed directly on the engine-shaft, without gearing. The valves
are of modified Corliss form, positively driven by a link-motion
valve-gear. The engine is hand-controlled: one of the levers shown
is for reversing, the other for working the brake; and the throttle-
valve is of the quick-opening type, operated by a lever.

The rolling-mill engine in Fig. 221 is of the kind that reverses
between the rolls, or that drives a two-
ished from the continually running en-

In either mode of running, the engine
severe force-actions, and must be made
The reversing-engine has no fly-wheel,
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necessarily, and is always of the duplex, single-expansion type. It
is hand-controlled, with a special apparatus for quickly moving
the heavy reversing-gear, shown in Chapter X. It will be noted
that the bed-plate of this engine has a different shape at the two
sides, since one element is of the center-crank, the other of the side-
crank, form. The largest piece of the frame, on the center-crank
side, weighs about 84 tons, and the whole engine about 500 tons.

(m) AIR-COMPRESSORS AND BLOWING-ENGINEs.—The distinction
between these two classes of machines is based on service and air-
pressure produced, with resulting great differences in form. ‘“Com-
pressed air” is used chiefly for driving rock-drills and the other
machines employed in mining and quarrying, and for small tools
and portable machines in workshops. For all this line of service,
the pressure is usually from 60 to 100 lbs. per square inch; but
there are other cases where very high pressures are required, run-
ning up to several thousands of pounds per square inch. The
function of the air-compressor is, then, to deliver a relatively small
volume of air at a high discharge-pressure. The blowing-engine,
on the other hand, must deliver very large volumes of air, but with
a low ratio of compression; in blast-furnace work the pressure is
usually somewhere between 15 and 30 lbs. per square inch (above
atmosphere, of course), and the compression-ratio is from 2 to 3.

A single air-compressor, the simpler and more compact form of
the machine, is shown in Fig. 222. The steam-cylinder is between
the cross-head and the shaft, so that the engine proper has what
is called the “return connecting-rod” arrangement, which makes
it very short. The valve-chest is on top of the cylinder; and the
running of the machine is controlled by a compound governor,
which shuts off steam at a certain speed and also when a certain
air-pressure is reached. The compressor-cylinder is simple in ex-
ternal form. Air is drawn in through the hollow extended piston-
rod. and the inlet-valves are in the piston: the discharge-valves are
under the caps in the cylinder-head. Always, the cylinder of a
compressor is surrounded by a water-jacket, to prevent it from
becoming overheated, and there must be a constant circulation of
cooling-water.

A duplex compressor of very simple outline is illustrated in Fig.
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Youngstown, Obio.
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223. Here both steam-cylinders and air-cylinders are duplex, as
well as the general form of the machine; but frequently the steam-
engine is compound and the air-compressor works with two stages,
just the reverse of those of the compound engine. There is then
a cooling receiver, or inter-cooler, between the cylinders, with a
coil or group of pipes through which cold water flows.

For large installations, where economy becomes of greater ab-
solute importance, the engine is given the Corliss valve-gear: and
often the valves of the compressor are moved mechanically, instead
of by the air itself as in the examples shown.

(n) BLOWING-ENGINES are almost always vertical. For mod-
erate capacities, the same cylinder-arrangenient as in the air-com-
pressor at Fig. 222 is usual, with the shaft at the bottom and the
air-cylinder at the top: this is called the long cross-head type.
Another form, the steeple blowing-engine, analogous to Fig. 223 in
general arrangement, is shown in Fig. 224. Up to the air-cylinders
it is just a big cross-compound Corliss engine. The particulars of
this engine are as follows: steam-cylinders 54’ and 102" in diam-
eter, twin blowing-cylinders 108" in diameter, stroke 60’’; rated
steam-pressure, 150 1bs. by gage; air-pressure 18 to 30 lbs.; speed,
controlled by an adjustable fly-ball governor, 25 to 50 R.P.M. A
more recent construction of the same design has the engine cylin-
ders increased to 58” and 110” in diameter, the other leading
dimensions remaining unchanged. The engine can compress 60,000
cu. ft. of free air per minute to 25 Ibs. gage-pressure. Its weight is
about 1,300,000 lbs.

These large, high-pressure blowing-engines have metallic valves
on the air-cylinders, mechanically operated; but the study of these
is outside of the province of this work. The cylinders are not
water-jacketed, so that the compression raises the air to quite a
high temperature—high enough to destroy leather valves such as
were used with lower pressures.

In a third type, the compressor element takes the form of a
complete engine, the air-piston being driven from the crank-shaft
through the usual mechanism of connecting-rod and cross-head:
then steam-engine and air-pump are combined into a machine
which looks much like any duplex vertical engine. The advantage
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of this arrangement is, that by choosing the proper angle bet
the cranks, the two curves of turning-force—of the steam ai
the air—can be made to agree closely throughout the revolt
8o that the machine will run smoothly, even at low speeds.
the maximum driving-force on the engine-crank comes much e
in the half-revolution than does the maximum resistance o
compressor-crank, the former is placed somewhere near eith
degrees behind or 135 degrees ahead of the latter. Sometime
steam-engine is horizontal, the blower vertical: and this arr
ment is usual in machines for compressing ammonia or some
refrigerating medium.

(o) STEAM-PUMPS.—To the type of machine represented by
225 and 226, with only the one main moving piece consisting .
pistons and their rod, the name steam-pump is given. There
mechanism to define the stroke of the piston, determining bc
length and the manner of movement: so that we have here :
of free or purely force-controlled motion, as distinguished fro
mechanically constrained motion of the engine with shaft ar
wheel. The most interesting feature of these direct-acting ¢
pumps is their valve-action. The main mechanism is eleme
in both form and working; but the valve-gear, with its d
8o controlling the steam-distribution that the stroke shall k
certain length, is worthy of study: if the stroke is too short,
will be a waste of steam through excessive clearance-v«
together with loss of pumping capacity; if it is too lon
piston will strike the cylinder-heads. A description of the
and working of several typical valve-arrangements will be
in § 60. -

There are two typical forms of the steam-pump, the
and the duplex. Fig. 225 shows a small single pump, of th
frequently used for boiler-feeding. It would be possible to
a rigging through which the piston, when near the end
stroke, would move the valve into the position proper for th
stroke: but any such direct-driving valve-gear is likely to
act at low speed. Instead, the idea is universally applied c
ing the main piston move a small secondary valve, which e
the supply of steam to a secondary piston that moves the
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valve. In the form of this device there is a very considerable
variety, but the principle is the same all through.

In Fig. 226 is illustrated an example of the duplex pump, more
complicated in that each steam element is a tandem-compound
engine. The valve-gear as here shown is universally in use on
pumps of moderate size, each piston moving the valve for the other
side.

F16. 226.—Single Boiler-feed Steam-pump.

The steam-driven water-pump works against a practically con-
stant resistance in the water-cylinder, and secures an appropri-
ately constant driving force by taking steam for its whole stroke.
This makes it, necessarily, a very inefficient steam-engine. But
when air is pumped, whether in the air-pump for a condenser or
in the small air-compressor used to supply the air-brake system on
a railroad train, there must be a still greater departure from the
normal steam-cycle: because it is now necessary to have an effec-
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FiG. 226.
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tive driving-force which will increase toward the end of the stroke,
and be greatest during the short period when the,compressed air is
being forced out against the discharge-pressure.. Both single and
duplex pumps are used for condenser air-pumps, but the standard
air-brake pump is of the single type. '

(p) PumpiNG-ENGINES.—Different forms of the large water-
works pumping-engine are shown in Figs. 227 to 230. The Holly
engine is of the duplex quarter-crank form, the steam end on each
side being a complete direct-expansion compound engine. The low-
pressure piston-rod extends to the pump-cylinder, and the high-
pressure cross-head is coupled in through a heavy vertical rocking-
lever, as is further shown in skeleton outline on Fig. 236. The
valve-gear is of the Corliss tyvpe, with some special features; and
the cut-off, variable on the high-pressure cylinder, can be adjusted
by hand, or placed under automatic control.

Fig. 228 shows a large pumping-engine of the indeterminate-
stroke type, developed from the steam-pump. The three cylinders
are in line, but while the high and intermediate pistons are on one
rod, the largest piston has two rods, which extend forward on both
sides of the smaller cylinders, and engage the projecting ends of
the cross-head. The valves and gear are of the general Corliss
form, but the releasing feature is omitted: the main wrist-plates
(the circular disks at the middle of each cylinder) are oscillated by
the cross-head on the other side; but the small auxiliary plates
which control the steam-valves receive an additional movement
from the cross-head on their own side. This combination gives
the valve a complicated motion; the difficulties in the way of an
exact determination of this motion being increased by the fact
that there is no closely definite time-relation between the strokes
of the two cross-heads.

The function of the fly-wheel in a pump or air-compressor is
to equalize or average up the driving-forces and the resistance,
throughout the revolution. If the steam is cut off rather early,
the effective steam-pressure will be high at the beginning of each
stroke, and will diminish as the piston advances. To store up the
excess steam-work in the first part of each stroke, and give it back
to make up the deficiency toward the end, a special equalizing de-
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vice is used instead of a fly-wheel on the machine shown in
Fig. 228; this is drawn in outline on Fig. 236, where the working
is explained.

Fig. 229 shows a fine horizontal triple-cxpansion pumping-en-
gine. It has three cranks at angles of 120 degrees, which arrange-
ment not only produces a smooth-running engine, but also causes
the water to be delivered with very little pulsation, or variation
in pressure.  The manner in which the driving-force is transmitted -
from engine to pump, by parallel rods displaced diagonally from
the axis, so as to clear the connecting-rod and crank, is clear from
the photograph. This engine has the regular Corliss valve-gear,
with a fly-ball governor controlling the cut-off in all three cvlinders:
the special wide-range cut-off gear, often used, will be described
in the next chapter. Above the cylinders are placed the two
re-heating reccivers.

The final example, Fig. 230, shows a type of machine very fre-
quently used in plants cf large capacity. One advantage of the
vertical arrangement is, that if the pumping-station is located on
a river liable to great changes in height, the pump-cylinders can

" be placed low enough for effective suction without danger of the
engine being drowned by every flood. There is, of course, always
the point in favor of a vertical engine that the weights of the mov-
ing parts are less likely to cause uneven wear of the sliding sur-
faces: and this matter is of more importance in a pumping-engine
than in lighter and quicker-running machines.

In this pump, the water-cylinders—almost concealed behind the
large air- and valve-chambers—are of the single-acting type; water
is drawn in beneath the plungers as they rise and expelled as they
descend. Besides the general arrangement here shown, another
plan is to bring the main foundations up to the base of the engine
proper, and then suspend the pumps. In this figure, the first
gallery, at the engine-shaft, marks the level of the main floor
of the pump-house. The valve-gear is of a modified Corliss
form, and is driven, not by the main shaft, but by an auxiliary
shaft on the front of the engine; and this is driven by two paral-
lel connecting-rods, at the two ends, with the cranks at right-
angles. ‘
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(9 Tre LocomMotive.—This type of engine (or rather, of com-
plete steam-plant) keeps itself so continually in public view that a
description of its general form would be superfluous. The chief
variations in the major details are found in the wheel-arrangement,
the shape of the boiler-furnace, and the cylinders—the last being
simple or compound. The locomotive illustrated in Fig. 231 is
of the ‘“Atlantic” type as to the wheels, has the wide fire-box
or furnace, and is a simple engine. The picture is given especially
to show the form of the engine proper, and will be convenient
for reference when some of the less evident details are taken up.

(r) MARINE EncGINEs.—The examples given in Figs. 232 to
235 are all of the usual type for driving screw-propellers—what
is called the vertical, inverted, direct-acting engine. In this
_descriptive title a good deal of history is involved: the engine is

“direct-acting” when it turns the propeller-shaft directly, instead
of acting through a walking-beam or other intermediate gearing;
and when an engine was directly applied to turning paddle-wheels,
the cylinder was below, and the shaft above, hence the adjective
“inverted.” From any other point of view, the arrangement
with the shaft-bearings down on the foundations and the cylinders
up in the air seems natural and normal.

The general form of all modern screw-propeller engines is prac-
tically the same. The variations come, first, in the number and
arrangement of cylinders and cranks; next, in the form of the
framework; last, in the disposal of the accessories, the condenser
and its pumps, which are quite often incorporated with the main
engine, but are more frequently independent, at least in the higher
class of engines. '

As to the cylinder-arrangement, a general idea can be got from
these photographs, and one sectional drawing will be found in
Fig. 259. This side of the subject is to be more fully taken
up later, but a brief outline properly finds place at this point.
There are some single-expansion engines yet running in ferry-
boats and river-steamers, and a good many compounds in the
older ships; but the engines now built are either triple- or quad-
ruple-expansion, with from three to six cylinders and usually
three or four cranks. The three-cylinder triple with three cranks
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Vig 243 Engine of Twin-screw Pacific Mail Steamship ¢ Siberia”: four-
crnnk quadruple expansion: eylinders 357, 507, 70’’, 100 X 66"’; each
cngine rated 9000 1P, Built at Newport News in 1901,

(Figs, 230 amed 250, the four-evlinder triple (two equal low-pressure
eviinders Figeo 282 and 235), and the four-erank quadruple
(IFig. 233 are the typical arrangements.  Five-crank engines
hnve heen built; but if the quadruple has to be carried to more
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Fie. 284.—FEngine of Twin-screw U. 8. Battleship ¢ Indiana”; built at
Cramp’s in 1895; three-crank triple-expansion, 344", 48", 75" X 42";
mean speed of engines on official trial, 131 R.P.M.; L.H.P. of two
engines, 9500.

than four cylinders (to keep the L.P. cylinder from becoming
unwieldy), a tandem arrangement is usually adopted. The most
prominent example of this, used on several large steamers, has
two H.P. and two L.P. cylinders, an H.P. on top of each L.P.,
with the first and second intermediates each driving a crank.

In the matter of framework, the four common types of con
struction are illustrated in the examples given. Fig. 232 has
double Y frames, front and back under each cylinder; in Fig. 233
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F1c. 285.—Engine of Twin-screw U. 8. Battleship **Missouri ”’; built at New-
port Newsin 1902; four-crank triple-expansion, 343", 53", 68"-63"" x 48";
cach engine 7800 LILDP. )

there are four cast-steel columns in each section of the frame; in

Fig. 234 the scetion contains a cast-iron Y housing at the back and

two forged-steel columns in front; while Fig. 235 shows the all-

forged frame, the war-ship tvpe. The last has long been the
standard torpedo-boat type: but is now used, in the United States

Navy, for the largest engines built. The structural features of

these various frames will be further discussed in the next section.
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These photographs were all taken, of course, when the engine
was in the erecting-shop, as neither the distance nor the illumi-
nation for a general view is possible on board ship: and thus to get
the eylinders without their non-conducting covering is a decided
advantage. In all four cases, the after end of the engine is in
the foreground, showing the connection for the propeller-shaft-
and in Fig. 232 the first section of this shaft, which carries the
thrust-journal, is shown: this may be considered, and in Fig. 232
actually is, a part of the engine. A secondary apparatus, best
shown in Figs. 232 and 235, is the little turning-engine, which
acts upon the main shaft through two worm-gears. This is used
for turning over the engine when making repairs and when warm-
ing it up before starting: the intermediate gear-shaft is always
so supported that it can be swung out of ““mesh” when the engine
is running.

The valve-gears of these engines, all of the same type, will
be referred to later: a notable feature—in which they do not
fairly represent general practice—is the use of piston-valves on
all the cylinders; and in Figs. 233 and 234 we have examples
of four valves to one large cylinder, each taking its share in con-
trolling the whole steam-distribution.

Pesides the main steam-piping, most fully shown in Figs. 233
and 235, and which includes a number of by-pass connections
from the steam inlet to the different cylinders, there are several
elaborate systems of small pipes about a marine engine. First
comes the drain-piping, to carry off water from all the cylinders
and valve-chests, especially when the engine is standing idle;
this is not visible in any of the engines illustrated; but the hand-
levers for controlling the drain-cocks are shown, all grouped
together near the throttle-valve wheel in Fig. 235, distributed
along the front of the engine in Fig. 233. Next comes the oil-
piping, simple as to its units, but with a great many of them,
as best appears on Fig. 235. Finally, there is an extensive system
of water-piping, whereby cooling-water can be supplied to all
the bearings and to the cross-head guides.

(8) VARIOUS MODIFICATIONS OF THE ENGINE-MECHANISM.—In
Fig. 236 are given skeleton-outlines of various engine-mechanisms,
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Fi6. 286.- Various Forms of the Engine Mechanism.

Tto IN1. Engines with walking-beam; IV, V. The return connecting-rod;
VI. The triangular connecting-rod ; VII. The trunk engine, double-acting;

VIIL. The oscillating engine; IX. The Worthington high-duty attachment
for steam-pumps.
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some of them now in use, others chiefly or wholly of historic in-
terest.

The earliest engines built, for mine-pumps with a heavy pump-
rod running down the shaft, were of the walking-beam type; and
in the application to driving machinery, to common pumps, to
blast-furnace service, and to the turning of paddle-wheels on
- steamers, this type, as outlined at I., was very largely used. A
modified form for marine service is the side-lever engine at II.
In 1. the upper end of the piston-rod is guided by a cross-head,
as i8 now universal practice; in II. a “parallel-motion” of jointed
links is used: this, in various forms, was standard practice in
the early days of steam-engineering.

In connection with this matter of the walking-beam, the mech-
anism of the Holly pumping-engine, Fig. 227, is outlined at
111.; the plan view shows how double connecting-rods are used
from the cross-head to the beam, and how the latter is made
double, so as to give room for the main connecting-rod at the
top and to clear the pump-rod at the bottom: incidentally, the
cylinder arrangement in a triple-expansion engine of this type
is shown. Some designers of pumping-engines have made a very
free use of the oscillating lever in the main mechanism, frequently
giving it a triangular or “bell-crank’” form, and securing the
advantage of a longer stroke and higher piston-speed for the
engine than is allowable for the pump.

The return connecting-rod arrangement, in two forms, is
sketched at 1V. and V. The ‘“‘steeple’”’ engine, IV., belongs to
early marine practice; it is intended rather to get a large cylinder
into a comparatively low space beneath the paddle-shaft than
to shorten up the machine as a whole; and the heavy triangular
frame which carries the piston-rod around and past the connecting-
rod is a bad feature. The simple return-rod engine, used for the
steam end of air-compressors, and also in marine practice when
space is crowded, is skeletonized at V.

The triangular connecting-rod, VI., has been used by several
designers (or inventors): for the description of an unusually
complex engine of this type, see Engineering, 1899, 11., page 580.

Two arrangements by which the engine is greatly shortened
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are next shown; the trunk-engine, VII., combines piston
cross-head in one, as already explained in connection with
207. The oscillating engine, shown at VIII, is a kiner
variation from the common type, its frame corresponding
the connecting-rod in the usual mechanism. Steam is condt
to and from the cylinder through the trunnions upon whi
turns, so that the engine properly belongs to the era of low-pre:
and moderate speed. To transmit the valve-movement fron
shaft to the valves (on the oscillating cylinder) is an intere
problem.

Sketch IX. shows’a special mechanism used on the pum
engine in Fig. 228—the Worthington high-duty attachr
Hydraulic plungers from two oscillating cylinders bear upor
cross-head; in the first part of each stroke these plungen
forced into their cylinders, resisting the movement of the pi
rod; in the latter half, they assist the driving-force. The ¢
ders are in constant communication either with the disch
pipe from the pump, or with a special small accumulator, indir
connected to the force-pipe. These compensating cylinders i
duce a force-action very similar to that of the inertia of the 1
rocating parts in a crank-controlled engine, and perform the
tion of a fly-wheel, by storing up the excess-work of the st
pressure at the start and returning it later, thus making it po:
to use quite a fair ratio of expansion in each cylinder.

(t) THE “ Lavour” oF AN ENGINE.—The general descripti
an engine, besides covering matters of service, position, arr
ment of cylinders and cranks, type of valve-gear, etc., sl
set forth also certain particulars as to the arrangement o
mechanism and the direction of running, according to the fc
ing terms:

Right and Lejt.—It has been the custom to call a horiz
engine ‘‘ right-hand”’ if, when we stand back of the cylindes
face toward the shaft, the wheel is at the right. A decidedly
logical scheme is got by reversing this practice, calling the
opposite the wheel and valve-gear the front of the engine,
going by the right or left position of this front. Then the en
in Figs. 209, 210, 212, 213 are right-hand, and those in Figs.
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206, 211, left-hand; and in a cross-compound engine, as Fig. 216,
this makes the right-side element right-hand, the left-side, left-
hand. In a center-crank engine the distinction is less marked
and of less importance; it is best simply to specify on which side
the governor is placed, and on which side the generator, in a direct-
connected unit.

Over and Under.—A horizontal engine runs over if it makes its

forward stroke—the piston moving toward the shaft—while the
crank traverses the upper part of its circle: in which direction of
running the pressure of the cross-head upon the guides is normally
aownward. The characteristic position of the engine mechanism,
in Fig. 110, belongs then to a right-hand engine, running over,
and with right-hand or clockwise rotation when viewed from the
front. :
In a vertical engine, the front side is properly that toward
which the crank-pin travels when traversing the upper part of its
path. With a symmetrical frame, as in Figs. 217, 218, 232, and 233,
there is little in the structure to mark * front’’ and ‘‘ back’; but
with the type of framework in Figs. 202 and 234, and with the
one-sided slipper type of cross-head, the open side is naturally
the front, and is the one toward which the crank turns over when
the bottom of the cross-head is pressing upon the guide.

If a vertical engine is symmetrically loaded, as with a generator
at each end of the shaft or with one in the middle, no clear dis-
tinction as to right and left rotation can be drawn. With the
marine engine, if we stand back of the engine and face forward,
right-hand rotation corresponds to forward running with a right-
hand screw; and another reason for calling this a right-hand engine
is that its front will be at the right, from the view-point specified.
Then with twin-screws turning outboard (outward at the top),
the starboard (right-side) engine will be right-hand, the port
engine left-hand. Whether it is better to have the screws turn
outboard or inboard is a point upon which marine engineers differ.
with no overwhelming arguments for either arrangement.

(u) SpEED OF ENGINEs.—This is measured in two ways, by
the rotative speed or the revolution per minute, and by the piston-
speed or the distance in feet travelled by the piston in one minute.
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The data in Tables 41 A and 41 B will give a good idea of the usual
range in stationary practice.

TaBLE 41 A. Darta For HioH-sPEED ENGINES.

Stroke. RPM. FPM.
127, . ... 260-300.......... 520 - 600
16”.......... 210-250.......... 560 - 667
20" .. ... 180-210.......... 600 - 680
P 150-180.......... 600 - 720

TaBLE 41 B. Data For ENGINES OF THE CorLiss TYPE.

Stroke. RPM F.P.M.
b 8-125.......... 340 - 500
30" ...l 80-115.......... 400 - 575
36", ......... 80-110.. 480 - 660
42" L 75-100.......... 490 - 700
O 70-90 .......... 560 - 720
60”.......... 60-75 .......... 600 - 750

It is at once apparent that the distinction between the two
classes of engines is found chiefly in the R.P.M. It will be noted
further that the range in piston-speed with any particular stroke
is greater in the second table than in the first; and for the Corliss
engine, much more than for the smaller type, the lower set of limits
represents what has long been usual practice, the upper set stands
for more recent installations.

Accepting for a convenient basis of comparison this usual range
from 500 to 750 ft. per min., as set forth in the tables, a wider
view of practice in this matter will yield the following results:

The lowest speeds are found in steam-pumps like Figs. 225
and 226, which are built with the stroke-length varying from 4"
to 24'7: for 6” and less, the proper number of *‘revolutions” is
usually set at 75, or of single strokes at 150, giving 75 F.P.M.or
less; for 8" and more, the limit of piston-speed is fixed at 100
F.PM. Large, long-stroke pumps without fly-wheel control, like
Fig. 228, have higher piston-speeds, rising to 160 F.P.M. Pumping-
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engines with fly-wneels come next, the piston speed usually lying
between 120 and 250, sometimes rising to 350, and in extreme
cases, with a very long stroke, exceeding 400 F.P.M. The smooth
running of any pump is very much a question of the uniform flow
of the current of water: it is possible to have pulsations set up
which will bring very severe strains upon the body of the pump
and all its working parts. Other things being equal, it would
appear that three pump-cylinders connected by cranks at 120°, as
in Figs. 229 and 230, ought to give the most uniform discharge
possible in any arrangement of the sort, having a slight advantage
over the quarter-crank duplex pump.

As to blowing-engines, we will take the example in Fig. 224,
where the range of control is from 250 to 500 F.P.M., to be typical.
For air-compressors with self-closing valves, as in Figs. 222 and
223, having a stroke from 12" to 30”, the piston-speed ranges
from 320 to 400 or 450. In larger machines with mechanically-
moved valves, the speeds can be much greater, running up to
600 or 700 F.P.M.

In large power-house engines with positive valve-gear, as
typified by Fig. 218, the piston-speed rises to 900 F.P.M.: and
this is about the limit for stationary engines. Where space and
weight are not the most exacting conditions, it will generally pay
better to get a machine which will not have to be worked quite
up to the limit.

In transportation service, both marine and locomotive, the
conditions just named are, however, of primary importance.
Slow freight steamers with low power have piston-speeds from
500 to 700: but in large passenger steamers and in warships at
full speed the pistons travel 900 to 1000 F.P.M: typical cases being,
60"’ stroke by 90 to 100 R.P.M., 72" by 80 R.P.M., for large liners;
and 39”/X160, 42" X145, 48120, for cruisers and battleships.
In torpedo-boat destroyers the piston-speed runs up to 1200 F.P.M.,
18" stroke by 400 R.P.M. being a very common size. The greatest
speeds are formed in the locomotive: in usual working the piston
travels from 500 to 1200 F.P.M., according to the class of service;
but in the very fastest running, with high-speed locomotives of
usual proportions at from 70 to 75 miles per hour, the piston-speed
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rises above 1400 F.PM. Thus the locomotive in Fig. 231 has
made 45 miles in 37 minutes, or 73 miles per hour, hauling its
usual train; with 76" drivers, this gives 323 R.P.M; and with
26’ stroke, the piston-speed is just 1400 ft.

§ 42. The Framework of the Engine.

(a) Tue Compacr, HigH-sPEED TyPE.—The bed of one center-
crank engine is quite fully shown in Figs. 2 to 5; another is given
in Fig. 237; and a third, of the side-crank type, in Fig. 238, which
is supplemented by Fig. 263: with these three examples, the
class is very sufficiently represented. To a large degree, the
drawings are expected to speak for themselves; but it may be well
to call attention to some points of resemblance and of difference
in the designs, so as to suggest the requirements that must be met,
and illustrate the manner in which they are satisfied.

In each case, the engine-bed is to rest upon a cast-iron sub-
base; its bottom outline is therefore given a simple rectangular
shape, except where it swells out under the bearings; this latter
effcet being relatively greater in the side-crank design, where the
main base is narrow.

As to the manner of fastening the cylinder, we have two cases
of inside bolts, one of outside bolts. In these engines, as always,
the agreement of the axis of the cylinder with that of the bed
is determined, not by the bolts, but by a projection on one piece
which fits neatly into a recess in the other—whether the projection
be a shoulder on the evlinder-head as in Fig. 237, or be at the
stuffing-box as in Figs. 3 and 263. In good construction, the bolts
never act as dowel-pins, do not have to be accurately fitted, and
are not subject to shear.

At the guides our three examples show three typical forms,
suited to different types of cross-head. Fig. 237 has four-bar
guides, for a wing cross-head, shown in detail by Fig. 298. Figs. 3
and 4 show a broad flat surface for a slipper cross-head, formed
right on the main casting, with side-bars to keep the cross-head
from lifting. In Fig. 238 the guides are bored, to receive a cross-
head of the block or box type.
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In Figs. 3 and 238 the bottom of the casting forms the lower
_ guide, then slopes toward the crank-space and toward the cylinder-
connection, with, of course, very considerable differences in detail.

Fia. 287.—Bed of 15” by 14” American-Ball Engine, Fig. 201.
Scale 1 to 24.

Fig. 237 shows another shape altogether, the bed being closed at

the bottom by a nearly flat floor. With any stationary engine,

it is highly important that oil from the machine be not allowed

to soak into the foundation; in the type under discussion, whether
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horizontal or vertical, the bed-casting is made so as to catch
contain all oil, even to the extent of adding outside troughs a
Fig. 237 and at the bearing on Fig. 238. With many eng
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Fig. 288.—Bed of 16’ by 16” Fleming Four-valve Engine, Fig. 21t
Scale 1 to 24.

of the more open type, sheet-metal troughs and floor-guards
necessary.

The oil-catching spaces are always provided with drains f
their lowest points. Note in Fig. 3 how an oil-reservoir is for
in the sub-base at the bearing end. Aside from the need of a



§ 42 (0)] FRAMES FOR CORLISS ENGINES. - 63

tition between the main enclosed space and the chamber in front
of the stuffing-box when splash lubrication is used as in Fig. 238,
there is good reason for the same separation with jet-lubrication
as in Fig. 237; because the water dripping from the stuffing-box
ought not to be allowed to mix with the oil from the bearings,
especially when this oil is kept in rapid circulation by an oil-pump.
The form of the guards or shields which enclose the working parts
can be seen upon, or inferred from, the general illustrations.

The remaining part of importance is the bearings. These are
to be considered in detail when the shaft is taken up. For the
present it is enough to remark that the Ames engine has a cast-
iron bushing, all in one piece, and lined with babbitt: the other
two have plainer, solid bearings, with babbitt lining of course;
but we note the typical difference between the arrangement with
a top cap and adjustable quarter-box in Fig. 237, and that where
the bearing is divided almost at right angles to the principal line
of stress, in Fig. 238. In the latter case, adjustment can be made,
if needed, by using liners or shims beneath the cap at the joint,
and removing them when wear must be taken up.

Bosses or seatings for the support of the valve-gear are placed
on the engine-bed as needed, without affecting the general lines of
its design.
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Fi1a. 289.—Various Girder-frames for Corliss Engines. Scale about 1 to 96.

(b) Corriss EnGINE-BEDS.—The older type of open girder-bed
is illustrated in several forms in Fig. 239: I. has the common T-
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bar section, as shown especially at D; that is, it has the fla
stiffening rib, as in Fig. 210; II. is a less usual form, wit!
I-beam cross-section; while in III. the stiffening rib is 1
double back of the guides, or something like a box-girder is 1
used. The relation between the several views of I. is indic
by the cross-lines and arrows; in II. only the cross-sections A
B are given, and these correspond with C and D of I.; in IT
is the front view. We have here one example of V guides,
another in Fig. 240; with bored guides on one of these

girder frames, it is quite usual partly to enclose the guides as in
by running a half-ring from one to the other at the front

[

{4 2

F1a. 240.—An Instance of Evolution: the Bates-Corliss Engine,

An interesting example of development from the older gis
bed to the now prevalent full-base type is given in Fig. 240:
shows the cross-section of the box-girder, which is essentially
same in both designs, and is further brought by II.B: I
perhaps even better than A, shows how the full base is develo
by a simple and harmonious addition to the original design.

Fig. 241 is given with the intention of bringing out very :
the form of the casting, showing all the hollow parts and
form and location of the internal stiffening-ribs. The most i
cate coring work is at the collar around the front end of the gu
where the cross-section C is taken. It is of interest to note
the main web marked W is continuous, and almost straight, |
the main-bearing to the cylinder-seating. The hole back of
guides, at section B—as likewise in Fig. 239 III.—is for the
pose of getting at the inner end of the wrist-pin, when it is t
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removed from the cross-head. A detail of the bearings of this
engine will be found in § 45, at Fig. 320.

(¢) VERTICAL STATIONARY ENGINES.—Only one frame of this
type is illustrated in detail, because so much can be seen by, or
inferred from, the external view, as in Figs. 218, 219, 224, etc.
The fact that the function of carrying the engine is taken by the
bed-plate—the supporting forces acting in the same line as the
working forces—makes the casting simpler than in a horizontal
engine. The example given in Fig. 242 is rather more complex

Fig. 241.—Frame of 26” b 48" Murray-Corliss Engine, Fig. 218.
cale 1 to 60.

than usual, the frame consisting of three pieces, above the bed-
plate. The following description will supplement the drawing:
This engine-frame, of the very usual A-shaped form in its
general outline, is made up of two principal parts, the housing 1
and the guide-barrel 2: further, the housing is here made in two
pieces, bolted together above the crank-arch. The advantage of
this construction is, that one of these halves can be removed,
making it a very easy matter to take out the shaft; the other half
being sufficient to carry the mere weight of the engine, which
is small in comparison with the steam-forces. View CDEF bears
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an important part in showing the detail of the housing, w
GHJK serves a like purpose for the guide-barrel. The la

F16. 242.—Frame of Vertical Cross-compound Buckeye Engine, 22" anc
by 27”: see Fig. 217. Scale1 to 36,

piece is somewhat complicated by the cored-out hollows in
bracing-ribs back of the guides: otherwise it is a simple, strai
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forward casting. The only detail omitted in this drawing is
certain lugs which are formed upon the casting to support the
platforms or galleries seen on Fig. 217.

The bed-plate of this or any other vertical stationary engine
is & comparatively simple piece. It is,-or-should be, always made
with a bottom-web running under the “¢rank-pit, so as to keep
oil and water off the foundation. The photographic views already
given show clearly wherein it differs from the marine-engine
bed-plate, which is now to be further illustrated by drawings.

(d) FraMEs oF MARINE ENGINES.—The first example, Fig. 243,
is from a smaller engine of the same general type as Fig. 235; and
the cylinders of this engine are further illustrated in Figs. 259 and
260. View A takes in only one division of the frame, that which
supports the high-pressure cylinder, and gives also a half-section
of the cylinder; while BB includes a section through the valve-
chamber. The cylinder-arrangement is given in Fig. 259, which
shows how the three cylinders are flanged and bolted together.
In large engines, however, the cylinders are not thus rigidly con-
nected, because their expansion when heated would throw the
stroke-lines out of parallel, and because the cylinders would be
subjected to awkward stresses. Constant distances between the
cylinder-axes are preserved either by longitudinal struts bolted
between the frames at the top, as in Figs. 232 and 233; or by
having tie-rods which take hold of stout lugs on the cylinders,
as in Figs. 234 and 235. The bed-plate, Fig. 243 C, is of cast stcel,
and the section belonging to one cylinder, with its two shaft-
bearings, is cast in one piece.

An interesting example of the frequently used composite frame
—cast housings at the back, steel columns in front—is given in
Fig. 244. The cranks are arranged very nearly as in Case B,
Figs. 183 and 185; and further, in order to diminish the free
turning or tipping moment, the two cylinders at each end are
crowded as close together as possible. This throws two sets of
valves together in the middle, and separates the two end groups
by the full distance needed for these valve-chambers—giving the
layout seen in Fig. 244 C. Each pair of cylinders is supported
by two cast-iron Y columns and three steel columns; of the latter,
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Fia. 243.—Frame of Gunboat Engine, U. 8. Navy; see also Fig. 25

Scale 1 to 24.
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the one in the middle (at the left in A) is heavier than the others,
and is also made taller so as more conveniently to support the
short brackets on the crowded sides of the cylinders. It is here
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Fra. 244. — Frame of Engine for British Battleship ¢ Triumph ”; four-cylinder
triple-expansion, 29", 477, 54" and 54" by 39”. Engineering, 1904, 1., page
90. Scale about 1 to 56.

evidently considered easier to machine the end-flanges oblique to
the shanks of the columns than to plane the seatings exactly at
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a certain angle on the bed-plate and cylinders. Minor

in the way of enlargements upon these front columns, to st

secondary parts of the machine, are in this drawing omiti
O a

o a

fiy

non-essential. As to the l_)ed-plate, each main-bearing fra:
a separate piece; and the use of short distance-pieces mak«
number of joints in the longitudinal connections rather larg
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that this engine must depend, for rigidity, very much upon the
foundation which is built into the framework of the ship. Fig.
244 is, in this respect, not representative of usual practice: much
stronger frames of the same general type are seen in Figs. 234
and 235; while the deep bed-plates in Figs. 232 and 233 are even
more rigid.

Fig. 245 shows the frame of a moderate-sized triple-expansion
engine for a small passenger steamer, the most striking feature
being the incorporation of the condenser-body into the engine-
frame—an arrangement frequently used in the smaller and slower
merchant steamers. This whole frame is of cast iron, except the
single steel front column under each cylinder; and here the main
bed-plate is all in one piece, fastened to the condenser with six
flanged joints. The scale is too small for showing details of the
bearings and of the condenser: on the latter are indicated, how-
ever, the exhaust-inlet at E, the air-pump connection at P, the
water-connections W, W, and several hand-holes marked H. For
the rest, the detail of the casting is quite clearly given by the
sectional views.

(¢) LocomorivE FRAMEWORK.—This type of construction is
sufficiently represented by the example in Fig. 246, which is of
simple form, with no special or peculiar features. The engine-
cylinders are each cast in one piece with half of the saddle 2, as
best seen at C and D; in A the cylinder in the foreground is cut
away, and we see a section of the neck between cylinder and saddle,
with the passages marked, S for live steam, E for exhaust. The
“frames” proper, 3, 4, are forgings made by welding together
heavy wrought-iron bars, though the use of steel castings for
these parts is becoming more and more prevalent. The front
frame 3 is securely holted to the saddle, besides being held by
shoulders upon the bar; and is fastened to the main frame 4 by
a strong splice. Piece 4 contains the ‘ jaws’’ for the axle-boxes,
with panels between them, each jaw being closed at the bottom
by a pedestal-brace of the bolt-and-thimble form. A ‘‘ ten-wheel”
locomotive has three driving-axles; the place for one of these is
cut out in the figure, on account of limitations of space.

Without going into a description of the cross-framing and the
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boiler-support, which are clearly indicated, we have the framework
belonging to the engine proper completed by the guide-yoke 5 and
the guide-bars 6; the latter being carried by the cylinder-head
at their front end, as can be seen also in Figs. 247 and 256. The
small bearing which rests upon the frame just in front of the guide-
yoke is for the rocker-arm, a part of the valve-gear.

§ 43. The Cylinder.

(a) THE CYLINDER OF A SIMPLE LocoMoTIvE of moderate size
is very fully illustrated by the sectional views in Figs. 247 and
248. There are several reasons why this particular type is chosen
for detailed description: its general form is simple, even though
some complication is introduced by the connection to the body
of the saddle-casting; in the main view it is almost entirely clear
of the framework; and especially, as regards the short slide-
valve and the long steam-passages, it is the extreme type in one
direction, with the cylinder having separate valves and short
ports as the other extreme.

The cylinder-body 1 is a continuous shell, except where the
steam-ports 9, 9, cut through it; and around each end there is a
stout flange to which the eylinder-heads 3 and 4 are fastened with
stud-bolts. That part of the inside surface along which the piston
slides is called the “ bore” of the cylinder: at the ends it is counter-
bored a little larger (from §”” to }/ in diameter). This is done
partly to facilitate re-boring when worn, partly in order that the
piston may not wear the rubbing surface to a shoulder at the
end of the stroke—the edge of the packing-ring slightly over-
travelling the end of the bore. The heads, shallower than in any
of the designs which follow, extend into the counterbore, snd
are stiffened with radial ribs on the outside. The back head
carries the stuffing-box—of special form in that it is to contain
metallic packing—and a stout flange for supporting the guide-
bars, as already shown on Fig. 246. The piston is of simple cast-
iron box form, and calls for no comment at this point.

(®) DeraiL oF THE CasTING.—Turning from the cylinder
proper to the valve-chest and steam-passages, and to the portion
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of the casting which joins the cylinder to the saddle, we encow
much more complicated shapes. This rather intricate par
the casting will now be fully described, not only on account o
importance as a type of design, but also because its very comple:

Fiq. 247.—Lengthwise Section of a Locomotive Cylinder, 20” diamet
by 24" stroke. Bcale 1 to 12.

1 to 8. Main Outline of Cylinder.

1. Cylinder body or barrel. 5. Stuffing-box.
2. %ylinder flanges. 6. Piston.
8. Front cylinder-head, 7. Piston-rod.
4. Back cylinder-head. 8. Packing-rings.
9 to 13. Steam-passages.
9. Steam-ports. 11. Valve-seat. 12. Steam-inlet.
10. Exhaust-port. 13. Valve-chest ba

entails some excellent practice in reading drawings and in af
ciating the essential form of a casting which has to fulfil ce
requirements.

The bottom of the steam-chest is a flat, rectangular t:
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through which open the steam-passages; and in the space between
this table and the cylinder-shell are formed the walls of these
passages. The steam-ports 9, 9, and the exhaust-port 10 come
up to the raised valve-seat 11. The steam-pipe, coming down

F16. 248.— Cross-section of Cylinder in Fig. 247.

14 to 20. Details of Cylinder-casting. 21 to 25. Valve-chest and valve,
14. Apron. 21. Valve-chest casting.
15, 16. Hollows around steam-passages, 22. Valve-chest cover.
17, 18, Stiffening-struts across ports. 28. Balance-plate.
19. Drip-cock taps. 24. Valve.
20. Indicator taps. 25. Valve-yoke and rod.

through the saddle (see Fig. 246 and Fig. 257), forks into the
two steam-inlets 12, 12, which open into the steam-chest at each
end of the valveseat. In Fig. 248 the profiles of the different
ports are indicated by repeating these numbers, and marking
with arrow-heads the lines to which they refer. The steam-
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ports drop down between slanting plane walls, then curve arow
and are fitted to the outer surface of the cylinder, until they g
to the ends and turn in—being of nearly constant width. T
exhaust-port is bounded by easy curves as it drops down to t
surface of the cylinder, then runs off into the saddle; and t
steam-inlets are of similar shape, but are above the outer wa
of the steam-ports.

To keep the metal around these various eavities uniform
thickness, a number of pockets must be formed in the exterr
surface of the casting. Inside the apron 14, which at the en
bends around to join the cylinder-flanges, there is, in the midd
a pocket coming to the wall of the exhaust-port 10; then t
steam-port walls, coming down straight, and connected to t
apron by ribs which stiffen the latter; next, shallow pockets
the steam-inlet walls; and last, at the ends, deep pockets
which run in as far as the central plane of the cylinder. T
minimum section of the space 15 is shown on Fig. 247, at t
right; at the left is given the outline of a similar space 16 at t|
back of the cylinder, but which is not closed in like 15. To stiff:
the port-walls, the stud 17 is cast in the exhaust-port, set at :
angle so as to obstruct the passage as little as possible; and sin
lar cross-studs 18, 18, tie the flanges to the cylinder-body near t
middle of each steam-port opening.

Other details, external, are, the stout rib along the botto
of the cylinder; the enlargement of the outer diameter at t]
counterbores, with two shallow ribs running around the cylinde
and the taps for the cylinder-drains and the indicator pipes, :
19 and 20. The form of the saddle-casting just back of tl
cylinder is sufficiently shown on Fig. 246.

(¢) VALVE-CHEST AND VALVE.—The steam-chest 21 is a rectan
ular box, with a stiffening-rib all around it and the valve-rc
stuffing-box at one end. The cover 22 is a separate piece, ar
one set of stud-bolts tightens up both joints. The device f:
making these steam-tight is shown in detail at E, Fig. 248;
rectangular ‘ ring”’ of heavy copper wire, soldered at the corner
is placed between the cast-iron surfaces; when the bolts a
screwed up the wire is squeezed flat, and the ledge on the stear
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chest keeps this gasket from blowing out. The same kind of
packing is used at the stuffing-box covers. The cylinder-heads,
however, have ‘“ground” joints, and need no packing.

Beneath the steam-chest cover is bolted the balance-plate 23,
whose lower surface is a true plane, parallel to the valve-seat.
The valve is a simple D valve, short and wide, and the valve-
yoke 25 goes clear around it, as shown by the top view in
Fig. 249. This view also makes clear the manner in which the

arc L J0
~ — ~__—

F1a. 249.—Plan of Valve and Valve-yoke in preceding figures.

balance-strips, shaded for emphasis, shut off steam from the
greater part of the top of the valve. In this design—the Richard-
son balanced valve—there are four straight strips, fitted neatly
into the grooves in the valve, and touching each other closely at
the corners; the end strips 2 having lugs to keep them in place.
Under the strips are light springs; but they are pressed up against
the balance-plate chiefly by the steam, which has free access to
their under side. Note the small vent-hole, connecting this
relieved space with the exhaust-port.

(d) Various ENGINE-CYLINDERS.—The drawings which follow,
Figs. 250 to 273, show a number of different steam-cylinders, more
or less in detail, for the purpose of bringing out the important
variations in arrangement and construction. In first running over
these, we shall note the more striking features of each design;
then, after all the examples have been presented, some of the more
important details will be systematically reviewed. It is self-
suggestive that there are two principal points of view from which
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the cylinder may be regarded: on one side is the function of wo
performance, involving the action of forces, and presenting qu
tions of strength, tightness, durability, and convenience of acce
on the other side is the function of steam-distribution. The wo
ing element, the “ cylinder’’ proper, shows only secondary vai
tions in the form of its parts, however important these differen
may be from the point of view of the constructor: but in the fo
and arrangement of the valve (or valves) and of the steam-passa
there is a wide variety. Note that of the two elements of the stea
distribution, form and movement, we are now concerned w
the first only, except in the most general way; and the vari
valves shown can be more fully understood, in their detail ¢
proportions, after the action of the valve-gear has been studi
in the next chapter.

(¢) DIFFERENT VALVE-ARRANGEMENTS.—Analyzing the stes
distribution, as already described in Chapter I., we note that
valve in an ordinary double-acting engine has to perform f
functions, namely, to admit steam to each end of the cylinder :
permit exhaust from each end. The common D valve, with e
of its four edges controlling one of these operations, may well
called a four-function valve. In many cases, the functions
separated, two double-function valves, or four single-funct
valves, being used. Of the latter arrangement, the Corliss eng
is the most prominent example.

(/) ENGINES WITH SEPARATE SLIDE-VALVES.—The exan
given in Fig. 250 is typical of a number of designs. With its {
short ports and separate valves, it contrasts very strongly v
the locomotive cylinder in Fig. 247. Structurally, this eng
has four valves; kinematically—that is, as regards movemer
there are two valves, one for the two admissions, the other
the two exhausts. Right here a distinction can be drawn betw
separate valves and a separated valve. When a plain or pa
balanced D valve is used, as in Fig. 247, it is made as shor
possible, in order that there shall be the minimum of area u
which the steam-pressure may act to force the valve hard d
upon its seat and produce friction. When the valve is fully
anced, as in the Sweet design, shown in Fig. 6, it. is made lon
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or the working-faces are separated, so as to get short ports. Com-
plete evolution in this direction is shown in Fig. 250, where the
valve is divided into two separate parts, connected only by the
valve-rod which moves them. If now these two valves are sepa-
rately driven, as in the Porter-Allen engine, we have what may
strictly be called separate valves. The Porter-Allen, one of the
earliest-developed good high-speed engines, is not here illustrated:
but the valve-gear is shown in outline in § 58, and the general
arrangement of the cylinder is very much as in Fig. 250.

Fi1e. 250.—Cylinder of Watertown Four-valve Engine.

A noticeable feature of this cylinder is the great depth
of the heads, which is rendered necessary by the requirement of
the steam-chest space well beyond the ports. In regard to the
balancing of the valves, we see that the balance-plates on the
exhaust side must be held in place mechanically, against the
distance-strips which just leave the valve room to move; whereas
the balance-plates on the admission-valves are held up by the
steam-pressure, like the single plate in Fig. 6. Further, each
exhaust-valve has two or three slots cut through it (rather than
the single one shown in this illustration), in order that the steam-
pressure shall always be equalized on the two sides of the valve,
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or that the pressure of the steam in the cylinder shall not
the valve hard against the balance-plate.

(9) THE DouBLE-FACED FraT VALVE.—The cylinder of
engine illustrated in Figs. 201 and 237 is shown in detail by
251, with especial emphasis on the valve and steam-ports.

F1a. 2561.—Cylinder of 15” b, 14" American-Ball Engine; see Figs, 2
v v 287. Scale 1 to 14. gl &

this Ball design there are two parallel valveseats, just
with the extensible valve between them. Each half of the
has the usual working-face of a common D valve; and the !
are connected by a sliding cylindrical joint, telescopic in its
and with grooves and a packing-ring to prevent leakage.
valve differs from those in Figs. 6 and 247 in that the live
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is at the middle, while the exhaust takes place past the outer edges
of the valve. This interchange of function does not affect the
steam distribution at all; its effect upon the arrangement of the
valve-gear will be brought out in the next chapter, where the
“balancing” of the valve will also be discussed. Note how the
valve-rod is connected to the valve, by a self-adjusting grooved
block, free to take the position in which there will be no bending
effect upon the rod.

This horizontal position of the valve, in a plane through the
cylinder-axis, makes the ports long, so that the engine is bound
to have a large clearance-volume: but the mere doubling of the

i///WW////

Fia. 252.—Cylinder with Plain Piston-valve. Scale 1 to 12,

ports does not of necessity give them a larger total cross-section
than a single passage ought to have. The shape of this part of
the casting is so fully shown by the sectional views as to need
no explanation,

(%) ExciNes WwiTH PistoN-vALvEs.—The first example, in
Fig. 252, is of the simplest possible form—a plain, close-fitting
plug, without any packing-device. This arrangement has been
found quite satisfactory with valves not over six inches in diameter;
but it is rather more usual to provide some means of adjustment
or some sort of packing-rings even with small valves. The section
along the port, at B, is useful in showing how the valve is placed
near the back of the semicylindrical steam-chest, in order that
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the port shall fully and yet closely accommodate the streams
flowing in or out all around the valve. ’

In Fig. 253 is seen a double piston-valve, each valve being
in two parts, joined by rods. The inner, secondary valve com-
bines with the outer main valve in controlling the operation of
admission of steam into the cylinder; but the exhaust is deter-
mined wholly by the main valve. One valve-rod works inside
the other, the hollow rod carrying a stuffing-box at its outer end.

Fi6. 254.—Cylinders of Reeves Vertical Compound Engine, Fig. 202

() Hig-sPEED CoMPOUND ENGINES.—In the very compact en-
gine shown by Fig. 254, the two cylinders and their valve-chambers
are cast all in one piece, with the lower cylinder-heads included.
The working-faces of the piston-valves are adjustable in diameter.
The high-pressure valve, at the right, works inside a full-length
bushing, being completely inclosed except for the steam-inlets
toward the top; then the space AA forms a very effective steam-
separator, within the engine, drained by the outlet at the bottom.
The steam-action for the particular position is indicated by arrows,
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the working of the larger valve being somewhat complicated by
the fact that it controls both the exhaust from the high-pressure
cylinder and all the functions for the low-pressure,

Fi1G. 255.—Cylinders of Westinghouse Compound Engine, Figs. 207, 208.

The general arrangement of the Westinghouse single-acting
engine has already been commented upon under Fig. 208. In
Fig. 225 are shown the details of the evlinders, pistons, and valve.
Putting the steam-chest on top of the cylinders gives the latter



§ 43 ()] THE VAUCLAIN LOCOMOTIVE. ’ 85

a very simple form. This sectional view makes clear the construc-
tion of the combined piston and cross-head. The external form
of the valve is rather better shown in Fig. 208; here we see that
it is hollow, all of its inner surface being exposed to the exhaust
steam. The annular space around the neck of the valve alternately
connects the steam-space S to the high-pressure port B, and this
port to the low-pressure port; exhaust taking place past the right
end of the valve, as in the figure. The valve works inside a con-
tinuous bushing, in which all the port-openings can be accurately
machined. From B a by-pass valve connects to the steam-space

Fi1G. 256.—Cylinders of Vauclain Compound Locomotive, Baldwin
Locomotive Works. Scale 1 to 24.

S; this is worked by hand, and is opened when starting the engine,
so as to admit steam directly to the low-pressure cylinder. From
the annular space A, about the low-pressure piston-trunk, there
is communication to the outer air through a check-valve, which
can be held open while the engine is being turned over by hand.

() THE VaucLaiN CoMPoUND Locomotive.—A particularly
compact type of the direct-expansion compound engine is illus-
trated in Figs. 256 to 258. There are a number of interesting
features, especially in the form and arrangement of the steam-
passages and of the single valve which controls the steam-dis-
tribution of both cylinders. Fig. 256 is a vertical section, giving
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the general arrangement of the cylinders, pistons, and cross-head;
note the different kinds of piston used for the different diamecters.
The details of the casting are shown by Fig. 257; while in Fig. 258
two partial sections, which follow the lines VH and VL in Fig.
257 A, are turned into one plane. According to the notation on
the lengthwise sections, 1 or S is the steam-supply passage, 2 is
the port to the high-pressure cylinder, and 3 to the low-pressure,
and 4 or E is the exhaust-passage. On Fig. 257 A the profiles

F1a. 257.—Sections of Cylinders and Saddle, Fig. 256. Scale 1 to 24.

of the two ports are shown by dotted lines, each being marked by
its number: with the help of Fig. 258 we sce that 4 and 3 come
down to the walls of both cylinders, 2 is partly outside of 3, and
1 is outside of both ports, 2 and 3.

In this particular example, the two cylinders have not their
axes in the same vertical plane, as shown in Fig. 257 A; to dimin-
ish the over-all width of the locomotive, the large cylinder is moved
in a little from the plane of the engine-mechanism, and the small
cvlinder is moved out a corresponding amount. Usually, how-
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ever, the cylinders are placed one directly above the other; the
large cylinder being on top in a freight locomotive with small
wheels and a low stroke-line, the small cylinder on top when the
wheels are large. An idea of the arrangement of the framework,
at the saddle, can be got from view A.

-~ .- .

Fi6. 258.—Sections through Valve and Ports, Fig. 256. Scale 1 to 18.

The form of the valve is clearly shown in Fig. 258, and the
manner in which it controls the steam-action in both cvlinders is
indicated by the arrows. As with the D valve, the steam is
here at the ends, the exhaust in the middle. A complete study
of the action of this valve is quite complex—belonging to the
subject-matter of Chapter XI. In the face of the saddle, on Fig.
257 A, is seen an outlet from the steam-passage; a by-pass valve
connected to this can admit steam directly to the low-pressure cylin-
der, through the holes in the heads shown ncar the top of Fig.
256, in order to give extra power in starting the locomotive; but
this steam is throttled down from the boiler-pressure, so that it
will not exert too great a force upon the large piston.



88 FORM AND CONSTRUCTION OF THE ENGINE. [Cm. VIIL

Other cylinder-arrangements which are in the same class with
the one just described are illustrated in Figs. 436 to 438.

(k) MARINE-ENGINE CYLINDERS.—As typical of this class, the
cylinders of a small triple-expansion engine, already partly illus-
trated in Fig. 243, are fully shown in Figs. 259 and 260, and in
Fig. 411, Fig. 259 gives the general arrangement; the lower
half of the figure is a section at mid-length, the upper half goes
through the top steam-port. The first point to be noted is the
manner in which the cylinders are bolted together, so as to form

Fi0. 289.—-Cylinders of Small Triple-expansion Marine Engine; sec also
Figs. 248, 260, and 411; stroke 18”. Scale 1 to 32.

one rigid piece; besides the flanged seatings for this purpose, we
see also the feet which rest upon the columns of the framework.
As to the valve-arrangement, the use of piston-valves on the
high and intermediate cylinders and of a slide-valve on the low
cylinder is very common; as is also the use of two or more piston-
valves on one cylinder when it is large. Turning back to Fig.
243, we see that the H.P. valve receives steam at the middle and
exhausts at the ends, through two outlets; these are joined by a
branched pipe, which carries the steam to the middle of the inter-
mediate valves; and a similar arrangement is used between the
M.P. and L.P. cylinders. A good idea of the steam-pipe arrange-
ment on marine engines can be got from Figs. 232 to 235; usu-
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ally the pipes are of copper; and expansion is allowed for by mak-
ing the piping of a flexible form or by the use of slip-joints.
The detailed construction of two of the cylinders of the engine
under consideration is given in Fig. 260. Cone-disk pistons, steel
castings, are used; and the chief purpose in drawing parts of the
two cylinders side by side is to show how the pistons have all

Fi1e. 260.—Details of Gunboat-engine Cylinders, Fig. 2569. Scale 1 to 12.

the same height, so that the slant of the cone decreases with the
diameter. The cylinder-heads are closely conformed to the
piston, the lower head being cast solid with the cylinder and
having an opening for the insertion of the stuffing-box. To sepa-
rate the valve-chamber from the cylinder, uniting them by the
ports and by stiffening-ribs as needed, is characteristic of marine
practice. The two chambers on the intermediate cylinder are
cross-connected in steam-space, ports, and exhaust-spaces. Note
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the free use of ribs or webs (marked W) to stiffen the castin
especially in the ports.

A detail of this piston-valve, showing how it can be adjust
in diameter, will be found in Fig. 428. Other marine cylinde
are more or less fully illustrated in Fig. 273 and Figs. 412 to 41¢

(1) THE CorLiss CYLINDER.—A representative example of th
type of cylinder is given in Figs. 261 and 262; of the former, thre
fourths is & section through the head-end ports, while the upp

—

B

il h

F1a. 261.—Cross-section of Cylinder in Fig. 262.

right-hand quarter is taken at mid-length. The general featw
calling for particular notice are, the location and form of t
valves and ports, the steam-chamber at the top, and the exhau
chamber at the bottom. Fig. 261 shows a part of the valy
gear, which will be found fully illustrated and discussed in § ¢
for the present it is enough to know that the valves are oscillat
back and forth so as properly to control the admission and exhat
for the two ends.

As to the valves, we note that each is a complete cylinc
at the ends, with a full bearing in which it turns; but at
working part the steam-valve has only a narrow cylindrical fa
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though the exhaust-valve fills more space. The valve-stem is a
separate piece—the valves being, of course, made of cast iron—
with a T head that fits into a slot cut in the end of the valve.
The valve-chambers are closed at the ends by caps or bonnets,
of which the one at the rear carries, on a yoke, the valve-stem
bearing. In this engine a couple of large holes are drilled through
the front heads of the exhaust-valves, to give passage to the
relief-valves, which are screwed into the bonnets. On the back
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F1a. 262.—Lengthwise Section of Corliss Cylinder, 26” by 48".
Scale 1 to 21.

of the cylinder, at mid-length, is formed a seating for the wrist-
plate bracket.

The valve-chambers are here of the rectangular form, so that
the cylinder has the square-cornered effect seen in Figs. 210 and
211. Sections of round valve-chambers are given in Figs. 241,
269, and 270: this closer conformation to the shape of the valve
is usual in the later designs. In Fig. 262 the exposed surfaces of
the valve-chambers are polished, in order to diminish the radia-
tion of heat: with round-cornered cylinders, the sheathing covers
everything. It is to be noted that the steam-chamber S is formed
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Fia. 263.—Section of Fleming Four-valve Tandem-compound Engine; compare Fig. 215.
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right upon the cylinder, so as to steam-jacket a part of its surface;
but the exhaust-chamber is separated from the cylinder-body.
Stiffening webs, marked W, run along the middle of the steam-
chamber. The main pipe-connections are obvious.

A high-speed engine with Corliss valves is illustrated in Fig.
263, which we now examine with especial regard to the form of
the cylinder. Note the shield which extends beyond the valve-
chambers, and forms the rectangular end better seen on Fig. 215.
The valves of this engine are much more complex in shape than
those in the preceding example, the steam-valves being triple-
ported for small openings, double-ported for large ones. These,
together with the valve-gear, will be more fully considered later.

(m) CYLINDERS WITH GRIDIRON VALVES.—After the Corliss
type of oscillating plug valve, the next single-function type to be
considered is the gridiron valve; which, by a simple sliding move-
ment, opens and closes a number of ports. One prominent ex-
ample is given in Figs. 264 and 265; the valves are long narrow
slides with a number of openings running crosswise. In general
arrangement this is very much like a Corliss cylinder, but with
marked differences in the form of the valve-chambers. The valve-
seats are separate inserted pieces, which is a decided advantage
both as to original construction and as to ease of repair or
renewal.

This engine has a positive valve-gear, of quite a complicated
form, which will be fully discussed in the next chapter. To get a
quick and variable cut-off, a second valve is used, working upon
the back of each main steam-valve, and controlled by a shaft-
governor, so that each cylinder has six valves in all. The exhaust-
valves are closely guided between their seats, which are bolted fast,
and the body of the cylinder: the steam-valves have more freedom;
there is a clearance between the riding-valve and the ends of the
fixed pins or studs that project inward from the valve-chest covers,
so that the valves can rise about 1/16 inch from their seats; but
they are kept from rattling, when running loose after steam is
shut off, by the movable guides shown in Fig. 264. These are
held by pins, which pass through an oblong hole; and each is
pressed inward by a flat spring between its head and the cover.
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An essential feature of any large engine, shown very cle:
in Fig. 264, is the relief-valve, which opens when the pressur
the cylinder becomes excessive, as when water is accident
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F1a. 264.—Horizontal Section, low-pressure cylinder of vertical compo
McIntosh & Seymour Engine; see Fig, 218,

drawn in. In general, a relief-valve is simply a spring-loa
safety-valve; but the one here shown serves also as a drain-va
since it can be opened by turning the star-wheel so as to d
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the valve back, compressing the spring. Note how this valve
opens directly into the exhaust-chamber.

A very compact valve-arrangement, withal convenient of
access, is that in the Wheelock engine, Fig. 266. The two grid-
iron valves for one end are carried in a cylindrical plug, in which
their seats are formed. This plug is inserted like a Corliss valve;
it is given a slight taper, so that it will draw up tight; it carries
the whole valve-gear on the head bolted to its outer end; and it
can be removed when the valves are to be examined or repaired.
This is the first steam-jacketed cylinder that has been shown:
here the steam-chamber and the jacket are in all one, so that the

Fia. 265.—Axial Section of Cylinder in Fig. 264.

whole supply of steam passes through the jacket. The structural
details involved in the arrangement will be touched upon presently;
and illustrations of the valve-gear, which is of the releasing type,
will be given in the next chapter.

(n) Dropr-vaALVE ENGINES.—AIll the valves so far shown act
by the sliding of one surfgce upon another, whether the surfaces
be flat or cylindrical. Radically different in form and action are
valves of the lift or poppet type. These are not much used in
American or English practice, and less now than formerly: but
on the Continent of Europe, and especially in Germany, engines
of the type illustrated in Fig. 267 are very common.
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T

. 267.—German Drop-valve Engine; high-pressure cylinder of 670 and
1075 by 1200 mm. compound engine. Scale about 1 to 80.
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Fie, 268.—Large Corliss Cylinder with valves in heads and separate side-
pipes: low-pressure cylinder of 82" and 68" by 48" vertical cross-com-
pound engine, Allis-Chalmers Company ; compare Fig. 218. Scale 1
to 36.
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In Fig. 267, view A shows the most detail: we note first the
form of the valve-chambers, seen also at C; next the inserted
valve-seats, and the double-seated balanced valves; then the form
of the steam- and exhaust-chambers, which are just like those on
a common Corliss cylinder, the steam-chamber being further shown
on the upper half of view B. The cylinder is very fully steam-
jacketed, on both barrel and heads; a peculiar feature is the location
of the throttle-valve, 2t the top of the jacket. It is quite usual,
however, in European practice with stationary engines, thus to
pass the live steam through the jacket.

This is the first engine with an extended piston-rod, running
out through the back cylinder-head, that has been shown in sec-
tion. External views of a similar arrangement have been given
in Figs. 216 and 221; here also the outer end of the piston-rod
tests upon & small slide-block. By this means the weight of the
piston is largely carried by the rod, and wear between the piston
and cylinder iz diminished; further, the piston is a little more
positively guided along the axis of the cylinder, which is the reason
why the extended rod is often used in vertical, especially in marine,
engines.

Some framework detail is here shown: the cylinder is supported
at the head end by a broad footing cast with it; at the other end,
it is carried by the frame. The position of the exhaust-valves
makes it necessary that the space beneath the cylinder be kept
clezr, so that the foundations must come up at the sides of this
spacc. The frame differs in detail, but not greatly in genecral
form, from those already shown.

The valve-gear of this engine could not well be shown to the
small scale used on Fig. 267: the type will be found in Chapter
IX. There is a side shaft running back along.the engine, as in
Fig. 214, with an eccentric and a special mechanism for each
valve, the steam-valves being released as in a Corliss gear. To
bring quietly to rest a drop-valve, wherc there is a positive stop-
page of metal on metal, is essentially a far more difficult and deli-
cate task than that of the Corliss dash-pot; nevertheless, these
engines are run as fast as ordinary Corliss engines, the one here
drawn having a normal speed of 94 R.P.M.

91G44f



100  FORM AND CONSTRUCTION OF THE ENGINE. [Ca. VIIL

(0) CorLiss CYLINDER WITH VALVES IN HEADS.—This arrange-
ment is often used in large engines: for besides diminishing the
clearance-volume, it greatly simplifies the cylinder-casting. In
Fig. 268 is shown the low-pressure cylinder of a large vertical

Fia. 269.—Cylinders of Hollgv Compound Pumping-engine, Fig. 227,
cale 1 to 24.
engine: it is of the same design as that in Fig. 219, and the out-
line of the covering which gives the external form is shown by the
dotted lines in the top view. The valves, both double-ported,
are brought as close together as the piston-rod will allow, in order
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to get the long port-openings shown at B. The flat surfaces of !
the heads are tied together by several vertical webs. In the steam
and exhaust connecting-pipes at the sides are included expan-
sion sections, which are thin phosphor-bronze castings. As a
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Fia. 269.— Continued.

minor detalil, it is interesting to note the slots made at D, D, view
B, in the ridge which gives depth of metal for the stud-bolt holes;
these slots permit the drainage of the shallow pockets which would
otherwise tend to catch and hold water.
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Another cylinder of this type, but with the steam-ch
formed upon the cylinder-barrel in the usual manner, is
shown in Fig. 271.

(p) Corriss CYLINDER WITH SOLID CAST JACKETS.—Fi
besides showing the cylinders in very compact arrangemen
trates fully the method of construction wherein all the steam
spaces are formed by coring the casting—of which Fig.
a parallel example. As to the jackets on the cylinder-l
we note how they extend all around the middle of the cy
but are kept out of the way of the valve-chambers; and ho
holes are formed at the ends, for digging out the sand fr«
casting. At the front end of the large cylinder, the side
runs into that on the head; the two walls being connected by
struts, as shown in dotted lines on D and by the detail sec
F. A similar arrangement of the jacket is seen in Fig. 267

Of the hollow cylinder-heads, only the large one on th
end of the L.P. cylinder has its inner and outer walls t:
gether with webs: on all of them, the location of the cor
is shown. They all receive their steam-supply from the
jackets after the manner shown at detail view E. On this
as also on Fig. 267, the letter J is used to mark the points of |
connection, whether for supply or drainage. While not nec
it is better to plug all the core-holes in the ends of the cyl
except those concerned in the jacket-supply, in order to di
the number of places where leakage is likely to occur.

(99 CyuinpErs wiTH LiNkrRs.—The decidedly more
method of construction for steam-jacketed cylinders, especi
large sizes, is exemplified in Figs. 270 to 273. When the cy
wall proper is thus a separate piece, the operation of maki
casting, in the foundry, is very considerably simplified;
easier to get a sound casting with the simpler form; ai
metal for the liner can be especially adapted to resisting
In Fig. 270, where two half-scctions at right angles to eact
are swung into the same plane, the exhaust-valves a:
shown; but a special feature of the design is the manner in
the exhaust-chamber surrounds the cylinder, outside the
so that the latter serves also, to some extent, as a reheater
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exhaust from this H.P. cylinder passes from the outlet at the
left, through a connecting-piece, to a similar inlet on the L.P.
cvlinder. The cylinder-heads are jacketed, and in each there are
two relief-valves.

When a liner is used in an engine-cylinder, provision must be
made for carrying the steam-ports through or past it, and for
holding the liner in place. In Fig. 270 the ports pass the ends

F16. 270.—Two Half-sections of High-

pressure cylinder of French vertical

Corliss engine, see Engincering, 1901, e

Feb. 8. Scale 1 to 80, chambers cast on cylinder.

Scale 1 to 30.

of the liner; and between the ports there are projecting shoulders
upon the cylinder-heads, which touch the ends of the liner and
keep it in position. Fig. 271 gives two partial sections of a cylinder
arranged as in Fig. 268: here the ports are entirely clear of the
jacket; the liner is bolted fast at one end, and at the other end
is used a diaphragm joint, made with an annulus of thin copper
plate held down by two rings—a method used in Fig. 266 also.
Of course, the cylinder-heads are formed around these jacket-
joints, without clearance.
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In Fig. 272 we have a case where the ports pass through the
liner, which must then have a long bearing at each end; and we
see further an example from American practice wherein the steam
passes through the jacket on its way to the engine. It does appecr,
however, that this jacket is to be considered rather an adjunct
to the large steam-passage which rises from the inlet at the bottom
than itself the steam-passage as in Fig. 267; and that most of the
water formad by condensation in the jacket will have a chance
to separate quietly and be drained away, without being caught
up by the main current and carried into the cylinder.

Fia. 272.—High-pressure Cylinder of Corliss Air-compressor. Scale 1 to 24.

The most usual form of liner for a marine cylinder is shown
in Fig. 273 1.: the flange at the bottom is tightly fitted and fast-
ened with sunk-head bolts: at the top the plain contact joint is
reinforced by a soft copper ring, which is calked into the dove-
tail groove. In II., with the same general arrangement, a pack-
ing-ring is used, held down by screws upon a filling of hard-packed
asbestos in the recess. At III. is seen a special recessed joint at
the bottom: while IV. shows the ocecasionally used method of
bolting the liner fast at the top, with bolts spaced as far around
the cvlinder as the steam-port will permit.

The liner is forced into place, usually with a hydraulic press;
but to make the fit close enough to prevent leakage is likely to
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bring too much strain upor the outer shell, especially with the
thin castings usual in merine construction—hence the employ-
ment of special devices for making the joints tight. For a fixed
joint, as at the bottom in Fig. 273 1., a coating of red-lead paste
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Fig. 278.—Marine Cylinders with Liners.

1. French Battleship, III. French To 0-boat, both by Schneider & Co.,
see Engineering, 1898 II; 1I. and IV. U. 8. Cruisers. Scale 1 to 24.

between the surfaces is very effective; but where variable expan-
sion of the two shells causes relative movement this can do little
good. The successive cylindrical fits are, of course, made larger
in diameter toward the top, so that the liner can be dropped almost
into place, and need be forced home through only a short distance.
The contact band at mid-length is usually continuous, except
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where grooves are cut through the ribe after machining, tq
the steam pass. |

Of other important features shown in Fig. 273, the first ig
cellular form of the heads in I. and III., which are made 1
double walls fully braced, as much for strength as for the
of the steam-jacketing. In I., further, we see the cylinder
off short ot the top, and the steam-port formed partly in:
head; this simplifies the main casting but gives a non-circ
bolting-flange. At III. is shown the method of draining the
head when used as a steam-jacket: since the drain-pipe sel
as supply to the lower head, condensation in the latter ms
effective the siphon, which draws out any water that may col
at the lowest part of the upper head.

Sometimes stationary or locomotive cylinders are fitted v
liners in the form of a bushing with a continuous fit, an exan
appearing in Fig. 438. This permits the use of a hard, close-grai
iron for the rubbing-surface. The liner may be a part of the o
inal design, may be added where the main casting has shc
blow-holes or sponginess, or may be used to reduce the diam
after extensive re-boring. Always in stationary practice, :
usually in marine, the jacket-liner is of cast iron; but someti
forged steel is used, cspecially in naval engines where the saving
weight is highly important.

(r) STRENGTH OF THE CYLINDER.—Of the various forces wt
act upon the cylinder, only the internal steam-pressure produ
stresses which can be calculated; but the other, unknows
force-actions may have a large effect, so that the designing
the cylinder is very much a matter of experience and good ju
ment. To get an idea of the effect of steam-pressure alone,
apply to several of the examples illustrated the formula for st
tending to cause longitudinal rupture, namely,

PD=2S8t; . . . . ... @3

where P=steam-pressure, in pounds per square inch;
D =diameter of cylinder, in inches;
t=thickness of metal, in inches;
S=tensile stress, pounds per square inch.
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Results got by this formula are given in Table 43 A, where the
stated or assumed highest probable boiler-pressure is used. The
first cylinder is exceptionally thick, other designers using about

1” for this size.

It appears, then, that in stationary engines S is

likely to be somewhere in the neighborhood of 1000 lbs., while
for transportation service it ranges from 1500 to 1700. In the
last two examples, a calculation thus based on the least thick-
ness is not at all a true test of strength, the casting being strongly
reinforced by ribs and flanges.

TaBLE 43 A. STREsSS IN CYLINDER-WALLS
DUE TO STEAM-PRESSURE.

Fig. Type of Engine. Pressure. | Diameter. | Thickness.| Stress
251 High-speed. . ....... 100 15” 1}~ 600
262 Corliss, simple. ... ..| 100 26” 13~ 1040
2c8 (H)* ‘‘  compound... 150 327 27 1200
271 (H) “ “ e 150 42” 2/ 1575
247 Locomotive. . ....... 200 20" 13 1600
245 (H) Marine............. 180 177 17 1530
259 (H) Naval.............. 200 14.5” " 16€0
273 1. (H) e 210 44.5” 1.577 | 2970
273 111. (H) e 210 6.7 .53” 3300

SeaToN gives for the minimum thickness of marine-engine

cylinders

= PD

3000 ¢

PD

05@-,.....

(302)

or S from 1500 to 1800, the latter figure being for the highest grade

of iron.

While the body of the cylinder is of a self-sustaining form,
other parts, as for example the walls of the steam-passages, need

support.

In marine cylinders especially, free use is made of

cross-webs: and in some cases even stay-bolts or stay-rods, ana-
logous to those used in boilers, are put in to tie the port-walls
together at critical points—see Figs. 411 and 414,

* The symbol (H) means that the high-pressure cylinder of the engine,
whether shown in the drawing or not, is the one referred to.
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Other stresses besides those due to pressure may be caused by
irregular contraction in the original cooling of the casting, by
unequal temperatures of the different parts under working con-
ditions, by external forces due to the manner of support or of
connection to the framework, and especially by the accidental
presence of water. The most frequent cause of breakage of the
cylinder is the effort of the piston to compress into the clearance
space a body of water larger than the volume of that space. Pre-
ventives are, a well-drained separator in the steam-pipe, liberal
drains and relief-valves on the cylinder, and, with a jet-condenser, =
vacuum-breaker which will admit air if the condenser accidentally
fills with water up to a certain level and thereby keep the water
from ever being sucked up into the cylinder.

An important consideration is that a fairly thick cylinder can
be molded with less trouble and cast with a better expectation
of soundness of metal than one that is relatively much thinner.
Take Fig. 273 1. as an example: it is very fully ribbed and braced,
which makes the pattern expensive; there will be many cores in
the mold, and they must be very accurately set and firmly held;
and a high degree of skill is needed to get a sound casting. For all
these reasons, the saving of weight in marine cylinders is far from
representing a saving in cost. This requirement of a good thick-
ness of metal, not only for constructive reasons, but also to permit
re-boring of the cylinder when worn, is embodied in empirical
formulas like that of UNwiN,

t=.02D+0.5 to .02D+0.75 ins.; . . . (303)

where the effect of the constant term is to make a small cylinder
relatively thicker than a large one.

In the matter of external forces, the cylinder that is supported
wholly or chiefly by being bolted to a full circular seating on the
frame is least likely to be unduly strained. That is, in the usual
Corliss type of construction, where the relatively large weight of
the cvlinder is carried by the foundation, there is a possibility
that irregular settling of the latter may cause severe stress; while
the overhanging cylinder of the small high-speed engine, once
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made strong enough to carry its own weight, is not liable to an
increase in this load. In vertical engines, the complete frame of
the stationary type carries the cylinder in a more favorable manner
than does the marine frame. Large low-pressure cylinders, rela-
tively thin, are not at all rigid, so that even their own weight can
distort them; thus the larger cylinders for a marine engine must
be bored with the axis vertical if they are to be truly round when
mounted in place upon the engine.

It is not the purpose of this book to go into the details of the
design of the machine for strength: except as an idea of propor-
tion may be got from the numerous drawings given, the reader is
referred to works on machine design for rules covering these
matters.

(8) STEAM-TIGHT JOINTS.—An important detail of the flanged
cylinder-head joint, shown with most emphasis on Figs. 247 and
256, is the formation of a narrow contact-ring inside of the bolts.
The rest of the flange-surface is cut back a little, or relieved, so
that the full grip of the bolts is concentrated on this narrow strip.
This surface is finished true and flat, and constitutes a “ground”
joint, with which no packing need be used. When packing is
found necessary, a gasket of heavy paper is often enough, with
good surfaces; sometimes metallic gaskets, made of lead or soft
copper, are used; but rubber sheet-packing, such as is placed
between pipe-flanges, ought not to be required to make any cylinder-
joint tight.

Any arrangement other than the firm contact of metal on
metal is especially out of place when the flange of the front
cylinder-head comes between the cylinder and the frame, as in
Figs. 241, 250, 251, etc. The double requirement of making a
tight joint and of holding the cylinder in true alignment is some-
what more severe upon the front bolts than is that of merely
holding the cylinder-head—this depending very much, however,
upon how truly and strongly the cylinder is supported—and quite
often these bolts are made a little heavier than those at the back.
In Figs. 254, 260, 263, 267, etc., are seen the examples in which the
front head is cast solid with the cylinder; nearly always, with
this arrangement, there is an enlarged opening through which a
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heavy boring-bar can pass, and which is then closed by the inserted
stuffing-box. In Fig. 253 the front head is put into place through
the cylinder, and is held fast by a few light stud-bolts, which are

"helped by the steam-pressure. The narrow joint surface, at both
ends, is packed by a ring of rcctangular copper wire, forced into
a groove in the face of the ledge on the head, and faced off so as to
project about # in.

Bolts.—It will be noted that stud-bolts seem to be used alto-
gether; rarely, if ever, are the flanges made wide enough to give
room for through-bolts, nor is it desirable to give the bolt-circle
the needlessly large diameter that this would require. The stress
in these bolts is a resultant of the original tension due to the screw-
ing up of the nuts and of that due to steam-pressure. When the
bolts are screwed tight, they are stretched (within the elastic
limit, of course) and the metal of the contact surfaces is compressed:
when the steam-pressure comes on the head, it stretches the bolts
still farther, and in so doing eases up somewhat the pressure in
the joint. The total tension in the bolts is, therefore, not the
original tension plus the steam-pressure, but is less than this sum.
It is usual, however, to base the effective sectional area of the
bolts upon the total steam-pressure on the head, using a low work-
ing stress in order to allow for the rather uncertain initial tension,
This working stress is usually from 3000 to 4000 lbs. per sq. in.;
and the distance between the bolts, which determines their number,
varies from 4" to 6”, depending upon the thickness and stiffness of
the flange.

The considerations just stated apply also to the joints under
the various valve-chest covers. These pieces must, of course, be
designed so as to have the requisite strength and stiffness to resist
the pressure to which they are subjected.

A minor detail of considerable usefulness is the jack-, or lifting-
serews, for starting cvlinder-heads and other bolted covers when
taking them off. At the ends of a diameter two holes are tapped
in the flange, between the bolt-holes; and tap-bolts run through
these against the cyvlinder-flange loosen the head very easily,
after which the same holes can be used for the lifting-handles or
eve-bolts,
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(t) CyLiNDER PRoPORTIONS.—The ratio of diameter to stroke
varies with the different classes of engines. In the short-stroke,
high-speed type it is usually a little less than one, but is occasionally
greater; in simple Corliss engines the ratio is generally from 0.5
to 0.6. Multiple-expansion engines begin with some such ratio
as this, but often get it well up toward 2.0 in the low-pressure
cylinder. The ratio of diameter to length (between heads) would
give a better idea of the real form of the cylinder; but this would
involve the thickness of the piston, which varies quite widely.

The piston-clearance, or the distance between cylinder-head
and piston when the latter is at’ the end of the stroke, depends
upon the size of the engine and upon the number of working joints,
subject to wear and adjustment, between the cylinder and the
shaft-bearing. Thus one rule is, for small engines start with § in.
and add & for each joint; for large engines, change these values to
}and §. If the pistons and heads are faced off and if the joints are
so arranged that their take-ups neutralize each other (see Figs.
302, 304), much smaller clearance-distances may be used.

(1) DESIGN. OF THE STEAM-PASSAGES.—This is a simple matter
that can very well be taken up here, without waiting for the close
study of the form and action of the valve. The determining
factor is the permissible velocity of the steam-current. For a
given rate of flow, the area of cross-section must be such that this
velocity will not be too high. Rate of flow and rate of piston-
displacement have the same factors, area and velocity; and if
the steam is to fill up closely the space behind the moving piston,
these two volume-rates must be equal.

It is customary to proportion the steam-passages so that the
maximum velocity of flow shall not be greater than from 160 to
240 ft. per sec.; this maximum occurring when the piston is near
the middle of its stroke, and therefore seldom existing, for the
entering steam, in engines where the normal cut-off is early. During
exhaust, however, this maximum velocity is always reached. It
may appear that the exhaust steam will have to flow much more
rapidly than the live steam because its specific volume is so much
greater; but we must remember that a great part of the steam
escapes while the piston is moving slowly, near the end of the
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stroke; and thereafter the steam of low pressure has merely to get
out of the way as the piston returns.

Referring to § 26 (b), we see that the pressure-drop required
to produce the above-named velocities, through an ideal orifice,
would be very small—far less than the loss between the steam-
chest and cylinder usually observed in engines. But other resist-
ances have a greater effect than does the inertia of the steam:
and this range of steam-velocity has been found by experience to
embody a good compromise between excessive pressure-drop on
one hand and excessive clearance-volume on the other.

Comparing the maximum velocity of the piston (essentially
the same as the linear velocity of the crank-pin) with the mean
rate of travel, we find the ratio to be 1.6 to 1; with infinite connect~
ing-rod the ratio is = to 2 or 1.57 to 1; and the effect of the actual
rod is closely enough accounted for by using 1.6. With this ratio,
a maximum velocity of 160 to 240 corresponds to a mean of 100 to
150 ft. per sec., or of 6000 to 9000 ft. per min. The last is directly
comparable with the mean piston speed of 600 to 1200 ft. per min.:
and the section of the steam-passage ranges, in practice, from
one-tenth to one-sixth of the area of the piston, with one-eighth as
a good average value.

After the velocity, the next consideration is the desirability of
keeping down the amount of clearance-space: this exerts a strong
influence in the direction of making the ports short and direct
by the use of separate valves near the ends of the cylinder. Where
there are separate valves for admission and exhaust, and the
prevailing cut-off is early, it is customary to make the exhaust-
port larger than the other, as appears in Figs. 262, 264, 269, etc.

§ 44. The Reciprocating Parts of the Engine.

(a) THE Piston.—Before reviewing the pistons which have
appeared in the cylinder-drawings just given, and before discussing
the more detailed drawings now to be presented, it may be well
to re-state the conditions which this piece must meet, as already
set forth in § 2 (¢):
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First, the piston must have strength to resist the steam-
pressure; but it must be no heavier than necessary, lest there be
excessive inertia of the moving parts and undue wear of the
cylinder.

Second, the piston must have a broad rim or working face,
especially in horizontal engines, to furnish plenty of rubbing
surface and diminish wear.

Third, tightness against the leakage of steam must be secured,
by the use of packing-rings. The solid piston-body is a little
smaller than the cylinder-bore, and the gap between them is
closed by the packing.

() Sorip Box Pistons.—Sectional views of the plain hollow
cast-iron piston, all in one piece, have been given in Figs. 6, 247,
251, 254, 256, and 267, so that no further illustration of this type
is necded. For diameters less than 24 inches it is overwhelmingly
prevalent; and it is often used for larger diameters, up to 48
inches. An absolutely simple example is given in Fig. 254, where
the hub is cylindrical, the two disk-faces are flat and of uniform
thickness, a number of radial stiffening-ribs are used, and there
are two plain packing-rings. In Fig. 247 the design is closely
similar except that the faces are made very slightly conical, so
as to taper the metal toward the rim, and the nut is partly sunk
into the hub. In Fig. 251 the piston is unusually broad, the rim
is reduced in thickness between the slots, and no radial ribs are
used. The noteworthy feature in Fig. 267 is the close accommoda-
tion of the outer profile of the hub-section to the shape of the hole
for the rod. Fig. 6 shows a very light piston, with a special
method of securing the rod and a large number of very light packing-
rings: this piston is made with the metal thin not merely to save
weight, but also with the idea that the piston, easily replaced, will
be the part most likely to break in case of a smash-up due to the
accidental presence of water in the cylinder. Finally, in Fig. 270
we have a box piston made slightly conical, which is a step in the
direction of marine practice.

Comparing Figs. 247 and 254 with 6 and 267, we distinguish
two types of ribs: the first comes out to the rim, with a hole near
the middle of therib; the other stops short of the rim. All these
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pistons come from the foundry with a number of core-holes in
face, usually one hole to each of the pockets formed by the r
These holes are tapped and plugged before the piston is finished

(c) A Groupr oF LocomoTivE PisToNns is given in Fig. &
this is a favorable field from which to select examples, beca
there is a wide variation in type of construction with mode:
size. Types L., IL, and III. are from European practice, wi
the box piston is less usual than in American locomotives. '
flat central-disk design, No. I., is an often used English ty
the side-disk piston at II. is drawn accurately to scale fror
standard German locomotive; while III. shows the cone-disk
adapted from the marine engine. A true marine piston wc
have the disk come to the other side of the rim, as will be seen

Fia. 274.—Locomotive Pistons of the Solid-disk Type. Scale 1to 12

turning this drawing into the vertical-engine position, and t
comparing it with Fig. 260 or Fig. 279. A still further depart
from the marine type is seen in Fig. 256, where the larger pis
has a Z-shaped section.

As drawn, Fig. 274 L. is heavy enough to be made of cast ir
but II. and III., as also the L.P. piston in Fig. 256, are cast-s:
patterns. American designers have been chary of bringing ¢
steel into rubbing contact with cast iron, believing that there
a great liability to excessive wear and “cutting” of the surfa
In Fig. 256, for instance, a brass facing is cast upon the rim of
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piston, covering the whole space between the packing-rings (see
also Fig. 280 IIL.): and in a similar way, a broad, thin cast-iron
ring, made in halves, has been riveted upon the rim of a piston of
this form. In Fig. 274 IV. is seen an arrangement which combines
the steel cone-disk for strength with a cast-iron rim for wear.
This is a standard design on the Pennsylvania Railroad, and is
made in several diameters with a rim of the same width. The
latter is broadened at the bottom over 120 degrees of its circum-
ference, so as to have more weight-carrying surface. The rim is
made .01 in. smaller than the disk at the fit and shrunk on, and
the screws are riveted as shown. An advantage of this separate
construction is, that when a cylinder is re-bored, only the cast-
iron ring, and not the rgore expensive steel casting, need be renewed.
It is to be noted that both the all-steel designs, at 1II. and II.,
have the extended piston-rod, which helps to carry the piston,
and also steadies and guides it so as to diminish wear.

Fio. 275.—Extra Light Hollow Pistons for Locomotives. Scale 1 to 12.

The drawings in Fig. ‘275 show special construction of the
box piston. 1. is a standard Baldwin Locomotive Works design
for the low-pressure cylinder of compound engines: as here shown,
extra light, it is made of malleable iron (decarbonized casting);
for plain cast iron, the cores are made smaller, so as to increase
the thickness of metal by about 60 per cent. In the rim of this
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piston are several small grooves filled with babbitt-metal, to
make a better rubbing surface.

Drawings I1. and III. show cast-steel box-pistons. In general,
a hollow steel casting must have larger openings for ‘ venting”
and for removing the cores than are necessary with iron. In II.,
then, the body and rim are made separate, and put together with
a screwed and riveted joint. In III. the rim is a cast-iron ring,
held in place by a narrow steel follower-ring, which may be riveted
as here, or bolted fast. This design resembles Fig. 274 IV. in the
ease of renewing the rim. ’

Fra. 276.—Built-up Piston, for Corliss Engine in Fig. 210. Scale 1 to 12.

(@) BuiLt-up Box PistoNs.—A type of piston which has
long been used in engines of the Corliss class is well represented
by Fig. 276. In this there is first the ribbed body or “spider” 1,
into which the rod is securely fastened; then the rim or “bull-ring”
or “junk-ring,” which carries the packing-ring; last, the follower-
plate 4, held fast by six tap-bolts. The bull-ring forms the working
surface of the piston, and can be adjusted by set-screws so as to
make the axis of the piston agree with that of the eylinder. It is
made in two parts, 2 and 3, partly because the packing-ring is
rather too stiff to be “sprung” over the piston in order to get it
into its grooves, partly because access can now be had to the packing-
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ring without withdrawing the piston from the cylinder-bore.
The rod has a taper fit against a collar, is held by a cotter, and
is riveted at the end, over a heavy washer: note how the slot for
the key cuts through the rim of the piston-body at both sides,
making necessary a special arrangement of the set-screws on this
diameter. The packing-ring is of the tapered form, and the
“keeper”’ which joins its ends is more fully shown in Fig. 280 IX.

Fia. 277.—Piston for 26” by 48” Corliss Engine, Figs. 218, 241,
Scale 1 to 12,

In Figs. 277 and 278 are given further examples of the type
just described, which sufficiently represent the possible variations
in form. Fig. 277 has the bull-ring all in one piece, with set-
screw adjustment, and only an annular follower-plate. The pack-
ing-ring is made in segments and pushed out by a spring under
each of the keepers which form the joints. In Fig. 278 the follower
forms half of the bull-ring, the two halves fitting together tightly
with a recessed joint, but having considerable play on the piston
for adjustment. The latter is determined by the two little blocks
marked 4 on view A: of the seven slots in the ring 2, only two are
thus filled, at the bottom where the blocks will carry the weight of
the piston; and the screwing-up of the follower-bolts grips the
whole structure tightly together. Here a continuous packing-
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ring (with one joint} is used, and its elasticity is supple
by flat springs as shown at C.

The purpose of this latter design is partly to make the |
rings removable without disconnecting the rod from th
head or disturbing the alignment of the piston in the ¢
For this purpose, the follower, as also the packing-ring a:
the little blocks 4, 4, have tapped holes in them for the inse
eye-bolt handles. Always the piston is provided with thi
of getting a good hold when taking it out of the cylinder—a«
for instance, in Fig. 6.

Fic. 278. —Reynolds-Corliss Piston, Allis-Chalmers Compan
Scale 1 to 12.

It is important, as a matter of practical convenience,
follower-plate be easily removable, or that the bolts s
rust fast. Steel tap-bolts in cast iron, or steel nuts on stud
satisfactory if the joint is opened at short enough interva
quently, however, a screw-joint with bronze on steel is
either by the use of bronze nuts on stud-bolts, or by
tap-bolts into blocks of bronze which are let in from the
recesses in the piston-body. Note how the studs are se
pins in Fig. 278, so that they will not come out with the 1

(e) Souip-pisk PisToNs.—Simple cone-disk pistons
marine type are shown in Fig. 260. Usually the single-dis}
when used in a vertical engine, and especially with an
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piston-rod, has a much narrower rim than a piston of the same
diameter would have in a horizontal engine. An extreme case is
seen in Fig. 279 1., where the packing-rings, self-elastic, form the

Fia. 279.—Pistons of the Marine Type.

1. Vertical compound Buckeye engine, 27" stroke, scale 1 to 16; II. Pistons
rom one of four engines on the steamer ‘* Kaiser Wilhelm II.,” with

f
70.8” stroke, scale 1 to 86; III. Forged steel piston, about 24"’ in diam-
eter, for torpedo-boat; IV., V. Saving weight in the rim; VI. Special

form of rod coanection.
whole surface of the rim. These pistons are steel castings, with

follower and spring-rings of cast iron.
The group of pistons in Fig. 279 II. belongs to a large three-
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crank quadruple-expansion engine, with the high-pressure cyli1
placed tandem above the first intermediate. The smaller pis
are made thick and heavy as a part of the scheme of balancing
engine. Note the arrangement of the combined bull-rings
followers, whereby all the packing-rings can be removed wit}
disturbing the pistons. On the first three pistons, plain snap-r
are used; the low-pressure has a flexible (segmental) ring, bac
by springs, of the type shown in Fig. 280 X1I.

In Fig. 265 is seen a piston which may be considered a deve
ment from the marine type, being made of two cone-disks comb
into the hollow, box form and held together by the nut on
pistpn-rod. This method of making a hollow piston in two p
is much better, with cast steel, than to try to core it out. Ano
example of the same general type of construction is partly sh
in Fig. 281 III.

The most usual type of piston in large stationary engine
probably the box form, with parallel faces and made of cast i
the rim arrangement being of the type in Fig. 278, modified tov
the simple device used on Fig. 279 II.

The extreme of lightness is seen in the forged-steel piston at
279 I11.; and rim-sections without any dead weight, for
pistons, are shown at IV. and V., both from naval engines. Fin
at VI, is illustrated a peculiar method of fastening piston and
together, which has been used in small marine engines, but w
does not seem to have any advantage over the usual arrangen
The piston at II1., instead of being tapped for lifting-bolts, has
hub threaded on the outside, so that a lifting-ring can be scre
.upon it.

(f) STRENGTH OF THE P1sTON.—Taking this piece in its
simplest form—the single-disk type—it is possible to mal
reasonably close calculation of the stress due to a certain st
pressure: but even here there must be simplifying assumpt
which cause rational methods to be only approximate. With
more complex, hollow pistons, only a rough guess at the stre
can be made by calculation; so that empirical data, or the follo
of established good practice, is the chief resource of the desiy
This is one of the numerous cases where each machine th:
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built is, in a sense, an experiment; therefore the development of
good design has been largely a matter of évolution.

As always in the designing of a casting, there is here plenty of
room for the exercise of good judgment. Thus it would be dis-
tinctly bad engineering to put a circle of core-holes in the face and
of holes through the ribs at the same radial distance from the
axis, especially if this radius is relatively so short that a large
fraction of the metal in the face is removed. In this connection
may be mentioned the occasional use of a sort of stay-bolt, made
up of two core-plugs united by a shank, to tie together the faces
of a hollow piston.

In rare cases the transverse face of the piston is not a surface
of revolution: examples are described or illustrated in Power for
Nov. 1899 and Feb. 1905, and in Engineering for Dec. 11, 1903.
The first is a Corliss engine with the valves in the heads and pro-
jections upon the cylinder which fill the port-spaces; the second
is a large blowing-engine, with piston-valves lying across the heads
in the air-cylinder, and the piston conformed to the outer shape
of the valve-casings. In such a design it is absolutely essential
that the piston be secured against ever getting loose and turning
on its axis.

(9) TuE PistoN-roD.—The chief point of interest in the con-
struction of this simple piece is the manner of securing it to the
piston and to the cross-head. At the piston, the most common
fastening consists of a cone-fit and a nut. With a long taper, of
1 in 20 to 1 in 40, the piston is fitted against a shoulder, to limit
the wedge-action of the rod, which would otherwise be likely to
burst the piston. This shoulder may be formed by a reduction
in diameter, as in Figs. 254, 256, and 277; but more usually, and
better, there is a collar on the rod, as in Figs. 247, 251 2741V,
2751., and 276. With a shorter cone the shoulder can very well
be omitted, as in Figs. 267, 270, 274 1., etc.; although examples
of a short cone in combination with a collar are given in Figs. 260,
265, and 279 II. In Figs. 6 and 281 I11. are seen related designs
with cone-fit and screw, all within the piston-hub. Parallel
or cylindrical fits are sometimes used, as illustrated in Figs. 274
II1., and 294; while Fig. 274 II. shows a simple screwed joint,
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with a collar and a safety-rivet. The keyed joint, as in Fig. 276,
was formerly quite common, but is now rarely used at the piston.
The nut may be wholly sunk into the piston as in Fig. 277, or
partly as in Figs. 247, 256, 267, etc.; and may either be of the
hexagon form or be slotted for a spanner-wrench.

At the cross-head, glancing forward to Iigs. 282 to 297, we see
that in stationary engines the rod is usually screwed into the head
and secured by a jam-nut; though sometimes the thrcaded hub is
split and clamped upon the rod, as in Figs. 290 and 297. In the
locomotive the cotter fastening is used almost altogether, as seen
in Figs. 286 to 289. With the marine cross-head, Figs. 293 to 295,
radically different from the other types, a joint similar to that at
the piston is usual.

Strength of the Rod.—The piston-rod is subjected to rapidly
alternating tension and compression, and must therefore be
designed for a low working-stress. The compressive force, which
the rod resists as a “ column,” with a tendency to yield by bending
out of line, is the more severe in its effects; so that if the body of
the rod is made strong enough for compression, a smaller cross-
section can be used at the ends, in the fastenings, where simple
tension is the predominant stress. But a sudden reduction in
cross-section where the rod enters the piston is not a good feature,
becaure any secondary bending action will tend to concentrate a
heavy stress at this point, and thus be likely to cause breakage,
With the si.ort cone and no collar, Fig. 267, etc., there is a very
considerable ecnlargement at this point. ILut cases where an
enlargement of section is used even more avowedly for the purpose
of getting increased strength against bending are seen in Figs
256 and 289. In the former especially the maximum of stiffness
is cimed at, because the general arrangement of the engine is such
that at the cross-head the rods may have to resist very strong
bending actions. They are in this case made hollow, so as to be
as strong as possible for a given weight. These hollow rods, of
nickel-steel and closed at the ends, are first forged with enlarged
-ends, drilled, and rough-turned on the body; then